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ACRONYMS

AC Alternate Current

BAF Bottom of Active Fuel

BWR Boiling Water Reactor

DC Direct Current

EDG Emergency Diesel Generator

EPR Emergency Preparedness and Response
EPREV Emergency Preparedness Review
FAO Food and Agriculture Organization
HPCI High Pressure Coolant Injection

IAEA International Atomic Energy Agency
IC Isolation Condenser

ICRP International Commission on Radiation Protection
IEC Incident and Emergency Centre

IRRS Integrated Regulatory Review Service
ISSC International Seismic Safety Centre
LPCI Low Pressure Coolant Injection
MAAP Modular AccidentAnalysis Programme
MUWC Makeup Water Condensate

NISA Nuclear Industrial Safety Agency

NPP Nuclear Power Plant

NSC Nuclear Safety Commission

OECC On-site Emergency Control Centre
PSA Probabilistic Safety Assessment
RCIC Reactor Core Isolation Cooling

RHR Residual Heat Removal

RPV Reactor Pressure Vessel

SAMG Severe Accident Management Guidelines
SFP Spent Fuel Pool

SRV Safety Relief Valve

SSC Structures, Systems and Components
TAF Top of Active Fuel

TEPCO Tokyo Electric Power Company
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SUMMARY

The Great East Japan Earthquake on 11 March 2011, a magnitude 9 earthquake, generated a
series of large tsunami waves that struck the east coast of Japan, the highest bemat38.9

Aneyoshi, Miyako.

The earthquake and tsunami waves caused widespread devastation acrosspartlaofe
Japan, with 15391 lives lost.In addition to this, 871 people remain missing, with many
more being displaced from their homes as towns and villages were destroyed or swept away.

Many aspects of Japan‘s infrastructure have

As well as otherenterpries, several nuclegpower facilities were affected by the severe
ground motions and large multiple tsunami wavexkai Daini, Higashi Dori, Onagawa, and
TEPCO's Fukushima Dathi and Daini. The operational units at these facilities were
successfully shutdown by the aotatic systems installed as part of the design of the nuclear
power plants to detect earthquakes. However, the large tsunami waves affected all these
facilities to varying degrees, with the most serious consequences occurring at Fukushima Dai
ichi.

Although all off-site power was lost when the earthquake occurred, the automatic systems at
Fukushima Daichi successfully inserted all the control rods into its three operational reactors
upon detection of the earthquake, and all available emergency dieseltgepewer systems

were in operation, as designed. The first of a series of large tsunami waves reached the

Fukushima Daichi site about 46 minutes after the earthquake.

These tsunami waves overwhelmed the defencebedfukushima Daichi facility, which

were only designed to withstand tsunami waves of a maximum ah5igh. The larger
waves that impacted this facility on that day were estimated tovbel4 m high. The
tsunami waves reached areas deep within the,watssing the loss of all powebwrces
except for one emergency diesel generator (6B), with no other significant power source

available on or off the site, and little hope of outside assistance.

The station blackout at Fukushima Beli andthe impact of the tsunangausedhe loss of
al instrumentation ath control systems at reactors4l with emergency diesel 6B providing

emergency power to be shared between Units 5 and 6.
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The tsunami and associated large debris caused widespread destruction of many buildings,
doors, roads, tanks amdher site infrastructure at Fukushima i, including loss of heat

sinks. The operators were faced with a catastrophic, unprecedented emergency scenario with
no power, reactor control or instrumentation, and in addition, severely affected
communicatias systems both within and external to the site. They had to work in darkness
with almost no instrumentation ammwntrol systems to secure the safety of six reactors, six

nuclearfuel pook, a common fuel poand dry cask storage facilities.

With no meango confirm the parameters of the plamt cool the reactor units, the three
reactor units aFukushima Daichi that were operational up to the time of the earthquake
quickly heated up due tihe usual reactor decay heating. Despite the brave and sorsetime
novel attempts of the operational staff to restore control and cool the reactors and spent fuel,
there wassevere damage tine fuel and a series of explosions occurred. These explosions
caused further destruction at the site, making the scene facdtk mperators even more
demanding and dangerous. Moreover, radiological contamination spread into the
environment. These events are provisionally determined to be of the highest rating on the

International Nuclear Event Scale.

To date naconfirmed longterm heath effectsto any persomave been reportess a result of

radiation exposure from the nuclear accident.

By agreement with the Government of Japan, the International Atomic Energy Agency
conducted a preliminary mission to find facts and identifyahittssons to be learned from

the accident at Fukushima Bahi and sharethis information across the world nuclear
community. To this end, a team of expertsleniook this FactiRding Mission from 24 May

to 2 June 2011. The results ofetiMission will be reported to the IAEA Ministerial
Conference on Nuclear Safety at IAEA headquarters in Vienz® 24 June 2011.

During the IAEAMission the team of nuclear experts received excettenperatiorfrom all
parties, receiving information from mg relevant Japanese ministries, nuclear regulators and
operators. Théission also visited three adttted nuclear powgalants (NPP)}— Tokai Dat
ni, Fukushima Dani and Daiichi — to gain an appreciation of the status of the gland
the scale of theaimage. The facility visits allowed the experts to talk to the operator staff as

well as to view the oigoing restoration and remediation work.

The Mission gathered evidencand undertook a preliminary assessment and has developed
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preliminary conclusions asell as lessons to be learned. These preliminary conclusions and
lessons have been shared and discussed with Japanese experts and officials. They fall broadly
under the three specialist areas of external hazards, severe accident management and
emergency peparedness. They are of relevance to the Japandsamcmmmunity, the IAEA

andthe worldwide nuclear community to learn lessons to improve nuclear safety.

The IAEA Mission urgesthe international nuclear community to consider fillowing 15
conclusims and 18essons in order to take advantage of the unique opportunity created by the

Fukushima accident to seek to learn and improve worldwide nuclear safety.

Conclusion 1: The IAEA Fundamental Safety Principles provide a robust basis in
relation to the circumstances of the Fukushima accident and cover all the areas of

lessondearned from the accident

Conclusion 2: Given the extreme circumstances of this accident the local management of
the accident has beerconductedin the best way possible and follwing Fundamental
Principle 3.

Conclusion 3: There were insufficient defencén-depth provisions for tsunami hazards.

In particular:

1 although tsunami hazards were considered both in the site evaluation and the
design of the Fukushima Daichi NPP as described during the meetings and the
expected tsunami height was increased to 5.7 m (without changing the licensing

documents) after 2002the tsunami hazard was underestimated,;

f thus, considering that in reality a o0dry
NPPs, the additional protective measures taken as result of the evaluation
conducted after 2002 were not sufficient to cope with # high tsunami run up
values and all associated hazardous phenomena (hydrodynamic forces and

dynamic impact of large debris with high energy);

1 moreover, those additional protective measures were not reviewed and approved

by the regulatory authority;

1 becawsefailures of structures, systems and components (SSCs) when subjected to

floods are generally not incremental, the plants were not able to withstand the
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consequences of tsunami heights greater than those estimated leading to cliff edge

effects; and

1 sevee accident management provisions were not adequate to cope with multiple

plant failures.

Conclusion 4: For theTokai Dai-ni and Fukushima Daini NPPs, in the short term, the
safety of the plant should be evaluated and secured for the present state of tHarp and
site (caused by the earthquake and tsunami) and the changed hazard environment. In
particular, if an external event Probabilistic Safety Assessment (PSA) model is already

available, this would be an effective tool in performing the assessment.

Short term immediate measures at Fukushima Daichi NPP need to be plannedand
implemented for the present state of the plant before stable safe state of all the units is
reached. Until that time the high priority measures against external hazards need toeb
identified using simple methods in order to have a timely plan. As preventive measures
will be important but limited, both on-site and offsite mitigation measures need to be
included in the plan. Once a stable safe state is achieved a long term plan ce¢o be
prepared that may include physical improvements to SSCs as well as-site and offsite

emergency measures.

Conclusion 5: An updating of regulatory requirements and guidelines should be
performed reflecting the experience and data obtained duringhe Great East Japan
Earthquake and Tsunami, fulfilling the requirements and using also the criteria and
methods recommended by theaelevant IAEA Safety Standards for comprehensively
coping with earthquakes and tsunamis and external flooding and, in genea, all
correlated external events. The national regulatory documents need to include database
requirements compatible with those required by IAEA Safety Standards. The methods
for hazard estimation and the protection of the plant need to be compatible wit

advances in research and development in related fields.

Conclusion 6: Japan has avell organizedemergency preparedness and response system
asdemonstrated by the handling of the Fukushima accident. Nevertheless, complicated

structures and organizationscan result in delays in urgent decision making.

Conclusion 7: Dedicated and devoted &tials and workers, and a wellorganized and

flexible system made it possible to reach an effective response even in unexpected

14
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situations and prevented a larger impactof the accident on the health of the general

public and facility workers.

Conclusion 8: A suitable follow up programme on public exposures and health

monitoring would be beneficial.

Conclusion 9: There appears to have been effective control of radiatie@xposures on the

affected sites despite the severe disruption by the events.

Conclusion 10: The IAEA Safety Requirements and Guides should be reviewed to
ensure that the particular requirements in design and severe accident management for

multi -plant sitesare adequately covered.

Conclusion 11: There is a need to consider the periodic alignment of national regulations
and guidance to internationally established standards and guidance for inclusioim
particular of new lessons learned tm global experiencesof the impact of external

hazards.

Conclusion 12: The Safety Review Services available witthe IAEA 6 $nternational
Seismic Safety Centre (ISSC)woul d be wusef ul i n assisting J

following areas:
1 External event hazard assessment;
1 Walkdowns for plants that will start up following a shutdown; and
1 Pre-earthquake preparedness.

Conclusion 13: A followup mission including Emergency Preparedness Review
(EPREV) should look in detail at lessons to be learned from the emergency response on

and off the site.

Conclusion 14: A followup mission should be conducted to seek lessons from the
effective approach used to provide large scale radiation protection in response to the

Fukushima accident.

Conclusion 15: A followrup mission to the 2007ntegrated Regulatory Review Service
(IRRS) should be conducted in light of the lessons to be learned from the Fukushima
accident andthe aboveconclusions to assist in any further development of the Japanese

nuclear regulatory system.
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Lesson 1: There is a aed to ensure that in considering external natural hazards:

1 the siting and design of nuclear plantshouldinclude sufficient protection against
infrequent and complex combinatiors of external events and theseshould be
considered in the plant safety analsis i specifically those that can cause site

flooding and which may have longer term impacts;

1 plant layout should be b as ed on mai nt aini ngwhare 6dr vy
practicable, as a defencen-depth measure against site flooding as well as

physical sepaation and diversity of critical safety systems;

1 common cause failure should be particuldy considered for multiple unit sites
and multiple sites and for independent unit recovery options utilizing all on-site

resourcesshould be provided

1 any changesn external hazards or understanding of themshould beperiodically

reviewed for their impact on the current plant configuration; and

1 an active tsunami warning systenmshould be established withthe provision for

immediate operator action.

Lesson 2: For seere situations, such as total loss of affite power or loss of all heat sinks
or the engineering safety systems, simple alternative sources for these functions
including any necessary equipment (such as mobile power, compressed air and water

supplies) shald be provided for severe accident management.

Lesson 3: Such provisions as are identified in Lesson 2 should be located at a safe place
and the plant operators should be trained to use them. This may involve centralized

stores and means to rapidly tranfer them to the affected site(s).

Lesson 4: Nuclear sites should have adequate -site seismically robust, suitably
shielded, ventilated and well equipped buildings to house the Emergency Response
Centres, with similar capabilities to those provided at~ukushima Dai-ni and Dai-ichi,
which are also secure against other external hazards such as flooding. They will require
sufficient provisions and must be sized to maintain the welfare and radiological

protection of workers needed to manage the accident.
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Lesson 5: Emergency Response Centres should have available as far as prabtea
essential safety related parameters based on hardened instrumentation and lines such as
coolant levels, containment status, pressure, etc., and have sufficient secure

communicaton lines to control rooms and other places osite and offsite.

Lesson 6: Severe Accident Management Guidelines and associated procedures should
take account of the potential unavailability of instruments, lighting, power and

abnormal conditions including plant stateand high radiation fields.

Lesson 7: External events have a potential of affecting several plants and several units at
the plants at the same time. This requires a sufficiently large resource in terms of
trained experienced people, equipmentsupplies and external support. An adequate pool
of experienced personnel who can deal with each type of unit and can be called upon to

support the affected sites should be ensured.

Lesson 8: The risk and implications of hydrogen explosions should be isited and
necessary mitigating systems should be implemented.

Lesson 9: Particularly in relation to preventing loss of safety functionality, the

robustness of defencén-depth against common cause failure should be based on
providing adequate diversity (s well as redundancy and physical separation) for

essential safety functions.

Lesson 10: Greater consideration should be given to providing hardened systems,
communications and sources of monitoring equipment for providing essential

information for on -site and off-site responses, especially for severe accidents.

Lesson 11: The use of IAEASafety Requirements(such as GSR-2) and related guides
on threat categorization, event classification and countermeasures, as well as
Operational Intervention Levels, codd make the offsite emergency preparedness and

response even more effective in particular circumstances.

Lesson 12: The use of long term sheltering is not an effective approach and has been
abandoned and concepts of Odeprbepratd avaada
introduced for effective long term countermeasuresusing guidelines of the ICRP and

IAEA .
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Lessons 13: The international nuclear communityshould take advantage othe data and
information generated from the Fukushima accident to improve and refine the existing
methods and models to determine the source term involved in a nuclear accident and

refine emergency planning arrangements.

Lesson 14: Large scale radiation protection for workers on sites under severe accident
conditions can be #ective if appropriately organized and with well led and suitable

trained staff.

Lesson 15: Exercises and drills for orsite workers and external responders in order to
establish effective orsite radiological protection in severe accident conditions wodil
benefit from taking account of the experiences at Fukushima.

Lesson 16 Nuclear regulatory systems should ensure that regulatoryndependence and

clarity of roles are preserved in all circumstances in line with IAEA Safety Standards.

18
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1. INTRODUCTION
1.1. BACKGROUND

The 2011 0Off the Pacific @ast of Tohoku Earthquakeccurred at 05:46 UTC (14:46 JST)
on 11 March 2011The magnitude (M,) of the earthquake was 9.0. Extreme vibratory ground
motion and tsunami were gentad from this large earthquakd@hese caused assive

devastation with 3391 lives lost andB 171 people still missing

Because of the widpread disaster caused by this large earthqualks;atled the Great East
Japan Earthquakd&he hazard of severe vibratory ground motion &sachami hit five nuclear
power plant (NPP) sites in éhNorth Eastern coast of Japan Higashi Dori, Onagawa,
Fukushima Daichi (1F), Fukushima Dani (2F) andTokai Datni. A sequence of events

initiated by the earthquake led to the severe accideng d&ukushima Daichi NPP site

The epicentre of thearthquakewas located at 38.1N and 142.9E (130 ESE off Ojika
Peninsula), at &ocal depthof 24km on the subduction zone betwetty)e North American

plate and the Pacific plat€he earthquake issemated tdhaveoriginated fom the rupture of
asubduction zonarea having a length of more than 400 km and width of about 200Hen

main shock was preceded by a strong motion foreshock and followed by a number of
aftershocks over a long period. Talild contains information on the foreshock and some of
the aftershocks (magnitude greater than or equal to 7.0) that occurred shortly after the main
shock Large tsunans were created by the earthquake. Tsunamere observed to be more

than 8.5m at Miyalo, 8.0m at Ofunato an®.3 m at Soma The maximum tsunami height

was 38.9m in Aneyoshi, Miyako

The location of the five power plants site-@wis the epicentre of earthquake is shown in
Fig. 1.1. All sites have NP$of the loiling waterreactor (BWR type. There is one BWAR
reactor of 110MW(e) in Higashi Dori. The Onagawa site has one BW!IReactor of 524
MW(e) capacity and two BWH of 825MW(e) capacity. Fukushima Dachi has the largest
number of reactors among the five sites. Six reactorkeatedon this site Unit 1 (BWR3)
460MW(e), Units 2, 3, 4 and 5 (BWR4) 784MW(e), and Unit 6 (BWR5) 1100MW(e).

There are four units of BWRS5 reactors each having M®)e) capacityat theFukushima

19
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Dai-ni site. Tokai Daini has one operating BWR unit of 1100 MW(e) capacity. Pictorial
views of Fukushima Dachi NPP, Fukushima Daii NPPandTokai Daini NPP are given in

Figs1.2, 1.3 and..4 respectively.

At the time ofthe earthquakgeall the reactors were in operation except the one unit of
HigashiDori and Units 4, 5 and® of Fukushima Daichi NPP. The earthquake caused
automatic shutdown of all the operating units. Large tsunamised by this earthquake hit
all the five sites within an hour of the main shock and caused damage at segsral it

status of the NPP reacs is summazed in Tablel.2.

The worst affected sitewere Fukushima Daichi and Fukushima Daii. Fukushima Dani

lost some safety related equipment butsifé and onsite power remained available albeit
somewhat degded. On the other hand, Fukushima-Bhi lost much of its safety related
equipment from the tsunami and all-sffe and orsite power except for one diesel serving
Unit 6. This led to a loss of coolinfgr the reactors of Units 1, 2 arfddandthe spen fuel
pools (SFP)of Unit 4. In addition,cooling for other safety related equipment was unavailable
or inaccessibleAll theseresuledin accident conditionat four units of Fukushima Dachi
NPP.

The International Seismic Safety Centre (ISSCjhefinternational Atomic Energy Agency

(IAEA) received informatiorabout the arthquaken 11 March 2011 throug

Event Notification Systeml wromptly convegea ahe t
information to thd AEA Incident and Emergendyentre (IEQ.

The Japanese authoritisgbsequentlynformed the IAEA about the eventThe IAEA has
been in constantontactwith the Government of Japaand disseminating information to
Member S$ates on a regular basis since dh time. The IAEA Director General
Yukiya Amanq called for a robust follovup action. The IAEA has been collaborating with
the Government of Japam sharing information about the status of the damagjeeatuclear
power plants and its effect on the surrounding areagmAgdiate assistance, the IAE&nt
seven expert teams to Japan, including a joint IAEA/FAO team on food monitioring

coordinateinformation sharing on radiation and environmental monitoramgpoiling water

20
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reactors and omarine environment monitoring

Since late March 201the Government of Japaandthe IAEA wereengaged in consultatien
over sendng a fact finding expertmission to explore the impact of trearthquakeand
tsunami orseveral of JapanBIPPs,including FukushimaDai-ichi. TheGovernment of Japan
and thelAEA agreed to sendo Japan a mission comprisimgternational expertsogether

with IAEA staff in order toprovide a preliminary assessment of the accident at Fukushima
Dai-ichi and recommend areas that need further exploxalibe Mission was one of the
initial activities of the IAEAandwould be followed by other missions as well as relevant
international cooperative activities including further information excharndgese future
activities may include facilities not coverelly the scopeof the presentMission and would
comprisetechnical studiesdiscussionswith the participationof relevant Member State
institutions, and the organization ointernational regional and nationalvorkshops and
training coursesCovering the eeas of external hazards and structural resposatety
assessment and management of severe acgidtsmonitoring, emergency preparedness
and response, thBAEA could support the development and incorporation of the lessons

learned from different is®$ identified by this and subsequent relevant missions.

The findings of theMission are being shared with the international communtty assist in
identifying the lessonkarnedand theirincorporation imo the global nuclear safety structure.
In this connection the Director General informetAEA Member States that an IAEA
Ministerial Conference on Nuclear Safetll be heldfrom 20 to 24June 2011, in Vienna
The more specific objectives of th@ferencearethe following
1 To provide a preliminargssessment of the Fukushima{ixdii NPP accident;
1 To assess national and international emergency preparedness and response levels in
light of the Fukushima Dachi NPP accident, with a view to strengthening them;
1 To discuss safety implicatns and idenfy those areas ofafety which may be
reviewed withthe aim ofstrengthening them through launching a process to that
effect;

1 To identify lessons learned and possible future actions.

Thefindingsof theMissionwill be reporedto the Ministerial Conference.

21



TABLE 1.1. FORESHOCK MAIN SHOCK, AFTERSHOCKS AND ASOCIATED
EVENTS OF THE2011 OFF THE PACIFIC COAST OF TOHOKU EARTHQUAKE

Location
Shock Date Magnitude
Epicentre depth
Foreshock 9 Mar. 11:45 (JST) N38d20m, E143d17m 8 km M7.3
Main shock 11 Mar. 14:46 (JST) N38do6m, E142d56h 24km M9.0
11 Mar. 15:08 (JST) N39d50m, E142d47m 32km M7.4
Aftershocks
11 Mar. 15:15 (JST) N36d06n, E141d16m 43km M7.7
11 Mar. 15:25 (JST) N37d50m, E144d54m 34km M7.5
Associated
7 Apr. 23:32 (JST) N38d12m, E141d55m 66 km M7.1
events
11 Apr. 17:16 (JST) N36d57m, E140d40m 6 km M7.0

TABLE 1.2. STATUS OF NPPS AFFECTED BY THE 2010FF THE PACIFIC COAST

OF TOHOKU EARTHQUAKE

Type Capacity Status
NPP Unit
CV* type Safety (MW(e)) Before After After .
system earthquake earthquake tsunami
Higashi
Dori 1 Mark | R BWR-5 1,100 Outage Cold Shutdown Cold Shutdown
ori
1 Mark | BWR-4 524 Operating | Automatic Scram| Cold Shutdown
Reactor )
Onagawa 2 Mark | BWR-5 825 Start Automatic Scram| Cold Shutdown
ar
3 Mark | BWR-5 825 Operating | Automatic Scram| Cold Shutdown
1 Mark | BWR-3 460 Operating | Automatic Scram| Loss ofCooling
2 Mark | BWR-4 784 Operating | Automatic Scram| Loss ofCooling
Fukushima 3 Mark | BWR-4 784 Operating | Automatic Scram| Loss ofCooling
Dat-ichi 4 Mark | BWR-4 784 Outage Cold Shutdown Loss of SFP*
cooling
5 Mark | BWR-4 784 Outage Cold Shutdown Cold Shutdown
6 Mark 11 BWR-5 1,100 Outage Cold Shutdown Cold Shutdown
1 Mark 11 BWR-5 1,100 Operating | AutomaticScram Cold Shutdown
Fukushima | 2 Mark Il R BWR-5 1,100 Operating | Automatic Scram| Cold Shutdown
Dai-ni 3 Mark Il R BWR-5 1,100 Operating | Automatic Scram| Cold Shutdown
4 Mark Il R BWR-5 1,100 Operating | Automatic Scram| Cold Shutdown
Tokai Dak ) )
] - Mark 11 BWR-5 1,100 Operating | Automatic Scram| Cold Shutdown
ni

*. Spern Fuel Pool
** . Containment Vessel
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FIG. 1.4 Tokai Daini NPP.
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1.2. OBJECTIVEOF THE MISSION

The Mission conducted a fact finding activity for a preliminary assessment addident (in
particular at the Fwshima Daiichi NPP (1F)). The Mission also collect information on

the Fukushimdai-ni (2F) and Tokai Daini (T2) NPP sitedocated in Fukushima Prefecture

and in Ibaraki Prefectunespectivelyto make a preliminary assessment od generic safety

issues associated with the natural events and the identification of issues that need further

exploraton or assessment based on IAEA Safean8ards.

The Mission receivedhformation on the progress reached to datthenJapanese assagent
of the acident and discussed specific technical issues to develop an informed assessment of

theaccident for sharing with theriernational nuclear community.

1.3 SCOPEOF THE MISSION

The scope of the Mission, while focusing on @kenuclear sadty issuescoveedthe following

specific areas:
a. Externalevents ofnaturalorigin;
b. Plantsafetyassessment ardkefencein-depth
c. Plantresponse aftaanearthquake angtinam;j
d. Severe ecident
e. Spentfuelmanagement undeseverefacility degradation
f.  Emergencyreparedness amdsponsgand
g. Radiologicalconsequences

The Government of Japaorovided the Mission Teamvith all relevant informatiorit had readily

available at the time of the Mission

1.4. CONDUCT OF THE MISSDN

The Mission wagonducted through discussions wikie counterparts and observatiomsde

duringthe visit to thesites.

The official language of the Mission w&nglish and Missin documentsvere prepared and
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finalizedin English. The documensimmarize the studies@mspections performeahdthe

results obtained, and recommend future actions.

The Missionconsised of meetings at offices in Tokyo and a tday visit to theFukushima

Dai-ichi, Fukushima Dani andTokai Datni sites
Courtesyvisits were paido various Ministers

The meetings ovehe first two days in Tokyaddressdthe general safety issues listed under
Section1.3. Presentations by the Japanese counterpartsgdtite@se meetingsmcluded the

requirements, regulations aptbcedures pertaining to tiesuesaddressed in this report

The vsits to the #es included question and answer sessom which the Japanese
counterparts provided detailed ansswerthe questionsf the Mission Team.

The Mission Team wadividedinto the three followingyroups:

1. External Hazards Group — comprising experts othe assessent of external
hazards of natural origiand plant response. Thayteraced with the Japanesexperts on
assessment dfazards of natural origin drtheir inorporation in desigrand on theresponse

of the plantsincluding structures, systems and componegainst the hazards.

2. Safety Assessment and Manageme@roup — comprising experts in the area of
safety assessment, sévere acciderand managementand déencein-depth analysisThe
team leld discussionsvith the Japanese experts the response of plant systems after the
events, severe accident management, defenrdepth and fuel pool cooling after severe plant

degradation.

3. Monitoring, Emergency Preparedness and Responséroup — comprising
experts in the areas of emergency preparedness and regp®iRp and of radiologial
consequencesThey aldressedhe plant specific protective actions taken and regaethe
details of the governmentahfrastructure and communication along with the radiological

consequences of the agent

The pertsattenadd multiple presentations to address crassting issuesThe neetings of

the groups wereheldin parallel followingthe site visits in order to gain as much information
as possible from the Japanese exgaity to the finaliation of the Mission Repqrincluding

the development ofonclusions and lessons learnBdess contactwith the Mission leader
werearrangedasappropriateThe Mission was conducted by a team of international experts
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and IAEA staff The list is given on page iii and of this report

2.  SEQUENCE LEADING TO THE FUKUSHIMA DAI -ICHI NPP
ACCIDENT

2.1 FUKUSHIMA DAI-ICHI NUCLEAR POWER JATION

The Fukushimd@ai-ichi site NPPhas six BWR reactor unitglnit 1 is a BWR3 reactor with

a Mark | containment, Units-8 are BWR4 reactors with Mark | containments, and Unit 6 is

a BWR-:5 reactor with a Mark Il containmerat the time of the earthquake, Units-3 were
operating and Units 4 were in refuellingmaintenance outagedn respnse to the
earthquake, Units-B automatically scramme@hutdown. All six off-site power lines were

| ost as a result of the earthquakedesehd al |l
generators (EDG) starte@he site has 13 EDGs but one had been taken out of service for
maintenance.About 46 minutes after the earthquake, the first tsunami wave hit thét site.
was followed by several additional tsunami waves leading to thelation of the siteThe
resulting ground acceleration at Units 1, 4 and 6 did not exceed the standard seismic ground
motion, whereas at Units 2, 3 and 5, the resulting ground acceleration did excetahtterd
seismic ground motianThe tsunami exceedetthie design basis at all unit¥he standard
seismic ground motion wasstablished for each unit for the purposeaetismic back check

based on the Seismic Design Review Guideline revis@006

The extent of flooding was extensive, completely surrounding all of the reactor buildings at
the FukushimaDai-ichi site The tsunami caused the loss of rdlie available EDGs cooled

by sea wateand the loss of all but one of the three EDGs cooled bylaé aircooled EDG

at Unit 6 was the remaingnsource of AC power at the sinit site. Workers were
temporarily evacuated from the site as a result of severalshiteks and accompanying
tsunami alerts.On the entire site, no means of communicatiotwben the Orsite
Emergency ControCentre (OECC) and ossite personnel executing recovery actions was
available.Only one wired telephone was available between the OECC and each control room.
The seawater pumps and motors located at the intake werg ti#atroyed so the ultimate

heat sink was lost.
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Core Damage Progression of UnitsiB3

With the loss of all AC power, all safety and rsefety systems driven by AC powsgcame
unavailableAt Units 1 and 2, the 128 DC batteries were flooded, so no instrentation and
control was available, thereby hampering the ability of the operators to manage the plant
conditions.No lighting was available in the main control rooms in either éiitUnit 3, DC

power andgin turn, main control room lighting and instrumentation and control systems, were
available for 30 hours but were lost once the batteries draasdtie battery charger was
flooded and AC power was not availabBuring the initial responsevork was coducted in
extremely poor conditions, with uncovered manholes and cracks and depressions in the
ground.Work at night was conducted in the dafkere were many obstacles blocking access

to the road such as debris from the tsunami and rubble that was guidojuthe explosions

that occurred in Units 1, 3 and All work was conducted with respirators and protective
clothing and mosy in high radiation fieldsAll three units experienced severe core damage
but during the Missiomo further detailwasprovided. The system response described below

is preliminary and lacks a number of details in many ateaslikely that the description will

be changed once TEPCO cariaob more information and anaky/.

Some systems were available to cool the cores its A8 after the earthquaki Unit 1, the
Isolation Condenser (IC) is designed to operate through gravity driven natural circulation of
coolant from the reactor pressure vessel (RPV) through a heat exchanger immersed into a
large tank of water in the re@r building at an elevation above the corke Unit 1 IC was
designed to have a decay heat removal capacity of about 8 howalve must be
manipulated to bring the IC into servick.was started at 14:52 ohl March after the
earthquakeAlthough urconfirmed it appears to have operated for about 11 minutes and was
then manually shutdown at 15:03 because the RPV temperature was dropping Taysdly.
action is consistent with the plant operating procedures which direct the operator to control
the IC ® that the RPV temperature radion rate does not exceed*®b per hourAfter the
tsunami, at about 18:18, the IC was started by manually opening the DC powered valve as it is
located outside of containmeriit about 18:25 the valve was closdidwas the@ reopened at
21:30.Steam generation was confirmed in the IC pool after the valve was opened at 18:18 and
21:30, so it appears that heat was being removed from the core to the IC pool during these
periods.The IC was the only system available to cool toee during this period and it

eventually failed. TEPCOis further investigating the failure of the IC and operator actions
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related to its operation during this period.

As designed, the Reactor Core Isolation Cooling (RCIC) systems in Units 2 and 3autilize
pump which is driven by a turbine that takes steam from the RR&turbine exhaust steam

is discharged to the suppression pddie RCIC systems are limited to operation when the
steam pressure in the RPV is above a certain pressure ratiogder o start the RCIC
systems, valves must be realign8dme are operated with AC power and some are operated
with DC power After the earthquake at Fukushimai-ichi, the RCIC systems in Units 2 and

3 were manually started and then tripped on a high RPWr\eatel automaticallyoeforethe
tsunami.After the tsunami, the RCIC systems were started at 15:39 and 16:03 in Units 2 and
3, respectivelyConditions indicate that the RCIC system of Unit 2 operated as designed for
about three days untl4 Marchat 1325, although the actual status could not be confirmed in
the control roomThe RCIC system in Unit 3 stopped after about 19.5 hour&2darch at
11:36, and aftean approximately 1 hour delape turbinedriven high pressure coolant
injection (HPCI) syeem started automatically on a low RPV water level signal and remained
operable for about 14 hour3heir failures will be investigated by TEPCO once stable

conditions are achieved.

Once the IC in Unit 1, the RCIC system in Unit 2, and the RCIC and HR@msy in Unit 3

were unavailable, an alternative cooling process had to be establishé&dt 1, the alternate
process involved injecting feed from a low discharge pressure fire engine pump through the
fire protection and makeup water condensate (MUVif@&sl connected to the core spray line.

On 11 March at approximately 20:00, the reactor pressure was 6.9 OHra the pressure
reading could be taken again d&March at 2:45 (the lack of DC power for instrumentation
required the use of car batteries styantermittent readings were available), the pressure was
0.8 MPa.The cause of the depressurization will be investigated once conditions areAsable.

a result, the fire engine pump could begin to inject freshwater into the core, and it was
initiated d 5:46 on12 March.Over the next ninbours, approximately 8@nnesof waterwas
supplied to the core until the water supply ran ést.steam was bled from the RPV to the
containment through an unconfirmed pathway, the containment pressure increased and
became necessary to align the valves in order to vent the containment and reduce pressure.
Venting requires instrument air as well as AC powsigh radiation levels in the reactor
building impeded the worlBeginning on the morning df2 March, theoperators attempted

to open the valves manually the afternoon, an engine driven air compressor (typically used
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for construction work) and an enghgenerator to provide AC power to a solenoid valve were
used At approximately 14:30 o2 March, the opeators confirmed a decrease in trg well
pressure, providing some indication that venting had been succeéggiobximately an hour

later, the first hydrogen explosion occurred at the site in the Unit 1 reactor building at 15:36
on 12 March. About 3.5 hours after the explosion a means to injsed water(borated
intermittently to ensure subcriticality of the core) was establishied. was discontinued on

25 March, once a source of fresh water was securgdction using fresh water is now
provided tlough a pump taking suction from a filtered water tank and injecting into the
feedwater lineFresh water is obtained via a piping system that connects the site to a dam
located approximately 10 km awdyleasures have been taken to inert the containmeht wi

nitrogen.

The alternative cooling process used in Units 2 and 3 involved feeding water to the RPV
using a fire engine pump injectirsga waterwhich was borated intermittently, and bleeding
the steam to the suppression pool through the safety walieés (SRVs)Thi s —f eed

bl eedl process essentially moves heat from

suppression pool temperature increases as does the pressurewst theell. Since the
ultimate heat sink was lost, venting from the teaamment was used to reduce pressure, as
discussed below.

After RCIC failed in Unit 2, approximately sikours elapsed until an alternative injection
source could be established using a fire engine pump injesgimgvaterThe RPV pressure

was reduced usg the SRVs to allow injection, due to the low discharge pressure of the fire
engine pumpSeveral attempts were made to open the SRVs, which require both DC power

a

and adequate nitrogen pr ®assisiinthe nmanipulatioretiev al v e s

valve. The operators tried to open several valves using a car battery as the DC power source

but the nitrogen pressure in the valves®' acc

or keep them operA valve waseventuallyopenedand the RPV pressure was reduced. A
nitrogen cylinder was used to maintain a vent path through the J®\dsit 9197tonnesof
sea watemwas injected betweeth4 March and26 March through the fire protection and
MUWC lines connected to the low pressurelaabinjection (LPC) lines.LPCI is one mode
of the residual heat removal (RHR) systeft. one point, the injection was temporarily
discontinued when the truck ran out of fuélffter 26 March, a fresh water source was

established similar to that of Unit 1
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Alignment of the valves to vent the Unit 2 containment was carried oui3dviarch by
opening an aioperated valve using an air cylinder and another valve with AC power supplied
by an engine generatokfter the Unit 3 explosion, discussed below, tladve was rendered
inoperable.The operators tieattempted to open another aperated valve to establish the
vent path.An enginedriven air compressor and AC power supplied by an engine generator
were used and the valve appeared to open sligHtiyeve, the successful venting of the

Unit 2 containment could not be verified.

After the HPCI failed in Unit 3 ori3 March, approximatehsevenhours elapsed until an
alternative injection source could be establishBoe RPV pressure was reduced through
steam discharge through one of the SRVs into the suppressiorlpechccumulator of the
SRV contained adequate nitrogen pressure so the SRV could be opened with car batteries.
Once pressure was reduced, injection of water was established using a iive @mgp
injecting through the fire protection and MUWC lines connected to the LPCI (one mode of
the RHR system) linesBoron was added intermittentlyfhe suction of the pump was
changed to a pit filled witsea wateat one point temporarily interruptingjection for a short

time, on the order of minuteA. further interruption occurred for two hou@nce restarted, a
total of 4495tonnesof sea watewas injected fromi3 March until25 March, at which time a

fresh water source was established simdahat of Unit 1.

Alignment of valves to vent the Unit 3 containment was bemjub3 March at approximately

8:41 using air cylinders and an engine generd&exeral attempts were made to open the
valves and at 9:20 successful venting was confirmed byl¢cecase irdry well pressure;
however, due to the leakage of air, an engine driven air compressor was finally used to
provide the required air pressufd.11:01 onl4 March, a hydrogen explosion occurred in the
Unit 3 reactor building resulting in substial damageAt approximately 6:00 od5 March,

an explosion occurred in the Unit 4 reactor buildi8mce the spent fuel in the Unit 4 spent

fuel pool appears to have been covered with water precluding the generation of hydrogen, the
source of flammalel gas is unclearA potential source is hydrogen in the Unit 4 reactor
building backflowing from the Unit 3 standby gas system lines through the vent lines of
Unit 4. Units 3 and 4 share a common header that vents to the exhaustTs$tiscls not

confirmead. Plans have been made to inert the Unit 3 containment with nitrogen in the future.

MAAP Calculations of the Unit 1-3 Core Degradation Sequence
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TEPCO has performed a simulation of the accident using the Modular Accident Analysis

Programmd&MAAP) code. The information below is only an estimate of the behaviour

Based on the calculation, assuming an estimated injection ratmptlod active fuel TAF)

was reached in Unit 1 abotiiree hours after the plant tripThe core was complety
uncoveredwo hours laterCore damage is calculated to have befgum hours after the trip

and a majority of the fuel in the central region of the core was melted at 5.3 hours after the
trip. At 14.3 hours after the trip, the core was completely dgaavith a central molten pool

and at 15 hours after the trip, all fuel had slumped to the bottom of the Vad#iseligh the
calculation shows that the RPV is severely damaged, measured data show much cooler
temperaturesDue to the uncertainty in the tngmentation aDai-ichi, the state of the vessel

is unknown.

The calculation of the accident progression of Unit 2 is based on an assumed seawater
injection rate such that the reactor water level was maintained at about the midpoint of the
active fuel asmeasured by the instrumentation available during the e\éat.calculation

shows that when the RCIC system was available, the water level was maintained well above
the TAF.Once RCIC was lost and the system was depressurized the water level dropped to
the bottom of active fuel§AF) about 76 hours after the trifeawater injection was initiated

and according to the instrumentation, the water level remained at the midpoint of the active
fuel region, leading to a rapid increase in core temperateaehig the melting pointA

molten pool existed in the central region of the core with melted fuel surrounding it at 87
hours after the tripThe molten pool was shown to grow larger by 96 hours and then begin to
cool at 120 hoursAt one week after the triphére was a small molten pool surrounded by
melted fuel.Due to the uncertainties in instrumentation whgave information abouthe
selection of seawater injection rate, another calculation was performed using a reduced rate.
This model shows that the fugas slumped and in turn the RPV is extremely damaged at 109
hours after the tripAlthough the calculation shows that the RPV is severely damaged,
measured data show much cooler temperatires.to the uncertainty in the instrumentation

at Dai-ichi, thestate of the vessel is unknown.

The calculation of the accident progression at Unit 3 is based on an assumed seawater
injection rate such that the reactor water level was maintained at abooel8w the TAF, as

measured by the instrumentation available during the eVéset.calculation shows that the
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core was covered until the RCIC and HPCI systems fallette gawater injectiorwas
initiated andthe water level stayed at aroundndelow theTAF, the temperature of the core
increased quickly, reaching the melting poifihe extent of fuel melting is less than that of
Unit 1. This is presumed to be because the time between failure of the RCIC and start of the
HPCI system was smaller than thedi of no injection in Unit 1At 64 hours after the trip, a
molten pool smaller than Unit 1 was surrounded by melteq &mel a week after the scram

the molten pool had cooled somewhs. slumping of the fuel to the bottom of the RPV was
predicted Due D uncertainties in instrumentation whigave information abouhe selection

of the seawater injection rate used in the calculation, another calculation was performed using
a reduced injection rat&his case predicts that slumping of the fuel occur2atdurs after

the scramAlthough the calculation of this scenario shows that the RPV is severely damaged,
measured data stv much cooler temperaturd3ue to the uncertainty in the instrumentation

at Dai-ichi, the state of the vessel is unknown.

Responsef Units 51 6 and Site Spent Fuel Storage

Units 5 and 6 aréocated a distance from Units4, and are aa higher elevation than Units

1-4. They sufered less damage than Units4] although the damage was still sevéks.a

result of the earthquake alff-site power was losAAs in Units 14, the seawater ultimate heat

sink was lost as a result of the tsunami, and in Unit 5, all EDGs were lost due to flédaeng.

air cooled EDG was available at Unit 6 because the air intake louvers were locatedhabove
tsunami inundation heightUnits 5 and 6 had been shutdown since January 2011 and August
2010, respectively, and the fuel had been reloaded into the core recently, awaiting startup.
Though decay heat was much lower than the operating plants, ctadirigel in the cores

was necessary and action was taken to restore the seawater cooling system.

On 12 March, measures were successful to provide AC power to important components of
Unit 5 using the Unit 6 EDGON 13 March, the MUWC system was used toeittj coolant

into the core, and steam wdischarged through the SRVs to the suppression po@.to the

low decay heat of the fuel, venting of the containment was not nece@sat@ March, an
alternate cooling path to cool the RHR system was establifhedRHR pump was powered
from the Unit 6 EDGA temporary pump providedea wateto the RHR heat exchangers
using an engingenerator to provide AC powe@n 20 March, the core was cooled to cold
shutdown levelsPlans are underway to provide more heatoval capacity.
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There are sevespent fuel pools (SFPs) at the FukushDaaichi site.One at each unit and a
common SFP |l ocated behind Unit 4, which cont
SFPs have a large inventory of watdove the TAF, gproximately 78 m, although at
Fukushima some of the water inventory could have been lost as the result of the sloshing from
the earthquakeAlthough dependent on the heat load of the fuel stored in the pool, the large
inventory of water typically allowmany days before the pool would boil to a level below the
TAF. Therefore, immediate action to cool the SFPs was not neceBsaguse of the lack of
instrumentation and high radiation levels, the wéeels in the SFPs of Units4 could not

be determied in the first several days of the accidémbwever, the explosions at the site
destroyed the reactor building roofs of Units 1, 3 angrdviding access to the SFRBeveral
options were considered to provide coolant to the SFPs periodiBatly freh and sea water
were usedTwo techniques involved the use of a water cannon and dropping a water supply
from a helicopterThese techniques were used on the Unit 3 SFP begiddilgarch, and

then on the Unit 4 SFP beginni2® March. The success of thegechniques could not be
verified. Another technique which involved utilizing existifigel pool cooling system lines

and temporary pumps was used on the Unit 2 SFP begi@@ikgarch and on the Unit 3 SFP
beginning23 May. Beginning22, 27 and 3March, oolant was provided to the Unit 4, 3 and

1 SFPs, respectivelysing a concrete pumping truck with a hose secured to a boom lifted to
the appropriate height.o determine the status of the SFPs, images were taken of the Unit 3
and 4 SFPs remotelfhe imags verified the presence of a water level ahdwedthat the

fuel appeared to be inta&n extensive amount of debris generated by the explosion in Unit 3
had fallen into the Unit 3 SFP, so that the structural integrity of the racks could not be
confirmead. There was some debris in the Unit 4 SFP, likely due to the explosion at Unit 4, but
the status of the racks and the fuelréported to be neamormal on the basis of present
information At this stage, the concrete pumping truck and boom techniqunig applied to

the Unit 1 and 4 SFP#ventory is being provided to the Unit 2 and 3 SFPs viduékepool
cooling systeniines. Both techniques connect to a header that is fed by a pump taking suction

from a large water tankeresh water is pumped the tank from the nearby dam.

Forced cooling was used at the site to cool the Unit 5 and 6 SFPs, using the AC power from
the Unit 6 EDG.Forced cooling was established in t@mmon SFP once AC power was
provided to the site in late MarcBecause of itsdw heat load, no action was necessary

earlier in the event.
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A dry cask storage building is located adjacent to the Unit 5 turbine buil@ivegbuilding
was damaged by the tsunamit the casks appear to be intachd®activity monitoring has
been usedo determine the status of the fuBlecause no radioactivity release has been

detected, the dry casks appear to be unaffected.

2.2 FUKUSHIMA DAI-NI NUCLEAR POWER STAION

The Fukushimdai-ni site has four BWFS reactors with Mark 1l containments. At the time

of the earthquake, all four units at Fukushima-Diawere operating. In response to the
earthquake, all four units automatically scrammed (shutdown). Ors&t@fpower source
remained operable, while the othdnree off-site power sources were either lost or in
scheduled maintenance. About 37 minutes after the earthquake, the first tsunami wave hit the
site followed by several additional tsunami waves, leading to the inundatitime odite.
Workers were temporarily evacuated from the site assaltr of several aftshocks and
accompanying tsunami alerts, which hindered recovery actions. The maximum acceleration of
the earthquake was less than the standard seismic ground moteacHiounitHowever, the
tsunami was much greater (inundation height of approximatehyr 6rf than the reference
tsunami level of 5.2n. The reactor buildings and the turbine buildings are at an elevation of
12 m, and although the ruap wave of the tsumai that reached this elevation caused partial
flooding of these buildings, the extent of flooding was less than at FukushiriehDai

The tsunami waves flooded the heat exchanger building, the segwat@s and electric
power centes, which caused theo$s of core cooling functions and pressure suppression
functions inthreeof thefour units. The rurup wave that reached the reactor building of Unit

1 flooded its EDGsUnit 3 was the least affected and was able to reach cold shutdown the day

after the arthquake.

Because the extent of damage caused by the tsunami was not as great as at Fukushima Dai
ichi, the plant superintendent had more options for dealing with the effects of the tsunami.
The plant operators were able to continue to provide watéetcetictor cores with the RCIC

and MUWC system, and to manually depressurize the reactors. The plant superintendent
called for mobile power trucks and mobilized the workers on site to lay more than 9 km of
temporary power cables 16 hoursIn addition, eplacement motors were procured for some

of the flooded pumps. This allowed the normal RHR systems to be returned to Haegce
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days following the tsunami, and the units were brought to cold shutdown either on the same
day or the day after RHR had beestored.

2.3 TOKAI DAI-NI NUCLEAR POWER STATIO

The TokaiDai-ni site has a single BWR reactor with a Mark Il containment. At the time of

the earthquake, TokdDai-ni was operating. In response to the earthquake, the reactor
automatically scrammeghutdown). All three ofite power sources were lost and all three
emergency diesel generators started automatically. AlbutiButes after the earthquake a
tsunami flooded the lower level of the site. The maximum acceleration of the earthquake was
lessthan the design basis of the site. However, the tsunambwams (above Htachi Point)

whereaghedesign value (at the construction time) is G6(aboveHitachi Poinj.

The tsunami flooded one bay containing some of the seawater pumps which causssl dif
one of the emergency diesel generators and one source of core cooling when the seawater
cooling function was lost. The other bay containing seawater pumps had previously been

upgraded to be watertight and the bay that was flooded was in thegpajdeeing upgraded.
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3. MAIN FINDINGS, CONCLUSIONS AND LESSONS

3.1 PREAMBLE

These main findings are presenteghinst the globatontext of the IAEASafety Standard
(Fundamental Safety Principles, Requirements and GuashekSafetyServicesand thework

of the threegroups covering external hazardssafety assessment and management
monitoring,emergency preparedness and responseFabeFinding ExperMission visited

three of the sites affecte@ipkai Daini, TEPCO Fukushima Dachi, and Daini. Conclusions

and potential lessons for improvement of nuclear safety are derived as are areas for future
IAEA work, including issues that need further exploration or assessment. The detailed
findings and further infonation upon which these main findings are based are provided in the
form of _Fi ndi n dghe Sppendicesthe finding® ardhedresdlt ofi meetings

the Mission had with various Japanese agencies, including questions and answers, site visits

and examination of documents.

3.2 CONTEXT

On 11 March 2011 Japan sufferedlésgestever recorded earthquake, and within an hour a
series of associated tsunami waves hit the east coast of Japan. These caused massive
devastation. The infrastructure (r@actlectrical supply, communications, etc.) was severely
impaired. Whole towns were destroyed or swept away.

Against this background the operators of nuclear facilities in this part of Japan and authorities
were faced with securing the safety of nuclesilities and people. There are sevenatlear
power plants along theaStCoast of Japathatwere affected.

The worst affected sites are TEPCO Fukushimai€@aiand Fukushima Daii. Fukushima
Dai-ni lost some safety related equipment butsit and onsite power remained available
albeit somewhat degraded. On the other hand, Fukushim&tbdost much of its safety

related equipment from the tsunami and allsifé and orsite power except for one diesel
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generator serving Unit 6. This led toas$ of cooling for the reactors of Wsil, 2 and and
the spent fuel pool of Unit 4in addition cooling of other safety related equipment was
unavailable orinaccessible All these resuled in accident conditions at four units of
Fukushima Daichi NPP.

The response on the sites to the impact of the earthquake and tsunami, particularly at
Fukushima Daichi, was in unprecedented circumstances and has at times required
exceptional levels of leadership and dedication by workers on the sites and elséWhere
Fukushima Daichi they were presented with a more or less complete prolonged loss of
electrical power, compressed air and other services, with little hope of immediate outside
assistance, and having to work in darkness with almost no instrumengaitibrcontrol
systems to secure the safety of six reactorsngotearfuel pools, a common fuel pool and

dry cask storage facilities.

To date naconfirmedhealth effects have been detected in any person as a result of radiation
exposure from the asso@dtnuclear accident. A realistic assessment of doses to individuals
would require the establishment and implementation of appropriate health monitoring
programmes, especially for the most exposed groups of population. Jagsrcreated an
expert group to deal with dose assessments and health surveys of residents. This group
includes staff from the Fukushima Prefecture and Medical Universities, including Hiroshima

and Nagasaki Universities

It is understood that around 30 skers at the Fukushima plant have been exposed to radiation
exposures of between 100 and 288v, although very recent information indicates that some
higher internal doses may have been incurrecsdiyeworkers in the early days. Doses
between 100 and 25énSv, although significant, would not be expected to cause any
immediate physical harm, although there may be a small percentage increase in their risk of
eventually incurring some health effects. Monitoring progremof workers, especially those

in the goup of higher doses and for internal exposures, are necessary as soon as possible to

assist in eliminating any uncertainties and to reassure workers.
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Three workers are reported to have suffered suspected radiation burssotuastic effects)

on their feet/legs from inadvertent exposure to heavily contaminated water in a turbine
basement. After hospital treatment they were released after four days with reported-no long
term likelihood of significant harm. Early on two workers on site were confirmeccas d
(from other than radiation exposure) and several injured. A further worker was reported on
14 May 2011 to have died.

To avert potential radiation exposure to the public, the Japanese authorities took the
precautionary action of instructing those wntlhe first 3km, then 1&km and finally 20km

of the plant to evacuate and those betweekn2Gand 3(km to shelter and get ready to
evacuate. This instruction remains in place after several weeks. Information on the likely
exposure of the public is nget available, although evacuation and sheltering would have
limited exposure. Any early exposure to the public before evacuation or sheltering is also not
yet clear.

While there appear so far to have been few radiological health consequences the societal and
environmental impacts of the accident have been extensive and far reaching, with tens of

thousands of people being evacuated from around the plant, some foodstluifisinking

water restrictions, and significant contamination of the sea. In addition there has been great

public anxiety, both in Japan and internationally, about the possible health and other impacts

of the radioactivity released. Finally, the econoimmipact of the failure of the plant is very

significant.

Ten weeks after the accident there is muchithadt yet known about the accident and others

will in due course examine the sequence of events in detail. In particular, the Japanese
government ha set up an independefrivestigation Committee consisting of scientists,
lawyers and others who have no significant connection with the Japanese nuclear industry to

examine the detailgnd determine responsibilities

The presentlAEA International FactFinding Expert Mssion set out to gather facts and

review them to identify lessons that might be learned to improve nuclear safety worldwide. In
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doing so it recognized that severe accidents can arise from a variety of causes, not necessarily
the direct cases associated with the Fukushima accident, and that therefore the lessons could

have wide applicability.

The IAEA has a system of Fundamental Safety Principles, internation) sad@irements

and guides andesvices. The Fundamental Safety Prinspdre applicable over all areas of

the peaceful use of nuclear energy and radioactivity whereas the safety requirements and
guides are more targeted and constitute the accumulated knowledge and experience of the
world in nuclear safetyver the last fiftyyears, reflecting best practices in Member States.
The IAEA safety services range from engineering safety, operational safety, and radiation,
transport and waste safety to regulatory matters and safety culture in organizations. They are

to assist Member 8tes in applying the standards and appraise their effectiveness.

It is in this context that th&lission has come to the following conclusions and lessons to

improve nuclear safety.

3.3 |AEA FUNDAMENTAL SAFETY PRINCIPLES: GENERAL

The circumstances oféhFukushima accident and the main conclusions and lessons have been
considered in the context of the application of the IAEA Fundam&ahdty Principles to

securing the highest standards of nuclear safety. In general, it is concluded that:

Conclusion 1:The IAEA Fundamental SafetyPrinciples provide a robust basisin
relation to the circumstances of the Fukushima accident andower all the areas of

lessons learned from the accident

While all principles are relevant, tlomes which arenost relevant to the circumstances of this
accident, and under which the conclusions and lessons dfitbsson are summarized, are

discussed below.
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3.3.1 Fundamental Safety Principle 3: Leadership and Management for Safety

This states that effectiveeadership and management for safety must be established and
sustained in organizations concerned with, and facilities and activities that give ,rise to
radiation risks.

The Mission had the opportunity to receive detailed presentations of the scenati® of
accident and its technical management. These presentations were mostly given by TEPCO, at
the headquarters and plant levels. Complementary presentations were also given by
Nuclear and Industrial Safety AgencilIEA), the nuclear regulatprother Geernment
Ministries and agenciesThese presentations were greatly enhanced by site visits which
allowed theMissionto hear and see at first hand the extremely difficult work involved, and
have a concrete view of the practical conditions under whichgbeators had to manage the

accident and to perform their interventions.

The extreme difficulties that the operators on the site had to face in Fukushinthileive

to be once again strongly underlined: loss of all the safety systems, loss of pyaatichk
instrumentation, necessity to cope with simultaneous severe accidents on four plants, lack of
human resources, lack of equipment, lack of light in the installataortigeneral conditions

of the installation after the tsunami and after damageheffuel resulted in hydrogen
explosions and high levels of radiatioAccess to outside resourceend offsite
communications dependent dhe local telecommunication netwonkere alsoseverely
disrupted althoughthe TEPCO in-house communications netwobetween the site and
headquartersad been mostly intact

Understanding in detail the sequences of the accidents in the plantgng eomplex and
difficult task which has to be undertaken in the future. Many uncertainties remain today and
will hopefuly be resolved in the future. However, in view of the information that was
provided to theMission it is considered that, given the circumstances, the local teams have
managed the accident in the best possible way they could. Given the resourcesawailabl
the site and the difficulty of the situation, it is doubtful at this stage that any better solution
than the ones actually chosen could have been realistically implemented. It is therefore

concluded that:
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Conclusion 2: Given the extreme circumstance of this accident the local
management of the accident has beeconducted in the best way possible and

following Fundamental Safety Principle3.

3.3.2 Fundamental Safety Principle8: Prevention of Accidents

This states that all practicable efforts mbst made to prevent and mitigate nuclear or
radiation accidents. A prime aspeanidepththis
Successive layers of protection are provided which are as far as possible independent of each
other and each of which sufficient to prevent harraccurring Defencein-depth covers all

layers of protection: management systems and cultures; site selection; design incorporating
safety margins, diversity and redundancy with appropriate attention taycamdi reliability
requirementspperating systemsccident and emergency arrangements, etc. Detailed safety

analysis is the basis for determining and ensuring the adequacy of these barriers.

3.3.2.1 External Hazards

External hazard, especially those of a natural origicen cause widespread long term
disruption both on and off a nuclear installation,sie&aching regional and national scales.

This was a particular feature of the Fukushima accjdemere the ground motiorfeom one

the most extremeearthquake that hae been recorded in Japan was followed by the
associated large tsunami. It caused a prolonged loss-sit@fbower with disruption of roads

and communication infrastructuen ot e, h owe v e r-houste boemmunidaioRsC O * s
network independent frorthe lacal telecommunication networkas mostly intact after the
earthquake and tsunami, and played an instrumental role in securing communication channels
between the site and headquarters, .et&lthough the plant withstood the effects of the
earthquake, thestinami caused the loss of most safety systems for cooling of the reactor
cores, supply of emergency power and control of containment pressures, etc. It is concluded

therefore that:
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Conclusion 3: There were insufficient defencén-depth provisions for tsunami

hazards. In particular:

1 although tsunami hazards were considered both in the site evaluation
and the design of the Fukushima Daichi NPP as described during the
meetings and the expected tsunami height was increased to 5.7 m
(without changing the licensing documents) after 2002, the tsunami

hazard was underestimated;

T thus, considering that in reality a
operating NPPs, the additional protective measures taken as result of the
evaluation conducted after 2002 wer not sufficient to cope with the high
tsunami run up values and all associated hazardous phenomena

(hydrodynamic forces and dynamic impact of large debris with high
energy);

1 moreover, those additional protective measures were not reviewed and

approved bythe regulatory authority;

1 because failures of structures, systems and components (SSCs) when
subjected to floods are generally not incremental, the plants were not
able to withstand the consequences of tsunami heights greater than those

estimated leadingto cliff edge effects; and

1 severe accident management provisions were not adequate to cope with

multiple plant failures.

The status of multiple plants affected by the tsunami makes them more vulnerable to any
further extreme natural hazards, eviough the reactors are in a shutdown state. It is

therefore concluded that:
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Conclusion 4: For the Tokai Dai-ni and Fukushima Datni NPPs, in the short
term, the safety of the plant should be evaluated and secured for the present state
of the plant and site (cased by the earthquake and tsunami) and the changed
hazard environment. In particular, if an external event PSA model is already

available, this would be an effective tool in performing the assessment.

Short term immediate measures at Fukushima Daichi NPP need to be planned
and implementedfor the present state of the plant beforea stable safe state of all
the units isreached. Until that time the high priority measures against external
hazards need to be identified using simple methods in order to hava timely
plan. As preventive measures will be importanbut limited, both on-site and off

site mitigation measures need to be included in the plan. Once a stable safe state
is achieved a long term plan needs to be prepared that may include physical
improvements to SSCs as well as eite and oftsite emergency measures.

To ensure that all plants are robust to such external events in the longemtétonought

under greater regulatory contrdlis also concluded that:

Conclusion 5: An updating of regilatory requirements and guidelines should be
performed reflecting the experience and data obtained during the Great East
Japan Earthquake and Tsunami, fulfilling the requirements and using also the
criteria and methods recommended by theelevant IAEA Safety Standards for
comprehensively coping withearthquakes, tsunamis and external flooding and,
in general, all correlated external events. The national regulatorydocuments
need to include datdase requirements compatible with those required by IAEA
Safety Standards. The methods for hazard estimation and the protection of the
plant need to be compatible with advances in research and development in

related fields.

From a wider perspective, it is considered that worldwide nuclear safety could be improved in

the context of enhanced protection against external hazards, in particular:
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Lesson 1: There is a need to ensure that in considering external natural hazards:

1 the siting and design of nuclear plantsshould include sufficient
protection against infrequent and complex combinatiors of external
events and theseshould be considered in the plant safety analysi$
specifically those that can cause site flooding and which may have

longer term impacts;

1 plant layout should bebased on maintaining a 0«
where practicable as a defencen-depth measure against site flooding
as well as physical separation and diversity of critical safety systems;

1 common cause failureshould be particular ly considered for multiple
unit sites and multiple sitesand for independent unit recovery options

utilizing all on-site resourcesshould be provided

1 any changes in external hazard or understanding of them should be
periodically reviewed for their impact on the current plant

configuration; and

1 an active tsunami warning systemshould be established with the

provision for immediate operator action.

3.3.2.2 Severe accidents

Traditionally, nuclear safety design has been based on the concept that the plant will be
designed to wititand all normal conditions and reasonably foreseeable abnormal/fault
conditions with a margin. The design basis usually excludes very remote events or
combination of events- those typically with a lesser probability of occurrence than 1 in

10000 to 100 00 per year. However, the designer is also expected to consider beyond design
basis events to see whether more can reasonably be done to reduce the potential for harm,
especially where major consequences may ensue. Severe accidents, with significant
consegences, require particular attention in design, management and emergency response
arrangement s. Nor mal | vy, speci al operating pr

Guidelines"® are developed for this.htedtha s r ev
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following matters.

Lesson 2: Forsevere situations, such as total loss of edfte power or loss of all
heat sinks or the engineering safety systems, simple alternative sources for these
functions including any necessary equipment (such as mobile power, compressed

air and water supplies) should be provided for severe accident management.

Lesson 3: Such provisions as are identified in Lesson 2 should be located at a safe
place and the plant operators should be trained to use them. This may involve

centralized stores and means to rapidly transfer the to the affected site(s).

This was atarly demonstrated at Dai where the laying of a completely independent power

supply route for provision of cooling in the longer term (involving installing 9 km of heavy
electrical cabling in 16 hours) was effective in curtailing the development olvexese

accident. Similarly, at Dachi fire tenders were used in series to #a waterinto an
intermediate pit for further transfer to provide reactor cooling. Additionallyndmmal diesel

generators at th&okai Daini and Fukushima Dani siieswee augmented by JAF
TEPCO's fl eet of mo b ifdr doss ifi powee to eleceicalesupply o r s
customersyhich maynot always available in other countri€&om such experiences, NISA
organized a set of immediate measures for existingtplavhich addresses the matter
including those identified in Lesson 2 and LessoNISA, on 30 March 2011 equested all

of the utilities to implement them without delay.

The response to severe accidents being outside normal design and operating provisions
presents special resource, management and instrumentation and control arrangements. This is
particularly the case where multiple plants are involvedcasirred at Fukusima Datichi. It
was apparent that more resources were required than what was available on site. In addition,
there is a need for dedicated hardened capable facilities to manage and control the event. This
was available and very effective at the FukushDegichi and Daini sites. Thisprovides

lessons for improvement of worldwide nuclear safety, viz:

Lesson 4: Nuclear sites should have adequate -site seismically robust, suitably
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shielded, ventilated and well equipped buildings to house the Emergency
Response Centres, with similar capabilities to those provided at Fukushima Dai
ni and Dai-ichi, which are also secure against other external hazards such as
flooding. They will require sufficient provisions and must be sized to maintain the
welfare and radiological protection of workers needed to manage the accident.

Nevertheless, the response at least at Fukushim&lavashampered by a lack of reliable
safety related parameters and communications and this may be a general positiear

countries Thus:

Lesson 5: Emergency Response Centres should have available as far as
practicable essential safety related parameters based on hardened

instrumentation and lines such as coolant levels, containment status, pressure,

etc., and have sufficient secureanmunication lines to control rooms and other

places onsite and offsite.

There were particular c h al diclei herause ofathéhigif EP CO "

radiation fields, and with the tsunami and explosions there was considerable debris disrupting
normal routes. Additionally, control room access was limited and safety related
instrumentation was generally not available or unreliaBlevere Accident Management
Guidelines (SAMG) and associated procedures generally assume that instruments, lighting
and power are available. This may not be the case. In addition, these documents do not
consider the possible state of the plant and the local environmental conditions such as the
radiation field that may preclude manual actions from being taken. Consequendy,

considered that:
Lesson 6: Severe Accident Management Guidelines and associated procedures
should take account of the potential unavailability of instruments, lighting, power

and abnormal conditions includingplant state and high radiation fields.

The assessment performed by the Mission also highlighted several lessons related to the

arrangements for severe accident management to improve nuclear safety, viz:
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Lesson 7 External events have a potential of affecting several plants and several
units at the plants at the same time. This requires a sufficiently large resource in

terms of trained experienced people, equipment, supplies and external support.
An adequate pool of experienced personnel who can deal with each type of unit

and can be called upao to support the affected sites should be ensured.

Particular difficulties were experienced in responding atthe P CO‘ s F Dd-iohs h i ma
site because of the hydrogen explosions. This may not be adequately taken intoiadbeunt

plant safety casegdign and protective measur&$us, it is considered that:

Lesson 8 The risk and implications of hydrogen explosions should be revisited

and necessary mitigating systems should be implemented.

One aircooled EDG in Unit 6 at Fukushima DBiahi survivedpartially because it was air
cooled and partially because it was effectively protected against floodiegsued the
protection of Units 5 and 6 (others a®awatercooled or are air cooled but their associated
electrical panel and cables were inundated). This demonstrates the benefits of diverse

provision of essential safety related services:
Lesson9: Particularly in relation to preventing loss of safety functiondity, the
robustness of defencén-depth against common cause failure should be based on

providing adequate diversity (as well as redundancy and physical separation) for

essential safety functions.

3.3.3 Fundamental Safety Principle9: Emergency Preparedmess and Response

This states that arrangements must be made for emergency preparedness and response for

nuclear or radiation incidents.

3.3.3.1  Off-site Emergency Arrangements to Protect the Public and Environment
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The Japanese emergency arrangementdveseveral layers and different organizations with
decision making at high level. Normally, less complicated arrangements are used and
decisions such as instigating evacuation made at more local level to ensure that
countermeasures are timely and conddan an orderly way. The earthquake and tsunami
degraded the ability to implement effective -sffe monitoring in the early stages of the
accident. Thus, greater reliance would have had to be placeddanstanding the accident,

its likely progressionrad off-site impact. From th&lission's review and observations it is

concluded that:

Conclusion 6: Japan has avell organized emergency preparedness and response
systemasdemonstrated by the handling of the Fukushima accident. Nevertheless,
complicated structures and organizations can result in delays in urgent decision

making.

Conclusion 7: Dedicated and devoted officials and workers, andwell organized
and flexible system made it possible to reach an effective response even in
unexpected situations and prevented a larger impact of the accident on the health
of the general public and facility workers.

The fast changing plant circumstances and absence of real timmatifor on the plant
conditions led to the need to take several consecutive countermeasures to protect the public
rather than the expected reliance on dose measurements. In the first days after the accident,
the environmental monitoring programme failed diwe damage of equipment by the
earthquake and tsunami. This indicates the need for hardened instrumentation,
communication,etc. to provide necessary information for -site and oftsite response

management and for early efite monitoring capability.

Lesson 10 Greater consideration should be given to providing hardened systems,
communications and sources of monitoring equipment for providing essential

information for on -site and off-site responses, especially for severe accidents.
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The effectiveness dfhe Japanese response seemed not to have been impede@rine rel
more on highlevel lawsthan detailed emergency plans under them. Howewamally
effective response is sustained for a range of scenarios through having well established
intervention leves and associated plar@ther systems may not be as effective in responding

to different scenarios and should be assessed against sy $andards for ensuring

robust responses to severe accidents.

Lesson 1: The use of IAEA Safety Requirements(such as GSR-2) and related
guides on threat categorization, event classification and countermeasures, as well
as Operational Intervention Levels, could make the ofbite emergency

preparedness and response even more effective in particular circumstances

A concept of long term indoors sheltering was introduced in some areas to booster long term
countermeasures but this has been found not to be practicable and has been replaced by other
more established measunesing guidelines of thinternational Commssion on Radiological
Protection [CRP) and IAEA

Lesson P: The use of long term sheltering is not an effective approach and has

been abandoned and concepts of 6del i ber
prepared aread wer e i nt mocdunterreedsurésosmg ef f ec
guidelines of the ICRP and IAEA

The knowledge of the source term involved in an accident is considered of paramount
importance to reach a clear understanding of the event and to determine the possible extent of
its radiological inpact on the public and the environment. The Fukushima accident provides a

unique opportunity to extend understanding in this area.

Lessons B: The international nuclear community should take advantage otthe
data and information generated fromthe Fukushima accident to improve and
refine the existing methods and models to determine the source term involved in

a nuclear accident and refine emergency planning arrangements.
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A proper assessment dbses could contribute to defining and optimizthg strategy for
individual health monitoring. Direct monitoring of exposure, using suitable equipment (such
as personal contamination equipmerahd the use of the results of the environmental
monitoring, could help in achieving a realistic assessmerdoses, and so enhance the

confidence of the population, addtermine health trackingrogrammes.

Conclusion 8: A suitable follow up programme on public exposures and health

monitoring would be beneficial.

3.3.3.2 On-site Emergency Arrangements to Protect Workers

During the Fukushima accident the extensive disruption from the earthquake and tsunami on
and off the sites made the implementation of the nuclear emergency arrangements extremely
challenging, sometimesaking it impossible to fully follow well established procedures and
practices on site. However, the ability of the site management to effectively control doses in
exceptional circumstances was commendable. This was further reinforcedhby t ea m*® s
experiew e a t-Vi tl H eeogradidationcentre, where it appeared that around 2000 workers

a day were being provided with full face masks and other radioactivity protectioweti a
organizedand effective way. Similarly, at all the sites visited by Mission, including
Fukushima Daichi with its severe problems, effective health physics protection was evident.

The organization, discipline and devotion during the response to this most complex nuclear

multiple accident is an example to all.

After the accident, the operator gradually improvedsiba radiological monitoring, and
comprehensive radiation maps of the site are currently available and updated on a periodic
basis. This information is used to classify the radiological areas in térexposure risks and

to determine the protection equipment and procedures to be employed by workers in their
tasks. Extensive use of the radiological maps to optimize protection of workers, including the
establishment of clear physical barriéetweenthe radiological areas, are used to separate
those in the highest risk category to prevent possible unexpected or unauthorized entries.

53



IAEA

Conclusion 9: There appears to have been effective control of radiation exposures on

the affected sites despite the sewvedisruption by the events.

Lesson 4. Large scale radiation protection for workers on sites under severe
accident conditions can be effective if appropriately organized and with well led and

suitable trained staff.

Lesson b: Exercises and drills for onsite workers and external responders in order
to establish effective orsite radiological protection in severe accident conditions
would benefit from taking account of the experiences at Fukushima.

3.4 |AEA SAFETY REQUIREMENTS AND GUIDES

A particular fe@ure of the Fukushima accident was the need to deal with serious events at
several reactors on the site. This aspect has implications forptauiti siting, design, layout,
operation and emergency response arrangements. Detailed safety analysis ajréssipro
of the accidents at each of the units at Fukushimaiddaiwould provide a basis for
additional lessons for improving IAEA Safety Requirements and Guides, as appropriate.

Lessons should be learned from this experience and it is concluded that:

Conclusion 10: The IAEA Safety Requirements and Guides should be reviewed to
ensure that the particular requirements in design and severe accident

management for multiplant sites are adequately covered.

3.5 |AEA SAFETY SERVICES

The IAEA has in place a series of services NoemberStates to use to check and enhance
their safety arrangemeniBhese have grown over the years and become more comprehensive.
Developments in these services reflect the periodic review and updatiAgEAf Safety
Requirements and Guide3f particular note has been the expansion of capability to provide a

review of provisions for extreme external hazarfiee circumstances of the Fukushima
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accident indicate that the use of these services on a periasi€ tould be beneficial in

ensuring that the best international practice is sustained across Member States.

Conclusion 11: There is aneed to consider the periodic alignment of national
regulations and guidance to internationally established standards ahguidance
for inclusion in particular of new lessons learnedrfiom global experiences of the

impact of external hazards.

Future Missions and Work by the IAEA on Fukushima

3.4.1 Road Map to Restoration

The roadmap towards restoration from the accigea® presented to thdissionby TEPCO

and NISA. This roadmap appears to be ambitious but achievable and to include the issues to
be addressed in order to insure sustainable safety as well as protection of the environment.
Some subjects appear to be of patar importance such as the installation of sustainable
cooling systems for the reactor cores and spent fuel pools, the treatment of the highly
contaminated water contained in the basements of the buildings as well as the sheltering of the
damaged reactdouilding in order to protect the environment against further releases. The
Mission acknowledged the importance and relevance of the roadmap and considered that it
could be a subject for extended international collaboration, if so wished by theedap
Government, led by the IAEALt noted that given the circumstances on the site, it may require

modification as new or unexpected circumstances are revealed.

The roadmap could usefully be seen as a vital component of a wider plan that could result in
remedation of the areas off the site affected by the radioactive releases to allow people
evacuated to resume their normal liv€kis would be a useful demonstration to the world of

what can be achieved in responding to such extreme nuclear events.

3.4.2 External Hazards
There is much to be learned in the area of earthquake preparedness and hazard assessment for

NPPs in Japan. It is therefore concluded that
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Conclusion 12: The Safety Review Services available with IAEASSC would be

usefulinassisting) apanodés devel opment in the foll owir
1 External event hazard assessment
1 Walkdowns for plants that will start up following a shutdown and

1 Pre-earthquake preparedness.

3.4.3 Off-site Emergency Response
There is potentially much to learn from the Jegme experience of operating effective
emergency responses on and off nuclear sites in extreme circumstances. It is worthy of a more

detailed study than was possible in this sMigsion It is therefore concluded that:

Conclusion 13: A followrup mission including EPREV should look in detail at

lessons to be learned from the emergency response on and off the site.

3.4.4 Organization of Large Scale Radiation Protection for Severe Accident Conditions

As noted above, despite the severity of the acciderdate the organization for large scale
radiation protection on and off the site appears to have been very effective. There may be
several lessons for other nations in developing their arrangements in this area and therefore it

is concluded that:

Conclusion 14: A follow-up mission should be conducted to seek lessons from the
effective approach used to provide large scale radiation protection in response to

the Fukushima accident.

3.4.5 Follow-up IRRS Mission

The main objective of théMlission was to collet facts and to perform a preliminary
assessment of the Fukushima accident for worldwide learning. Most of the investigations
were therefore directed towards technical issues related to nuclear safety and radiation

protection of the population and the eoviment. However, the investigations performed by
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the Mission allowed it to perceive more general issues related to the framework for safety in
Japan, to the clarity of the allocation of responsibilities and to the independence of the
regulator. The diffenat contacts of the team with the key players in the management of the
accident gave the impression sbme lack of consideration for the system and mutual
recognition of its participantsSome presentatien suggested, for example, that the
government hashe direct responsibility for safety, whilkhe IAEA Fundamental Safety
Principle 1 specifies that this responsibility rests with the utility. Nevertheless, from
discussios it is apparent that the site directors at-izghi and Daini recognized their prime

responsibilities and acted accordingly.

On the other hand, the local managers of the plants néededcentrate on effective @ite

response rather than serving the needs of wider stakeholders. More generally, it also seems
that interactions between NISA and TEPCO could benefit fttmdevelopment of technical

depth rather than formal regulatory relations. This may need an enhaacn t of NI SA

technical capability.

The respective roles ahe Nuclear Safety CommissioWN$C) and NISA are formally
defined;however some clarification seesmecessary in their actual fields of intervention and
respective contributions. Finally, thedependence of NISA does not appear clearly in the
organization put in place to manage the Fukushima accident. The two last points were already
highlighted as a result of the IRR®&ission performed in Japan in 2007. Additionally, care

has to be exercigdein the respons¢ o nucl ear accidents that t h
prime responsibilities for nuclear safebn sites arenot transferred to the regulator or

government.

Lesson B: Nuclear regulatory systems should ensure thategulatory independence
and clarity of roles are preserved in all circumstances in line with IAEA Safety
Standards.

IAEA FundamentalSafety Principles 1 and 2 form the basis for effective general nuclear

arrangements in a countryheir application provides for the establishinehthree distinct

roles for the utility, the regulator and governmelmt. summary, the utility has prime
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responsibility for safety and as such has to ensure that it takes appropriate decisions and
actions.The regulator oversees the activities of théitutand ensures that it meets its legal
obligations through assessment, inspection and enforcement (which can include advice) but in
doing so it should not take decisions that make it effectively responsible for Sifeiiarly,

t he gover ntoensure that there areapprapriate laws and regulations in place, that
the regulator has the means (resources, technical capabilities, powergo epcovide
effective oversight of the utility, and that the regulatoreftectively independent of the
licensee and of any other body, so that it is free from any undue pressure from interested
parties These roles and responsibilities should not be confused, even in emergency situations.
However, in such circumstances closeoperationis required to ensar that optimum
protection of the public is ensured and that relevant information is availdlieis especially
important in severe accidents when-site countermeasures may be required over extensive

areas and need to be enacted through various agesradepartments.

The implementation oé follow-up IRRSMission would be a good occasion to assess the
current situation and its evolution since 2007. Such a mission could provide a useful and
independent input to the Japan&€severnment as a complenteto the conclusion of the
independent Investigation Committee, set up by the Japanese Governnessess the

management of the Fukushima accident.

Conclusion 15: A followrup mission to the 2007 IRRS should be conducted in
light of the lessons to be leaed from the Fukushima accident andthe above
conclusions to assist in any further development of the Japanese nuclear

regulatory system.
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IAEA International Fact Finding Expert Missionof
the Fukushima Datichi NPP Accident Following the
Great East Japan Earthquake and Tsunami
Japan
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External Hazards

|IAEA 2011
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: Al1-01

Assessment Area:

Al - EXTERNAL EVENT OF NA TURAL ORIGIN

Facility: FUKUSHIMA DAI -ICHI NPP
Unit: UNITS1TOG6

Finding Title: EARTHQUAKE HAZARDS
2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The site of a nuclear installation shall be adequately investigated with regard
characteristics that could be significant to safety and possible external natural and
induced hazardous phenomena.

In this contextearthquakes pose a significdrazard to nuclear installation and they are
of the most important natural events to be adequately investigated and evaluated.
regard, —..t he seismol ogical and geol o
geological aspects and gedtea i ¢ a | aspects of the prop
Evaluation for Nuclear InstallationdlS-R-3, 2003, paragraph 3.&tates the following ke
requirements:

- —formation on prehistorical, historical and instrumentally recorded earthquake
the region shall be collected and documeiited

- —Fhe hazards associated with earthquakes shall be determined by me
seismotectonic evaluation of the region with the use to the greatest possible e
the information collectedll ( Ref 33) 1], par a.

- —Hazards due to earthquake induced ground motion shall be assessed for the <
account taken of the seismotectonic characteristics of the region and speci
conditions. A thorough uncertainty analysis shall be performed as part o
ewvaluation of seismic hazardsl ( Ref . [ 1], para. 3. 4.

- —Fhe potential for surface faulting (i.e. the fault capability) shall be assessed f
site . . .Ih(Ref. [1], para. 3.5.)

The above mentioned IAEA Safety Requirements are supported by the d
recmommendations provided in the newly revised Safety Guide -S$Gn which
methodologies and criteria for assessing the seismic hazards and, particularly, the
ground motions and the potential for fault capability are provided.

The general approach teeismic hazard evaluation should be directed towards reducin
uncertainties at various stages of the evaluation process in order to obtain reliable
driven by data. Experience shows that the most effective way of achieving this is to ¢
sufficient amount of reliable and relevant data. There is generally a toéidbetween the
time and effort necessary to compile a detailed, reliable and relevant database a
degree of uncertainty that the analyst should take into consideration atséeghof the

65



IAEA

process-i nAtrumpneal 6 data on historica
instrumental recording was possible) should be collected, extending as far back in t
possible. Palaeoseismic and archaeological information @tohcal and prehistorica
earthquakes should also be taken into account.

Consequentlyafter detailed hazard characterization is done, the plant shall be desig
withstand the seismic events according to specific design bases determined as tesu
hazard assessment, as indicated in IAEA Safety Requirei8afdsy of Nuclear Powe
Plants: Design, N&-1, 2000 Paragraphs 5.16 and 5.17. Moreover, paragraph 5.22
t h a t The-seismic design of the plant shall provide for a sufficient safetjimta protect
against seismic evelfits

To comply with such design requirement
Qualification for {Gtl6,2@03 providedstailed rdedmmandadi
for design of systems, structures andnponents according to their safety significance
following the recognized international engineering practice and consensus at the time.

Finally, the evaluation of the seismic safety of existing power plants should be condu
required by:

(@) Evidenceof a seismic hazard at the site that is greater than the design
earthquake arising from new or additional data (e.g. newly discovered seismo
structures, newly installed seismological networks or new palaeoseismolo
evidence), new methods eéismic hazard assessment, antiler occurrence of
actual earthquakes that affect the installation

(b) Regulatory requirements, such as the requirement for periodic safety reviews
t ake i nto account the _state ofthe k
installation;

(c) Inadequate seismic design, generally due to the vintage of the facility;

(d) New technical findings, such as vulnerability of selected structures, systen
components;

(e) New experience from the occurrence of actual earthquakes

(H The need t@address the issue of performance of the installation for beyond de
basis earthquake ground motions in order to provide confidence that there
cliff e dig.af aredarthquakie évere to occur that were slightly gree
than the design basearthquake, to demonstrate that no significant failures wc
occur in the installation;

2.2.7 FINDINGS AT FUKUSHIM A-DAI-ICHI NPP

General framework on applicable regulatory requirements and guidelines in Japan
- At the time of the construction permit (from 1966 to 1972 for units 1 to 6) of Fukus
Dai-ichi NPP, the applicable and related regulatory requirements were those indic

the Regulatory Guide for Review Nuclear Reactor Site Evaluation and Appiic
Criteria, issued by the Nuclear safety Commission (NSC) in 1964 and revised in

and in the Regulatory Guide for Reviewing Nuclear Reactor Safety Design, isst

NSC in 1970 and revised in 1977, 1981, 1990 and 2001 which provide g
requiremerg on the need that safety related structures, systems and components

shall be classified/categorized for seismic design on the basis of importance of thei
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functions and the effects of earthquake caused losses of functions should nottbed
by this natural hazards.

- Professional associations in Japan issdethiled guidelines for seismic design as
Japan Electric Association, Technical Guidelines for Seismic Design of Nuclear
Plants, JEAG 4601970, JEA, (1970) and JEAG 46Q987, JEA, (1987).

- In 2006 NSC i1issued t he new Regul ato
Reviewing Seismic Design oghidahntc&dp adégaacy o
the seismic desigfor nuclearpowerplans.

- Accordingly, NISA requested thall NPPs should undergo a back checkifumbasis of
the new 2006 NSC guidelines which include the need-&vaéuate the seismic hazards
the NPP sites to obtain the new so <c
DBGM Ss and to execute theequired upgrades. The experience gained from
KashiwazakiKariwa case was also part of this process. It should also pointed ou
that the NSC guidelines require to perform a residual risk evaluation to take accoun
possibility of occurrencef an earthquake ground motion that may exceed the DBGV

- As indicated in Finding Sheet on Tsunami Safety, in the meeting with NSC authori
was indicaked that the NSC guidelines are not legally binding and they are
—r egul at i on selpracide theycare gdnsidered ag duch. It was also exp
that these guidelines will be revised in view of recent experiences and lessons learr

The Great East Japan Earthquake of 11 March 2011
- The Magnitude Mw 9.0 earthquake occurred at 14:48oMarch 2011, off the Pacifi
coast of the Tohoku region in the subductzame. The hypocentre was located at 24
depth and the epicentre at a distance of about 180 km from FukushiAehDNPP site
and 130 km from Onagawa NPP site. Its duration veag long, about 14060 sec, anc
2-3 significantpulses are present in the observed records. The following graph sho
observed records in a number of locations in the coastal zone of east Japan.
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At Fukushima Daichi NPP:
1.
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The JMA Japan seismic intensity, showing the damage produced by the earthqu
towns near the Fukushima Biahi and Daini sites was 6+ (maximum value of the J\
scale is 7).

In Appendix XX of this report see detailed maps and graphs describingshecsevent.
Regarding the observations of the ground motions at the NPP sites the fol
information on the maximum response accelerations at the level of the foundatic
mats of the six (6) units at Daihi and the four (4) units at Dai was reeived during the
meetings including comparisons with the original earthquake design basis (i.e. S1
level) and the back check DBGM Ss values. Basically, the following 3 sets of value
provided:

Maximum acceleration alues (gal) at base mat levalbserved during the 11 March
2011 Earthquake first 3 columns for NS and EW horizontal and UD vert
components, in red.

Maximum response acceleration values (Gals) corresponding doigiieal design basis:
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1 The original design basis,defined according to the criteria valid before
establishment of the NSC Regulatory Guidelines:
180 Galsas direct input to the basemat of BeactorBuilding.
270 Galsfor confirming function maintenance.

180Gal

AN

Ui

1 The Standard Seismic Ground Motion S1 and S2.as defined after th
establishment of the NSC Regulatory Guidelines:
S1=180 Gals
S2=270 Gals and 370 Gals
, Which were defined at the free surface of the base stratum, locQde-206m
1 Static SeismicAcceleration
According to the Japanese Building Standard, the static shear force on the b
is calculated as follows:
Building Standards).2G * Coefficient * weight =195.8Gal * Coefficient * weigh
Wi t h t he —Coef ficientl cral r Characierostit
Coefficientl. I n t he case of F1,
Therefore, for the Reactor Building:
195.8Gal * Coefficient * 3 * weight = 195.8Gal * 0.8 * 370 Gals
3. Maximum response acceleration values (Gals) cporeding to the newly estimate
Design Basis Ground Motion (DBGM) according to the September 2006 N
—Regul atory Gui de for Revi ewing Se
Facilitiesl, or back check requireen
stratum, which should be the envelope of three different types of seismic source
Ss1= 450 galdor inland crustal and interplate earthquakes
Ss2= 600 galdor oceanic deep intraplate earthquakes
Ss3= 450 galdor diffuse seismicity
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During theMission, no comparison was made between the observed spectra with the desi
since they were not made available to the Review Team. Regardingathaeqoelerations at tr
foundation base mat level, the recorded maximum response accelerations exceeded the
design value for S2 earthquake from 1.13 to 2.2 times, with exception of Unit 6 that sh
exceedance.

Regarding the values adopted tbe back check evaluation, it was not clear to the Review 1
whether this comparison with observed values is valid since no detailed information was p
regarding the physical upgrades effectively executed. The information provided indicat
only some upgrading on piping supports was performed.

At Fukushima Dani NPP:

A A

450Gal
600Gal

Free surface ;of
the base stratum

The estimatedalues at base mat levels for the six units are indicated in colw@r
following table.

Records of Observations at Base-mat Slab of Reactor Building at Fukushima Daiichi NPS

Maximum response acceleration value (Gal)

Maximum acceleration value Static
from observation records (Gal) New design-basis Original design-basis horizontal
seismic ground motion Ss seismic ground motion | acceleration

Gal
NS EW ub NS EW up NS EW e

Unit1| 460 447 258 487 489 412 245
Unit2]| 348 550 302 441 438 420 250
Unit3] 322 507 231 449 441 429 291 275
Unit4| 281 319 200 447 445 422 291 283
Unit5| 311 548 256 452 452 427 204 255
Unite| 298 444 244 445 448 415 495 500

* [Jindicates the observed value was beyond the response of Ss, the others were under the response of Ss.

470

S=»
Unit 3 Unit 4
P. O.P.
+10.0m +10.0m
O.P.-2.06m

All rights reserved. Tokyo Electric Power Co., Inc. 1

[ J
€3 TOKYD ELECTRIC POWER COMPANY
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Records of Observations at Base-mat Slab of Reactor Building at Fukushima Daini NPS

Maximum accelaration valse Maximum response acceleration value (Gal)

from observation records New design-basis Oviginal design-basis hn?itzﬂ;i:m
(Gal) seismic ground motion S8 | seismic ground motion | acceleration
NS EW ubD NS EW uD NS EW (==
Unit1] 254 230 305 | 434 | 434 512 372 372
Unit2 | 243 196 | 232 | 428 | 429 | 504 317 - 309 470
Unit3| 277 | 216 | 208 | 428 | 430 | 504 | 196 | 192
Unit4 | 210 205 | 288 | 415 | 415 | 504 199 - 196

* All observed maximum acceleration values were under the response of Ss.

. S5
Unit 1
Op Op
+12.0m

0P £0.0m

& e
e : Seismomeler

At Tokai Daini NPP:

During the meetings afokai Daini NPP it was asked that although the back check has
completed regarding the seismic hazard assessment of the DBGM and some upgrac
performed, which is the seismic margin against the original design basis. It was answered
_pl ant einmugthromghnd no detailed informati
crack monitoring programme is in place to determine whether or not the earthquake pr
new cracking in concrete structures.

37 CONCLUSIONS 01/06/2011

1. Although it appears that the Great East Japan earthquake exceeded the licensir
design basis ground motion of the 1F plant at the level of the foundation base me
units, according to the information provided by TEPCO and NI8¥, operating ints
were automatically shutdown and all plants behaved in a safe manner, durir
immediately after the earthquake. It was also confirmed that in some cases the o
values even exceeded the recently determined maximum response acceleratiot
showing apparently an underestimation of the new DBGM Ss.

2. It was also reported thate three fundamental safety functions of (a) reactivity contro
removal of heat from the core and (c) confinement of radioactive materials were av
until the tsinami reached the sites.

3. Based on the reports from Japanese experts and plant personnel, safety related s
systems and components of the plant seemed to have behaved well for such
extreme earthquake, possibly due to conservatisms irtieddat different stages of tt
design process.

4. The underestimation of the hazard in the original hazard study as well as in more
re-evaluations mainly result from the use of recent historical seismological data
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estimation of the maximunmagnitudes especially associated with the neighbot
subduction zone east of the sites.

41 LESSONS LEARNED 01/06/2011

- Although not applicable to the 1F case considering the present and future status,
cases of 2F andlokai Dakni the reevaluation of the seismic hazard at the site shoul
again conducted to take due account of new data and lessons learned from the G
Japan earthquake for characterizing the seismogenic sources and perform the n
safety upgrading irexpedited manner. This will also contribute to assess the risk d
the short and intermediate period at units with prolonged shutdown when safety m
should be taken for the potential occurrence of future events. Detailed inspecti
walkdown pogrammes should be conducted.

- It should be recognized worldwide the need to consider potential maximum seismic
greater than those observed or recorded in historical time. Although the need to c
prehistorical and historical data is weBtablished in the international safety requirem
for assessing the natural hazards at nuclear installations, this has not been f
especially in older nuclear power plani$e current IAEA safety standards establis
clear time scale (going bado historical and prehistorical eras) as well as tect
capacity considerations in the estimation of maximum magnitudes associate
seismogenic structures. There is a need for Member States regulations to refle
considerations both for thewebuild as well as for revaluation of existing NPPs.

- Japan has undergone a seismic hazaaVatuation (back check) recently on the basi
recent investigations and data. However, it was confirmed that these assessme
exceeded by the March 20&%ent. This experience shows the importance of a perm
oversight of the potential hazards and of performing all required actions for f
necessary measures for maintaining and increasing the safety level.

- An appropriately conservative approach to seismic hazard analysis, such as recom
in the IAEA Safety Guide SSG, would significantly decrease the need for a cons
review and revision of seismic design bases at NPP sites.

- The Fukushima experient@as also shown that there is a need to have in place a con
and comprehensive peaarthquake planning and pesarthquake response actic
programme for all NPPs worldwide.
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FINDINGS SHEET

1. EXTERNAL EVENT OF NATURAL ORIGIN Finding Number: A1-02
Facility: FUKUSHIMA DAI -ICHI NPP

Unit: UNIT 1-6

Assessment Area: EXTERNAL EVENTS OF N ATURAL ORIGIN

Finding Title: TSUNAMI HAZARDS

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

Tsunami waves and associated phenomena may produce daw®ge to installations locats
in coastal areas. Current IAEA safety standards require that, the potential for tsunamis
affect nuclear power plant safety and the determination of its characteristics shall be a
taking into considerationrg-historical and historical data and all types of associated haz
with account taken of any amplification due to the coastal configuration at the site.

Safety RequiremeniSite Evaluation for Nuclear Installations, N&3, 2003, paragraphs 3.24
3.28.)

Consequently, if such potential exists and detailed hazard characterization is done, the p
be designed to withstand the event according to specific design bases determined as res
tsunami hazard assessment, as indicated iR\ I8&fety RequirementSafety of Nuclear Powe
Plants: Design, NR-1, 2000 Paragraphs 5.16 and 5.17.

To comply with such requirements the |
Power Plants on Coastal and River Sites;®S . 5 , 2 00 3, nahHEvents &xcluding
Eart hqguakes i n the De s i g n-G-105f 2008,uprovideadetaile
recommendations according to the recognized Member State practice and consensus at
In NS-G-3.5 the need to characterize. qum, drawndown and associated phenomena
hydrodynamic forces, debris, sedimentation, etc.) is clearly recommended (Paragraphs 1
11.22),

Particularly, in relation to flood events, it is recommended that all items important to
should be constructed almthe level of the design basis flood with account taken of wind
effects and effects of the potential accumulation of debris. This is tHoeasb | e d

concept which is preferred in many Member States to the alternative solution of per
external barriers such as levees, sea walls and bulkheads, which require periodic insf
maintenance, monitoring as features important to safety. In both cases, redund:
conservative measures shoul d be racerstesnin the
overtopping of the protection, such as ensuring the waterproofing and a proper design
necessary to provide the capability to shut down the reactor and maintain it in safe sk
conditions (paragraphs 13.5 and 13.6 ofGIS.5).

Recently, a revision of the Safety Guide -8S3.5 was developed to consider new d
information and lessons learned mainly from the 2004 Indian Ocean tsunami and the dra
guide, numbered DS417 has been approved by the IAEA Safety Committdadiimahe
Commission of Safety Standards) and it is ready for publication. This new version mainte
concepts and recommendations mentioned above and provides more detailed recommg
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related to the protection of NPPs against the effects oaitsisnAs an Annex to this safet
guide draft-which is not considered as part of the standardeference to current practice
Member States is included and Japan and USA are the countries providing such example

In addition to the effects produced lbgriation of water levels (maximum and minimum)
hazardous effects of tsunami wawe alsastrong currents in harbours and bays, bores in ri
estuaries and lagoons, ahdge hydrodynamidorces. Sedimentation phenomena, includ
deposition and esion, may also be generatdingto large forces at the sélaor.

The following parameters should be defined, as illustrated in the diagram. They are ir
here for a common understanding of the terminology used in this report:

1 Run up: elevation reehed by the tsunami wave at the inundation limit or inundation |
1 Water level at shoreline
1 Maximum water level
1 Inundation area (or horizontal flooding area)
Inundation
AM line or
‘5UN / limit

1

TSUNAM/

water level RUN-UP

L

INUNDATION
HORIZONTAL FLOODING
DATUM is mean sea level Maximum Water Level may be

or mean fow water at time located at shoreline or the inundation
tsunami attack. line or anywhere in batween,

2.2.71 FINDINGS AT FUKUSHIM A-DAI-ICHI NPP:

Before 11 March 2011

- The tsunami hazard at Fukushimai-ichi NPP site was initially estimated at the time of
construction permit (from 1966 to 1972 for units 1 to 6) based on the data and obse
from the tsunami generated by the Magnitude 9.4 Chile Earthquake @ TB6 desigr
maximum height was defined #8.122 mover mean sea level (msl) as the observed
levels at Onahama porin Fukushima prefecturdocated 50 km South of the site.
reported in the working group meeting (by NIS#)s value still represents the official
licensing design basis for flooding generated by tsunamighe site level for locating th
SSCs (structures, systems and components) at the water intake area was selected a
while the plant grade level (i.e. elevation of the readtuilding) for Units 14 was
established at +10.00 m and for Unit§ &t +13.00 m.

- At that time, the applicable and related regulatory requirements were those indicate
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Regulatory Guide for Review of Nuclear Reactor Site Evaluation and Appfic&titeria,
issued by NSC in 1964 and revised in 1990, and in the Regulatory Guide for Rev
Nuclear Reactor Safety Design, issued by NSC in 1970 and revised in 1977 and 199
provide very general requirements on the need that safety functiard siod be affected b
this natural hazard.

It was indicatedby TEPCO that the numerical simulation of tsunamis based tentanic
mechanism was carried out only after the4®¥0s.Thi s si mul at i on
which occurredat the bottom of the ocean to cause uplift and subsidence of the se
subsequently leading to generation of tsunaisviously, in the 1960s.e. at the time o
the application for the construction perrukushimaDai-ichi NPP, it was common practic
to adopt historical tsunami records as design kasisami heightaind in according to suc
practice the value of +3.122 was adopted for licensing purposes.
Later, using the new methodology proposed in 2002 by a professional institution, the
Societyo f Ci vi | Engineers (JSCE), —Tsunami
i n Japanl, the tsunami hazar d wa tegaluated
based on the data and observations from the Magnitude 7.9 Offshore Shioyazaki Ear
in 1938, which resulted in a maximum high water level of +5.7 m. Minimum water leve
3.60 m was calculated on the basis of the 1960 Chile M=9.4 earthquake. It was es
that the run up at the water intake area would not be high enough to reach tlyguarat
+10.00/+13.00 m. The JSCE methodology is based on a deterministic approach
uncertainties in the tsunamigenic data is counted through a process of parameter
studies. In this computation TEPCO used a magnitude of 8.0 for thga&hi source.
These values, as presented by TEPCO, were not reviewed or validated by NISA as it
in the meetings. The fact that the tsunami estimate increased by a factor of almost
the main tsunamigenic source shifted from distant (Chileptr (Shioyazaki) source wou
have required the attention of NISAs these assessment and countermeasures
undertaken by TEPCO voluntarily without any instruction from NISA, they were
pertinent to changes in the licensing documents and ttreusfficially recognized desigt
bases.

Other important consideration is the run up values. The estimate corresponds to the
height at what <can be called the —inta
t he —shor el i nefce tp mtake structures lévél. eTheeuntup ie. the w
height reached at the maximum inundation point was not indicated in any presentatic
TEPCO. When asked, it was said that it was calculated but did not increase significa
+5.7 m and it @l not reach the main grade level of +10ltrseems also that the calculati
of the run up have not considered the specific and detailed arrangements of plant layc
The IAEA safety guide, the current one 41853.5 as well aghe new draft, indicate theeed
to consider all associated phenomena as hydrodynamic forces, debris and sand de
etc. According to the calculation following the JSCE methodology only the maximur
minimum water levelsiear the intake structure@gere calculatedThe hydroggnamic forces
due to the tsunami were not considered because the methods for these were still evol
The combination of the maximum/minimum water tsunami level with ithe of +1.0 m
which led to the +5.7 m seems insufficient also for considemiaedble scenaris with other
oceanographic andheteorologicalphenanena (such as storm surge, wind wavgdus
consideration of aleatory and epistemic uncertainties as wtikasonsideration of a safe
margin. To add +1.0 m to the calculatsdnamivalueseems too low.

I n 2006 NSC issued the new Regul atory
Seismic Design of NPP Facilities® wh i
accompanying event of t hsafetyefanctinsh shall anktebe
significantly affected by the tsunami which could be postulated appropriately to atta
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After 11 March 2011 Tsunami

very scarcely in the operational period of facilites No det ai |l ed or

guidance is available, as reported. Regarding coatioin with other flooding hazards, it w
indicated that in practice only the high tide is added to the calculated tsunami water le
NISA requested that all NPP$iauld undergo a back check on basis of the new :
guidelines which include the needrmevaluate the tsunami hazards. TEPCO reported
although studies have started results are not currently available.

In the meeting with NSC authorities, it was clarified that the NSC guidelines are not
bi nding and t hey though inpractice they erg uonsadéredas sud
was also expressed that these guidelines will be revised in view of recent experie
lessons learned.

Regarding the 2002 JSCE Guidelines it should be highlighted that this standard p
methods dér calculating tsunami height but does not include associated effects s
hydrodynamic loads, or missiles from transported deBitie values calculated by TEPC
were based on only recent historical data.

Considering the fact that safety related itdorsremoving the reactor decay heat (link to
ultimate heat sink) and for cooling the diesel generators for emergency power sup
located at +4.00 m, i.e. +1.70 m below the recently estimated inundation level,
indicated by TEPCO that the moos of the safety related pumps (RHR system) v
accordingly elevated to avoid function disruptiddowever, no additional details we
provided about the sufficiency of these measures to cope with such an event

protection of all related mechaai¢ electrical and 1&C component$ the RHR System

The Magnitude Mw 9.0 earthquake that occurred at 14:46 on 11 March 2011 trigg
tsunami that reached the site at about 15:30, i.e. ~44 minutes later wilp heightsof
about 1415 m, well above the plant main grade. This produced flooding, destructio
disruption of safety functions in the form of inundation, hydrodynamic forces, impeé
dragged debris, deposition of sand and silt, debris, Téte. observed recdrat IWATE
Nanbu Oki Tidal Gauge in open sea carséenn the following graphs
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In Appendix XX of this report see pictures and maps showingitbasdevastatedy the
earthquake

Because of damage to SSCs (mainly mechanical and electrical iteragdat the wate
intake area, the safety functions of removal of decay heat and emergency power sup
severely affected as described in other sections of this report. It should be noted tha
the earthquake, offite power at the plant wastrevailable at the time of the tsunami.
The methodology of the JSCE applied by TEPCO does not provide with guidan
estimating the hydrodynamic forces and impact of large debhss resulted in the
underestimationof tsunami effects from a system ipo of view with a thorough an
comprehensive assessment of all effects of water impacting and leaking to bu
structures and components, affecting safety related itestsould also be noted that there
no reference to influence of simultanedestonic subsidence which can influence the w
heights.

1



IAEA

T CONCLUSIONS 01/06/2011

1.

After the issuance of the Construction Permit about forty years ago, the Reg
Authority did not provide any requirements or guidance regarding tsunami safety
guidance provided in 2006 as part of the Seismic Safety Guidelines, does not cont
concrete criteria or methodology that could be used-gvetuation. The only revaluation
was performed in 2002 by TEPCO on a voluntary basis. Even this work was not re
by NISA. Therefore an effective regulatory framework was not available to provide f
tsunami safety of the NPPs through their operating life.

Although tsunami hazdswere considered both in the site evaluation and the desitjrec
FukushimaDai-ichi NPPas described during the meetings and the expected tsunami
was later increased (without changing the licensing documents) after 2002, the ts
hazard was nderestimated

Furthermore, considering that i tcondit@arsfor
these operating NPPs, the additional protective measakes as result of the evaluati
conducted after 200@ere notsufficientto cope with thaunexpectedly higher tsunami r
up values and all associated hazardous phenomena (hydrodynamic forcebaist
impact). Moreover, the reevaluation of the hazard after 2002 and the adequacy ¢
protective actions taken were not reviewed by the Regyl#&uthority. Because failures c
SSCs when subjected to floods are generally not incremental, the plants were not
withstand the consequences of tsunami heights greater than those expected (c
effect).

Apparently, he tsunami warning andofification system,was notavailableto provide
appropriate and timely response for plant reaction to the event. Japan, and J
particular, has developed the TIPEE¥stem which was given to IAEA through EE
Tsunami for distributing to member statd@is system was not usetl B plant and the
operators were not aware of tgproachingsunami waves.

It is recognized worldwide that Japan has a high level of expertise and also exp
regarding tsunami hazard and provides leadership in this tapidwide. This is reflectec
in the major influence that Japanese academic, scientific and technical institutions |
the international research and development of this topic. In this regard, the IAEA recc
the valuable support received from JNEStsunami safety for nuclear power plants wh
is transferred to Member States through the ISSC. It seems that organizational isst
prevented this expertise to be applied to practical cases at the three NPPs visited du
Mission

41 LESSONSLEARNED 01/06/2011

There is need to incorporate large safety factors to estimate tsunami run up for NPP
the following reasons: (i) large aleatory and epistemic uncertainties in parameters ir
in tsunami hazard particularly theharacterization of the tsunamigenic sources,
significant variations in inundation levels at different parts of the site considerin
specific and detailedplant layout and plant sector elevatigngiii) difficulties in
incorporating effective tsami protection measures for operating plants after an incree
tsunami height estimation, (iv) intolerance of NPP SSCs to increased flood levels,
flood related cliff edge effects.

There is also need to use a systemic approach for dealing with the design and layo
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plant SSCs for an effective protection against tsunami hazied&. tightness and wats
resistance should be assured through a comprehensive evaluation of @tiapetater
ways. However, this measure can only be used as a redundancy (i.e. in conjunctio
dry site or an effective site protection measure).

For well-defined tsunamigenic (fault controlled) sources, a large earthquake will al
precede the tsxami. If the source is near the site, the vibratory ground motion will prov
warning. For all tsunamis that may occur at the site, notification from the national ts
warning system should be transmitted to the control room for immediate opetaiosaA
clear procedure should be followed by plant management in preparing for a possible
until the warning is lifted.

An updating of regulatory requirements and guidelines should be performed reflect
experience and data obtained durthg Great East Japan Tsunamsing also the criteri
and methods established in the IAEA related safety standards for comprehensively
with tsunamis and in general atlorrelated external eventsThe national regulator
documents need to include ddiase requirements compatible with those required by |
Safety Standards. The methods for hazard estimation and the protection of the plant
be compatible with the advances in research and development in this field. Reg
Authorities need taecognize the importance of these advances and need to kee
regulations in line with IAEA Safety Standards which are updated regularly taking
account of scientific advances and recent occurred events.

Finally, the potential for scenarios invahg flooding hazards and multiple units (a
possible multiple sites) needs to be fully and comprehensively investigated for ne
existing nuclear power plants worldwide and if they cannot be screened out provisi
plant layout, site protection m&aes, design, accident management and emer
preparedness and response should be taken in order to adequately protect the in
against these disasters.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: Al1-03
Assessment Area: Al - EXTERNAL EVENT SOF NATURAL ORIGIN

Facility: FUKUSHIMA DAI -ICHI

Unit: UNITS1TOG6

Finding Title: CROSS CUTTING T PROTECTION OF NPPs AGAINST

EXTERNAL HAZARDS DURING EMERGENCY
CONDITIONS AND EXTENDED SHUTDOWN

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGRO UND

The present situation at ti€& as well as the neighbouring NPP sites is unique in terr
plant state, physical plant condition and the hazard environment. The IAEA
Standard NSR-1 provides the following requirement:

This paragraph considers the duration of the recqweripd but does not explicitly address the
degraded plant state which may actually require considerations of external hazards with low
frequencies of exceedance compared with those applicable for undamaged plants. For exar
nuclear power plant mayehwell designed against extreme meteorological conditions such as
hurricanes or typhoons but in a degraded state there may be weaknesses and vulnerabilitie
identify and remedy for events even lower than the original design basis.

1.18. For the poskvent recovery period (of days or longer), additional events may
need to be taken into account, depending upon the length of the recovery period anc
the expected probabilities of the events. For the recovery period, it may be realistic
to assume that the severity of an event that has to be taken in a combination is not a
great as would need to be assumed for the same kind of event considered over a tim
period corresponding to the lifetime of the plant. For example, in the recovery
period for a loss of coolant accident, if a random combination with an earthquake
needs to be considered, the severity could be taken as less than the severity of th
design basigarthquake for the plant.

2.2.71 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

For all three NPPs under consideration plant conditions have radically changed with resg
normally operating installation. This is because, (i) the plant states are different fr
operating plant, (ii) physical conditionsf the SSCs are radically different, (iii) there
significant uncertainty regarding plant parameters and physical conditions of the
Therefore the three plants are in a much more vulnerable situation than undamage
regarding external hazards

With the occurrence of a very large earthquake such as the Great East Japan Earthqu
March 2011, the exposure of the three plants to some external hazards will have chang
all the sites will be experiencing aftershocks of varying mages for some more months (
to a year) to come. Some of these aftershocks may be quite strong and one or two may
enough to produce tsunamis. While not a proven fact, there may be increased volcanic a
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the region. Finally, the deterioest state of the plants would make them more vulnerab
more frequently occurring external hazards in general affecting the recovery actions. Th
external events such as typhoons and extreme weather may be of concern to the three p

Tokai Da-ni is the least affected plant of the three and possibly with the best prospect
restart. It is outside of the exclusion zone. The plant is in cold shutdown state.

In Fukushima Dahni there are four reactor units with start of operation from 1681986. The
condition of these units after the earthquake and the tsunami show some variations altt
general they have similar physical conditions. The plant (i.e. all the reactor units) is i
shutdown state.

In Fukushima Daichi, there are sireactor units with start of operation from 1970 to 1979.

state of the plant is further complicated with the more extensive flood damage as wel
damage incurred by three explosions in reactor units 1, 3 and 4. The residual heat

processin three units is still ogoing. The spent fuel pools are also being cooled by w
injection from outside. Therefore the vulnerability of Fukushima-iBiaiito short term externe
hazards is much more critical than the other two plants.

3T CONCLUSIONS 01/06/2011

1.

For theTokai Daini and Fukushima Daii NPPs in the short term, it is important to evaluate
safety of the plant for the changed plant conditions and the changed hazard environr
particular, if an external event PSAodel is already available for the cold shutdown state,
would be an effective tdin performing the assessment.

The short term (immediate) measures at Fukushimaddaneed to be planned during the per
before a stable cold shutdown of all theitsirare attained. Until that time the high prior
measures to protect the plant against external hazards need to be identified using simple
in order to have a timely action plan. As preventive measures will be important but limitec
onsiteand offsite mitigation measures need to be included in this plan.

Once a stable cold shutdown state is achieved a long term plan needs to be prepared th
include the identification of SSCs needed for this state (a shutdown PSA would be hetlpifu
regard) and upgrades to these SSCs to ensure their safety function, as waitason offsite
emergency measures.

Any plans for the future outside of decommissioning or removal of all fuel from the site (f
reactor units that experiencedvere core damage), need to take extreme external hazar
consideration for the long term.

47 LESSONS LEARNED 01/06/2011

T

After a major disaster which may cause severe disruption to the plant the change
state and physical conditions of the SSCs need to be taken into consideratic
changed plant state (degraded systems and degraded physical conditions of th
may have lost design robustness and may have degraded diefeleqh.

The safety profile of the plant needs to be well understood (e.g. the required SS
different plant states (e.g. shutdown) in order to provide for a consistent protectior
plan for upgrades.

A major natural disaster may temporarily alter the hazard environment. In or
provide for an uninterrupted recovery process, there is a need for understanding t
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vulnerabilities and the new hazard environment and providintggtron for the plant an
the recovery action accordingly in a timely manner.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: Al1-04
Assessment Area: Al - EXTERNAL EVENTS OF NATURAL ORIGIN

Facility: FUKUSHIMA DAI -ICHI

Unit; UNITS1TO 6

Finding Title: CROSS CUTTING i LESSONS LEARNED FROM KASHIWAZAKI -

KARIWA NPP EXPERIENCE

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The use of feedback from experience is a common element to all subjects in
safety. All IAEA safety standards related to the protection of nuclear installations &
external hazards consider lessons learned from recent events in their perioec
process. This has been the case for the two major events in the last decade, i.e.
Indian Ocean tsunami and the Niigatak@muetsu Oki earthquake which exceeded
design basis of the Kashiwazdkariva NPP. The two IAEA Safety Guides relht®
these issues are SS5(2010) and DS417 (in print), related to seismic and floo
(including tsunami) hazards respectively. These two safety guides were developec
full account of recent events in order to incorporate the lessons learnethésen

2.2.1 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

All plants visited benefited from the lessons learned from the experience&KdfIRP. In
particular:

The onsite fire brigade was extremely useful in providing water injection functia
various locations, using the fire engines available at the site.

The newly built orsite seismically isolated building served a vital function as a tech
support sevice and in general plant emergency response. This building is shielde

charcoal filtered ventilation and also located at a high elevation to be protected
tsunamis.

In KashiwazakiKariwa case, the fire extinguishing piping which was locaiattoors
and underground suffered severe damage due to soil failures inducing flooding
reactor building. As a remedial action, all fire extinguishing piping wdsaaed above
ground with appropriate foundation. This layout solution proved nbetsuitable for the
tsunami flooding since the above ground piping was severely damaged by the t
induced waves and debris and they would not have been operable in case of fire. T
observed, particularly, in case 2 plant.
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31 CONCLUSIONS 01/06/2011

1.

Lessons learned from the Kashiwazglkiriwa experience provided extremely valua
improvements to the emergency response at all the plants.

The so called _seismically Il sol at ed
ventilation, shiled and located at a high elevation) provided a safe haven to all
personnel during this disaster and expedited emergency and recovery actions.

The onsite fire brigade was also extremely valuable even though there was no fire
sites. The fireengines were used for injecting water to various structures to pr
cooling.

The relocation of the piping for the firefighting system, on the other hand, turned
be a mistake for the particular hazard scenario (tsunami). The fact that there was n
the 2F plant meant that there was no need for this system. Otherwise -8ie dine
brigade which had little hands on experience could have been stretched to co
multi-tasking (i.e. dealing with fires and providing water injection to various structur

47 LESSONS LEARNED 01/06/2011

1.

Lessons learned from the Kashiwaz&lriwa experience proved to be extremely us
in dealing with the ofsite emergency situation at the plants-<ite TEPCO personne
have clearly expressed the view that if it had not been for tis#@ffire brigadeand the
onsite emergency control centre, the situation would have deteriorated much
rapidly.

By extension, the lessons learned from the FukushimacBiaexperience may prove f
be very important for the international nuclear community in thedutlihere is need t
understand the implications of all aspects of this event in order to benefit from
lessons learned.

Due to the nature of this accident lessons learned will cover a very wide area
involves all findings of thidMission
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A1-05
Assessment Area: Al - EXTERNAL HAZARDS

Facility: FUKUSHIMA DAI -ICHI

Unit: ALL

Finding Title: CROSS CUTTING- COMPLEX SCENARIO OF EXTREME

EXTERNAL EVENTS AFFECTING ALL UNITS AT MULTIPLE
SITES

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The complexity of the events of the Great East Japan Earthquake and Tsunami ste
the fact that the hazards were (and still are) multiple and the NPP sites exposed
hazards aralso multiple Tokai Dakni, Fukushima Daichi, Fukushima Dani, Onagawa
and Tohoku Higashidoxi This means thafifteen reactor units ative sites were
simultaneously exposed to extremely high hazards. Although many Member State
multi unit sitesand in some cases neighbouring sites may be exposed a large
simultaneously, guidance regarding multi unit sites with respect to external haz
lacking.

The common cause nature of these hazards plays an important rolesiie effnergenc
preparedness and response because these natural disasters produce local, reg
national impact. In this regard N&3 Paragraph 2.29 provides the following requirem

0The external zone for a proposed entialt
for radiological consequences for people and the feasibility of implementing eme
pl ans, and of any external events or

For onsite severe accident management, large and complex external hdzartisee
serious implications for securing the reactor cooling and containment functio
stretching the available human and material resources. The sito#tisite due to the
destruction by the disasters will limit the movement of resourcesdfbsiteto the plant.

2.2.7 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

Although, the lessons learned from the Kashiwakaldiwa experience were very usef
particularly for onsite emergency, there was major regional disruption which ham
immediate recovery actions. The regional nature of the destruction and the c
incurred at multiple units at multiple sites (eventually leading to severe accidentdat
NPP) caused significant delays and disruptions in recovery actions.

Following the tsunami, 1F1 to 1F5 had fallen into the Station Black(©BO) and the
seawatesystems were totally destroyadd theUltimate Heat Sinkvas lost.

Following the Abnormal Operating Procedure (AOP), operation after SBO shot
interchangeable from theeighbourplant. However, the interchangeability wasable to
be conducted simcthe other plants also lost the power.
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Fukushima Dani:

After the tsunami, approximately 400 people (about 130 for operation, about 2
maintenance) were available for the recovery processes. The number of the of
people was totally insufficient for the recovenyeration of six units.

Only very limited devices and tools were availab&ome of whichwere in the
warehouses of the affiliated companies and difficult to find.

In Fukushima Dahi (2F) the simultaneou®ss of ultimate heat sink idnit-1, 2 and4 is
a typical common mode failure caused by extreme natural phenomena humitybiiant.

31 CONCLUSIONS 01/06/2011

1.

Japan is a country known for high level of awareness of natural disasters and
excellent system of warningreparedness and response to cope with these. In revi
the situation at the NPPs after the Great East Japan Earthquake, it was conclude
IAEA Mission Team, that the magnitude of the disaster was not anticipated in the @
and revised hazamssessments.

Consequently a contingency plan for the failure of multiple units at multiple sites wi
regional disaster context was not available.

For effectivemitigation of the common mode failuredfecting simultaneously to mult
unit plants at tle sametime, sufficient large resource in terms of trained experie
people, equipment, supplies and external support. In additioradaquatepool of
experienced personnel is recommended.

The procedures should be prepared for the logistics, humarraespsuppliesexternal
supportto rapidly countermeasure severe accident and to reduce the radiation spr
Operators and supporting persons like firghters should be effectively trained to
understand their duties and be capable of implementmgniicedures for mitigating tf
severeconditions

47 LESSONS LEARNED 01/06/2011

The interference of the complex scenarios resulting from the natural disastErarat2F
plants that affected recovery actions and mitigation measures need to be well docL
in order to develop lessons learned for the international nuclear community.

The potential for complex scenarios involving multiple hazards and multiple units
possibly sites) need to be fully investigated for new and existing NPPs worldwide
they cannot be screened out, provisions for plant layout, site protection measures,
accident management antf-site emergency preparedness and response sheulaken in
order to adequately protect the plants from these disasters.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A1-06
Assessment Area: Al - EXTERNAL EVENTS OF NATURAL ORIGIN

Facility: FUKUSHIMA DAI -ICHI

Unit; UNITS1TO®6

Finding Title: CROSS CUTTING i EXTERNAL EVENTS PSA

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

It is important for plants to identify and address all means initiating accident, including tho
stem from natural phenomena.

Internal events include equipment failures and human errors occurring within the plants s
pipe breaks, stuck valves, damaged pumps, instrument failures and operator errors. Extern
include those of natural and human induced origin generated outsitlee gflant, such a
earthquakes, severe meteorological and hydrological phenomena, volcanic hazards, aircrat
and explosions.

Generally, more attention has been focused on internal events than external events in PSA

The frequencies of internalvents are generally better known due to the wealth of oper
experience that has been accumulated throughout the Wwogdrticular, about 15,000 full powve
years of plant operation has been accumulated using similar equipment. Additional infor
regarding operability of components has been generated through the pergelicice testing o
these components required by all regulatory bodies.

Human factors including human reliability analysis has been an important focus of study si
1979 acident at Three Mile Island in the United States in which operator error played a ke
These researcprogramme and associated techniques allow the prediction and quantificat
human error under specific circumstances.

Although uncertainty in iternal initiating event frequencies remains, most PSAs devel
throughout the nuclear community include a far more thorough analysis of internal event ri
external event riskHowever, depending on the particular site of a plant, external evemt
dominate overall risk.

2.2.7 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

In May 2002, Japanese licensees reported the accident management measures develope
unit together with PSAs of internal events for representative reactor types for the poifrf
quantifying safetyThe PSA of internal events for all commercial reactor facilities under opet
were reported to NISA by the licensees in March 20@1PSAs for external events were requi
by NISA.
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31 CONCLUSIONS 01/06/2011

T

For thelF plant an internal events PSA was conducted and the results of the study r
to NSC and NISA. NSC evaluated the results of the PSA and found them to be reasc

T For plants in cold shutdown state a _
SSCs needed to keep the plants irstable safe state. This would also help in t
identification of all items that need to be protected from external hazards in the short

41 LESSONS LEARNED 01/06/2011

1  There is a need for the nuclear community to increase effort in developing PSA for e
events.

1  Even in Member States where conduct of external event PSAs is a regulatory requi

many external events are screened out using approximate criteriacanncluded in
rigorous PSA treatment. There is a need to review the screening approaches in orde
full benefit of PSA.
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Appendix 2

IAEA International Fact Finding Expert Missionof
the Fukushima Datichi NPP Accident Following the
Great East Japan Earthquake and Tsunami
Japan

FINDING SHEETS

Safety Assessment and Management

|IAEA 2011
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-01
AssessmenArea: A2 - SAFETY ASSESSMENT ANDMANAGEMENT
Facility: GENERAL

Unit:

Finding Title: EQUIPMENT LAYOUT, PH YSICAL SEPARATION AN D

INTERNAL BARRIERS NE ED TO BE REVIEWED

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The Operation of most of theafety systemof traditional desiglNPPsdepend on the
power supply fromoff-site power and EmergencyDiesel Generatos (EDGS) in case of
loss of off-site power.There are 1@mergencyDGsat theFukushimaDai-ichi NPP, most
of them are located in tHewer part of the turbine building (B1F). As a result, the DG
themselves as well as the associatksttric panel and cablgere submerged and faile
due tothe sunami on 11 March 2011

The heat transfer path from the core and the spent fuel pool tdtitn@te heat sink i
very importantto achieve a stable safe stal&ere are two trains of residual heat remc
system for each unit, but all of themere submerged and failed duetihe sunami on 11
March 2011

The DC pover supply(batteries) must é available to power theontrol system, som
safety related moteoperatedvalves, andhe postaccident monitoring systentowever,
the DC power supplyfailed at FukushimaDai-ichi after the tsunami df1 March 2011

2.2.71 FINDINGS AT FUKUSHIMA -DAI-ICH | NPP:

Most of safety related system and component such as EDGs, DC power Sygipiy
RHR are failed due to submerged after Tsunami.

The equipment layout and physical separation of safety important equipmertoriese
reviewed.

Internal barriers need to be reviewed because they are typically design for i
flooding and fires and they may not be enough to prevent consangsefailures causec
by severe external flooding.

31 CONCLUSIONS _ [ /2011

Equipment layout, physicaseparation and internal barriers need to be reviewed
improved.
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47 LESSONS LEARNED _ [ /2011

Equipment layout, physical separation and internal barriers need to be review
improved.
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FINDINGS SHEET

1. FINDING IDENTIFICATION FindingNumber: A2-02

Assessment Area: A2 - SAFETY ASSESSMENT AND DEFENCE-IN-DEPTH

NPP: FUKUSHIMA -DAI -ICHI NPP

Unit; UNITS 1TO 6

Finding Title: DIVERSITY DESIGN OF ULTIMATE HEAT SINK N EED TO
BE IMPROVED

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

Generally speaking, the design of Emergency Core Cooling System of FukiBainhi
NPPs is good, there are Isolation Condenser (IC, onlyihar 1), Reactor Core Isolatio
Cooling system (RCIC, for unit-@), Core Spray system (Cfr Unit 1-5), High-Pressure
Coolant Injection system (HPCI, fddnit 1-5), Automatic Depressurization Syste
(ADS), Low-Pressure Core Spray system (LPCS, for Unit L&)w-Pressure Coolar
Injection system (LPCI, for unit-8), and Residual Heat Removal systéRiR). The IC
(only for Unit 1), the RCIC (for Unit 2 and 3) and the HPCI (for Uni8)., the latter twa
aredriven bynatural circulatiorhave provided themergencycore cooling for the core
of Unit 1-3 at the first phase of Fukushima Accident whicts weainly caused by Static
Blackout for long time than expected.

The heat transfer path from the core and the spent fuel pool to the ultimate heat
very important. The ultimate heat sink of Fukushibe-ichi NPP units 16 is sea wate
of Pacific Gcean, there are two trains of heat removal system for each unit, th
located in the separated room, but the elevation of the motor of theRM& same,-8.7
m above the sea level. Due to-dheight Tsunami onll March all of them are
submerged ahdamaged, so the path to removal the decay heat in the core and sp
pool to the ultimate heat sink (Pacificear) is broken.For recovery of Daichi Units &
4, TEPCO isinstalling aircooled equipment for eaalmit to serve as the ultimate he
sink for the cores and spent fuel pools.

2.2FINDINGS AT FUKUSHIMA -DAI-ICHI NPP

At Fukushima Daichi, the heat transfer paths to the ultimate heat sinkirfits 1-6 were
lost. For recovery of Dachi units 1-4, TEPCO is constructing an air cootewer for
each unit to serve as the ultimate heat sink for the cores and spent fueTheadsiginal
design of ultimate heat sink lack of consideration for diversity.

3T CONCLUSIONS _ [/ /2011

According to the National and International standafimsthe design of NP$ safety
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systems should be designed with high levelsdigkrsity to improve their reliability
However, the recommended levels of diversity have not been clearly quantified or ¢
in the same way as the consideration of singlaerahas been established.

It is commonin the traditional desiga of NPFs (includng PWR and BWR) for the heat
transfer path to the ultimate heat sink to have minimal diversity requiring feed and b
be used in many cases which potentially affects the ability to ensure the containr
radioactivity.

With the consideration to prevent and mitigate Byond Design Basis Acciden
especially caused by extreme natural hazards,iversity of the ultimate heat sink are
important means to ensure the robustness of a design, and additional attention shot
be paid to diversity in new NPP designs.

The additional diversity train of RHR could provide defencein-depth method to
remove the decay heat in the core and in the spent fuel pool. It should be seist
classified to avoid common cause failure such as due to earthquake, but it may not
designed as safety claffied system in order to cope with beyond design basis accide
especially caused by external natural hazard.

47 LESSONS LEARNED _ [ /2011

With the consideration to prevent and mitigate Beyond Design Basis Accide
especially caused by extremaeatural hazards, dversity of the ultimate heat sink are
important means to ensure the robustness of a design, and additional attention shot
be paid to diversity in new NPP designs.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-03
Assessment Area: A2 SAFETY ASSESSMENT AND DEFENCEIN-DEPTH
NPP: FUKUSHIMA -DAI-ICHI NPP

Unit: UNIT 1TO 6

Finding Title: DIVERSITY DESIGN OF EMERGENCY AC POWER NEED

TO BE IMPROVED

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The operation of most of the safety systemtiditional desigrNPP depenslon power
supply fromoff-site power and emergency power supfsym emergency Diesel Generat
in case of losof off-site power.

There are 13 EDSin FukushimaDai-ichi NPP, each unit df)nit 1-5 has 2 EDGs, and un
6 has 3 EDGs, named as DG1A, DG1B, DG2A, DG2B, DG3A, DG3B, DG4A, D
DG5A, DG5B, DG6A, DG6B, DG6H (HPCS DG), most of them are located in
relevantReactorBuilding (underground roonB1F) and cooled ¥ sea water except DG2E
DG4B and DG6B whiclarelocated above the grourathd cooled by air. All of the EDG
that were available at the tinstared up automatically when loss afff-site power due tc
earthquake during Fukushima Accident, but they aleth@fter Tsunami, except DG6
The investigation results show that DG1A, DB1B, DG2A, DG3A, DG3B, DG4A, DG
DG5B, DG6A and DG6H are submerged and their Emergency high voltage switcl
(M/C) are submerged or water damaged too, DG2B and DG4B are dachagedtheir
associated electric panel and cahle submerged. DG6B ®survived due to its M/C s
located in a higher location.

2.2FINDINGS AT FUKUSHIMA -DAI-ICHI NPP

FukushimaDai-ichi NPP have a relatively good diversity design of the Emergency C
Generator, compared to other traditiodakignNPP, but the elevation of some EDGs
too low, and thehysicalseparatiorand wateitight sealing of the of EDG room need to
improved.

The elevation of Emergency high voltage switchboard (M/C) for re@Bsis too low,
and thephysicalseparation and watgight sealing of the room need to be improved.

31 CONCLUSIONS _ [ /2011

Diversity of theemergency ACpoweris animportant means to ensure the robustness
design, and additional attention should be paid to diversity in new NPP designs.

The equipment layout and physical separation of The Emergency high voltage switc
should be improved.

96



IAEA

47 LESSONS LEARNED _ [ /2011

Diversity of theemergency ACpoweris animportant means to ensure the robustness
design, and additional attention should be paid to diversity in new NPP designs.

The equipment layout and physical separation of The Emergency high veNageboard
should be improved.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-04

Assessment Area: A2 - SAFETY ASSESSMENT AND DEFENCEIN-DEPTH

NPP: FUKUSHIMA -DAI-NI NPP

Unit: UNITS 1TO 4

Finding Title: DIVERSITY DESIGN OF ULTIMATE HEAT SINK NEED TO
BE IMPROVED

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

Generally speaking, the design of Emergency Core Cooling System of Fuku3aikmia
NPPs(BWR-5) is good, there are Reactor Core Isolation Cooling sy$eR@GiC), High-
Pressure @re Spray system (HPCS), Low-Pressure Core Spray system (LPC
Automatic Depressurization System (ADS), L&nessure Coolant Injection syste
(LPCI), and Residual Heat Removal system (RHBpme of themprovided the
emergencyorecooling for the coreluringAccident.

The heat transfer path from the core and the spent fuel pool to the ultimate heat
very important. The ultimate heat sink of Fukushima-ma\PP units 14 is sea water o
Pacific Ocean, there are two trainshaat removal system for each unit, thesawater
cooling system (RHFS) are located in the relevant Heat Exchange Building (Hx/B)
motor of the RHRS is located in 1F pump room (@ above the sea level), and th
power centreare located in the B1€ontrol panel of Hx/B. Due tthe tsunami(maximum
runrup height of approximately 14 ngn 11 March all of them except RHIS-3B are
submerged and damaged, so the path to removal the decay heat in the core and ¢
pool to the ultimate heat sink (Efc ocean) is broken. The survival of RFHIR3B is just
due toluck thatis why unit 3 can reach cold shutdown state more earlytmtnl, 2, 4.
The site superintendent reported the central and local governmantsaremergency
situation because the temperature of the suppressiongiddist 1,2,4became more tha
100 3 during accident, but afterward with temporary power cable laid and u
procurement of motors, one train of RHRS, RHRC, EECW for each ubihivfl,2,4 has
recovered and restarted. Up to now, all units of FukushimanCrzave reached cold sh
states.

2.2FINDINGS AT FUKUSHIMA -DAI-NI NPP

The Ultimate heat sinkf Fukudiima Dai-ni NPP units 14 is sea water of Pacific Oceah
is brokendue to Tsinami on 11 March 2011.

31 CONCLUSIONS _ [ /2011

With the consideration to prevent and mitigate Beyond Design Basis Accident esp
caused by extreme natural hazafdsersity of theultimate heat sinlare important mean
to ensure the robustness of a design, and additional attention should be paid to div
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new NPP designs.

47 LESSONS LEARNED _ [ /2011

With the consideration to prevent and mitigate Beyond Design Basis Accident esp
caused by extreme natural hazafdiversity of theultimate heat sinlare important mean

to ensure the robustness of a design, and additional attention should be ghaetsity in
new NPP designs.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-05
Assessment Area: A2 - SAFETY ASSESSMENT AND DEFENCEIN-DEPTH
NPP: FUKUSHIMA -DAI-NI NPP

Unit: UNITS1TO 4

Finding Title: DIVERSITY DESIGN OF EMERGENCY AC POWER NEED

TO BE IMPROVED

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The operation of most of the safety system of traditional design NPP is depend on
supply from offsite power and emergency power supply of emergénegel Generato
in case of losof off-site power.

There are 12 Emergency Diesel Generators (EDGs) in Fukushirmai D&P (4 units)
each unit has 3 EDGs, named as DG1A, DG1B, DG1H, DG2A, DG2B, DG2H, D
DG3B, DG3H, DG4A, DG4B, DG4H, all of them areclded inthe outer area atheir
relevantReactorBuilding (underground room B2F) and cooled by sea water (locat
Hx/B building). All of these EDGs startup automatically dudot@ bus voltage when th
earthquakehit the siteon 11 March but they allfailed after Tsunami, except DG3
DG3H and DG4H due to luck, because all of their associated sea water coolinggmar
inter-cooling pumpswere submerged due tbe sunami. The main difference betwe
Fukushima Dani and Fukushima Ddchi is that one500 kv line was available fo
Fukushima Dani (due to higher height and robust electric tower structure), it mean
Fukushima Dahi had off-site power supply (Fukushima Da&hi was in SBO with blinc
condition), so the reactavere keptin a stablesafestate for a long timefirst by RCIC
followed by MUWC,so that the operator have enough time to repair the heat transfe
to the heat sink.

2.2FINDINGS AT FUKUSHIMA -DAI-NI NPP

Most of the EDGs failed due to failure of their associaedwatercooling systemand
inter-cooling system eventhoughthree EDGs survived due to luck. It seems that
design of emergency AC power lackdiversity.

31 CONCLUSIONS _ [ /2011

The Operation of most of the safety system of traditional design NPP is depend on
supply from oftsite power and emergency Diesel Generator in case of loss-site
power, Diversity of the emergencyAC power is an important means to ensure t
robustness of a design, and additional attention should be paid to diversity iNRfe
designs.

47 LESSONS LEARNED _ [ /2011

Diversity of theemergencyAC poweris animportant means to ensure the robustness
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design, and additional attention should be paid to diversity in new NPP designs.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-06

Assessment Area:

A2 - SEVERE ACCIDENT

NPP:

FUKUSHIMA -DAI-ICHI NPP

Unit: UNITS 1TO 4

Finding Title: THE CREATION OF A COMMON POOL OF TRAINED
PERSONS TO RESPOND TO ABNORMAL SITUATIONS

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

Japan has several sites operating BWRs. Each site has a number of BWRSs. In

optimize the resources the interest of economy, the number of trained person
operation maintenance and other functions are minimized to the extent possible. W
works well during normal circumstances, under abnormal circumstances when
units are affecteche number of trained persons available are inadequate.

2.2FINDINGS AT FUKUSHIMA -DAI-CHI NPP

As a consequence of the earthquake followed by a Tsunami all the three operatir
went into a crisis situation as almost all the safety systems benaperative due to los
of all sources of electric power. Under the circumstances remedial measures were
to be implemented in all the units. Obviously the available manpower was inadequa

Since there are several sites having similar Nuclear PBNemts, BWRs in this case,
can be suggested that such sites can maintain a pool of trained persons that
deployed at the NPP site that is going through an event.

3T CONCLUSIONS _ [ /2011

Sites having the same type of plants can developraidtain a pool of trained people
provide immediate support to each other when necessary.

47 LESSONS LEARNED _/_/2011
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-07
Assessment Area: A2 - SEVERE ACCIDENT

NPP: FUKUSHIMA -DAI-CHI NPP

Unit: UNITS1TO 4

Finding Title: THE AVAILABILITY OF A SEISMICALLY ROBUST

BUILDING FOR THE FUNCTIONING OF THE
EMERGENCY RESPONSE CENTRE (ERC)

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The Kashiwaaki-Kariwa Earthquake in 2007 affected all the units at the site. Thouc
the operating units were safely shut down, the possibility of a significant damage to
buildings and structures was highlighted. Based on this experience the creatic
seismicallyrobust building at all the NPP sites was recommended.

2.2FINDINGS AT FUKUSHIMA -DAI-CHI NPP

Following the earthquake and tsunami on 11 March 2011 three operating units s
severe core degradation. Several structures, including the administnaititing and staff
offices, were damaged. Increased radiation levels around the plant also made tho
uninhabitable.

Based on the recommendations of the 2007 earthquake affécsigwazakiKariwa
NPP, a seismically robust building was built in Fsikima Daiichi as well as in
Fukushima Dani. These buildings are not only built to withstand earthquakes but ar
shielded and have filtered ventilation systems to ensure the habitability during a
conditions involving the spread of radiatiomhe buildings are provided wit
communication facilities with plant control rooms, as well as external agencies, s
TEPCO Headquarters in Tokyo.

During the accident and its mitigation phase this building provided a safe locat
operate the Emergeyn Response Centre. The building continues to provide the only
place in the vicinity of the NPP to house a large number of persons (over 2000) w
engaged in the recovery operations.

31 CONCLUSIONS _ [ /2011

It was extremely useful to hawatsite a seismically robust, shielded, ventilated and
equipped building at Fukushima DBahi and Daini NPPs. Such facilities can
considered by all NPPs as a means to deal with severe accidents.

47 LESSONS LEARNED _ [/ /2011
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-08

Assessment Area: A2 - SEVERE ACCIDENT

NPP: FUKUSHIMA -DAI-NI NPP

Unit: UNITS1TO 4

Finding Title: The comparison and assessment of the event progression a
operator actions at different units of Fukushima Datichi and
Dai-ni NPPs

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

Following the earthquake and tsunami, the event progression at different unitsrofdbdi Dai
ichi were considerably different. The plant conditions and operator actions were
correspondingly different. Given the fact that the units atridaurvived whereas the units at b
ichi suffered severe core degradation it would be quite useful to cothgaggent progression ar
impact of operator actions at different units.

2.2FINDINGS AT FUKUSHIMA -DAI-ICHI AND DAI -NI NPP

At the time of the earthquake and tsunami three units atcbBiaand all the four units at D
were in operation. Though the tsunami levels at the two NPPs were different andsite diver
was available at Daii major safety systems were affected in both NPPs. Though all the fou
at Daini were brought to safe configuration they werelpasly close to a serious situation. T
workers of Daini laid several kilometers of cable to get power back to safety systems.

At Dai-ichi the events progressed much too fast for operators to respond in an organized
Normally the mission timesf®dC/RCIC should have given the operators some time before the
was exposed and radiation levels increased making several reactor areas inaccessible. It is
if and why these systems did not function the way they should have.

A detailed compasion of the event progression and operator actions at different units of the
NPP, as well as between the units of-Biaand Daiichi could bring out significant inputs for tr
prevention and management of severe accidents.

3T CONCLUSIONS _ /2011

The comparison and assessment of the event progression and operator actions at
units of Fukushima Dani and Daidichi could provide significant inputs for the prevent
and management of severe accidents.

47 LESSONS LEARNED _ [ /2011
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-09

Assessment Area: A2 - SEVERE ACCIDENT

NPP: FUKUSHIMA -DAI-ICHI NPP

Unit: UNITS1F1TO 1F6

Finding Title: EXTERNAL EVENTS HAVI NG A POTENTIAL OF
AFFECTING MULTIUNITS PLANTS AT THE SAME TIME

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The FUKUSHIMA-DAI-ICHI site hasa total of 6 NPRs (1 BWR3, 5 BWR4, and 1BWR-5)
Units 1, 2, 3 and 4 are located on the site level of O.P.+10 m, while Unit 5 and 6 are locate
site level of O.P.+ 13 nMost EDGs are located under the groBdFL) in turbine building
exceptfor five EDGs, that are, 2B and 4B DGs on the firsbfl of the shared pool building. 6
and HPCS DG on the B1FL in CS, and 6B on the first floor in a dedicated building.

According to higher tsunami than expected value, most EDGs were submerged or water ¢
except EDG B. Most batterie125 V DC) excep 1F3 were also unavailable since they w
located under the ground level.

2.2FINDINGS AT FUKUSHIMA -DAI-ICHI NPP

According to the tsunami, 1F1 to 1F5 had fallen into the Station Black Out(SBO) aswhiliater
systems were totally destroyed ( No Ultimate Heat Sink )

Following the Abnormal Operating Procedure (AOP), operation after SBO shou
interchangeable from the neighbor plant. However, the interchangeability was able to be co
since the other plas also lost the power.

After the tsunami, approximately 400 people (about 130 for operation, about 270 for mainte
were available for the recovery processes. The number of the operation people was
insufficient for the recovery operation oksinits.

Only very limited devices and tools were availaldeme of whichwere in the warehouses of t
affiliated companies and difficult to find.

3T CONCLUSIONS _ /2011

For effectivemitigation of the common mode failuredgfecting simultaneously to mult
unit pants at the saméme, sufficient large resource in terms of trained experie
people, equipment, supplies and external support. In additionadaguatepool of
experienced personnel is recommended.

The procedures shoulcelprepared for the logistics, human resources, suppgiesrnal
supportto rapidly countermeasure severe accident and to reduce the radiation spr
Operators and supporting persons like ffighters should be effectively trained to
understand theiduties and be capable of implementing the procedures for mitigatin
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severeconditions

417 LESSONS LEARNED _ [ /2011

External events have a potential of affectseyeral plants and several units at the plan
the same timeThis requiresa sufficiently large resource in terms of trained experier
people, equipment, supplies and external support.adequatepool of experiencec
personnel who can deal with each type of unit and can be called upon to supf
affected sites should be emed.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-10

Assessment Area: A2 - SEVERE ACCIDENT

NPP: FUKUSHIMA -DAI-ICHI NPP

Unit: UNITS1F1TO 1F6

Finding Title: POTENTIAL UNAVAILABI LTY OF INSTRUMENTS A ND
LIGHTING

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

- There were particular challenges at Fukushimai€riwith high radiation fields, and with th
tsunami and explosions there was considerable debris disrupting normal routes. Addit
control room access was vyelimited and safety related instrumentation was generally
availableor unreliable.

2.2 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP

- It was found that reactor water level gauges in 1Rdd drifted sometime during the accide
progression when th@strumentation was calibrated in Malt. is assumed that aver in a
referencetube for measuremenévaporateddue to high temperature in the circumstance, wl
brought higher reactor water level than actual vaBimilar phenomena might have occurred
1F2 and 1F3 as welLimited number of parameters and less reliable measured values o
reactor vessel and containment vessel have been used for severe accident management
1F3.

- Severe AccidenManagenent Guidelines (SAMG) and associated procedures gene
assumethat instruments, lighting and power are available. This may not be the ce
addition, thesedocuments do not consider the possible state of the plant and the
environmental conditins such as radiation fields that may preclude manual actions
being taken. Sommstrumentsnstalled in core, reactor vessel and containment in 1F
1F3 are supposed to be unreliallevel gauges at reactor vesseight be indicating
overly-estimded valuess was confirmed in the case for 1F1

3T CONCLUSIONS _/_/2011

Robustness of th@strumers, lighting and power to countermeasure the accident elev
was not sufficiently considered in Severe Accident Management Guid¢$AddG) or
plant specific procedures.

47 LESSONS LEARNED _ [ /2011

Severe Accident Management Guidelines and associated procedures should take a
the potential unavailability of instruments, lighting, power and abnormal cond
including plant statand high radiation fields.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-11

Assessment Area: A2 - SEVERE ACCIDENT

NPP: FUKUSHIMA -DAI-NI NPP

Unit: UNIT S2F1 - 2F4

Finding Title: EXTERNAL EVENTS HAVING A POTENTIAL OF
AFFECTING MULTIUNITS PLANTS AT THE SAME TIME

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The height of tsunami to FUKUSHIMA DANI site ranged from approximately O.Phvto O.P
15m at south ofUnit 1-4. All plants are located at the height of O.Pn,2which is 2m higher tha
FUKUSHIMA DAI-ICHI. Even in case of great earthquake accompanying unexpected ts
Station Black Out was not happened. Instead, due to the flooding into heat exchanger
most residual heat removal seawater syst@®hRS except Wit-3 were not available, which le
to the loss of ultimate heat sink. By using the mobile power trucks, temporary power cak
installing of procured motors the function of ultimate heat sink was recovered.

2.3 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP

The simultaneous loss of ultate heat sink in unit, 2 and 4is a typical common mode failut
caused by extreme natural phenomena in romiti plant.

31 CONCLUSIONS _ [ /2011

For effectivemitigation of the common mode failuregfecting simultaneously to mult
unit pants at the saméme, sufficient large resource in terms of trained experie
people, equipment, supplies and external support. In additionadaquatepool of
experienced personiis recommended.

The procedures should be prepared for the logistics, human resources, sepes)|
supportto rapidly countermeasure severe accident and to reduce the radiation spr
Operators and supporting persons like fiighters should ke effectively trained to
understand their duties and be capable of implementing the procedures for mitigal
severeconditions

47 LESSONS LEARNED _ [ /2011

External events have a potential of affectseyeral plants and several units at the plan
the same timeThis requiresa sufficiently large resource in terms of trained experier
people, equipment, supplies and external support. adequatepool of experience
personnel who can deal with eatjpe of unit and can be called upon to support
affected sites should be ensured.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-12

Assessment Area: A2 - SEVERE ACCIDENT

NPP: FUKUSHIMA -DAI-NI NPP

Unit; UNITS 2F1- 2F4

Finding Title: POTENTIAL UNAVAILABI LTY OF INSTRUMENTS A ND
LIGHTING

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The survivability of instrumentations during severe accidents in FUKUSHIMA-BIAdite could
not be identified since all reactors safely arrived to cold shutdown states within three days
entering severe accident conditions

2.4 FINDINGS AT FUKUSHIMA -DAI-NI NPP

The Severe Accident Management Guidelif@&MG) of FUKUSHIMA DAI-NI plant are
supposed to have similar contents and strategies witRIOI plant. It is very likely that the
instrumentations installed around reactor and containmesselwould indicate fault values
during severe accident condit®rt could provide operators and decisimakers with incorrec
information to lead them to improperly countermeasure in response of the transients.

SAMGs and associated procedures generally assume that instruments, lighting and po
available. This may not be the case. In addition, these documents do not considered the
state of the plant and the local environmental conditions such as radiakits that may preclud
manual actions from being taken.

31 CONCLUSIONS _ [ /2011

Robustness of the instruments, lighting and power to countermeasure the accident €
was not sufficiently considered in Severecklent Management GuidelineSAMG) or
plant specific procedures

47 LESSONS LEARNED _/_/2011

Severe Accident Management Guidelines and associated procedures should take a
the potential unavailability of instruments, lighting, power and abnormal cond
includingplant state and high radiation fields.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-13
Assessment Area: A2 - SEVERE ACCIDENT

Facility: GENERAL

Unit:

Finding Title: SEVERE ACCIDENT MANA GEMENT

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGRO UND

An external initiating event of sufficient magnitude may have the potential to di
cause multiple component failures potentially leading to core darmhgdl March 2011
tsunami did just that to three operating units at Fukushimaicbaiand led to
complications at four spent fuel pooldaving a clear understanding of external initiat
event risk can assist a utility in having {gtaged portable equipment to succalbgicarry
out the essential safety functions of the plant, including criticality control, core and
fuel pool heat removal and maintenance of containment inte@iyerally, in mos
boiling water reactors, a large contributor to core damage fregusnstation blackou
(SBO) which results in the unavailability of both ac and dc poB&0O precludes th
operation of pumps and valves both necessary to perform the essential safety fu
This situation can be mitigated through the use of portatuepment provided it can L
obtained and implemented in a timely manner, typically within a few hbutsder to do
so, the equipment should be mtaged, procedures developed and the operators trair
execute the planhe equipment should be storin a location that limits the probabili
of damage by the external evelttis also vital that adequate equipment be available
all the units on a site, including the spent fuel pool because of the potential for an €
event affecting all ungton a siteln addition, adequately trained staff must be availab
respond to the event at all units on a site.

2.2.7 FINDINGS AT FUKUSHIMA -DAI-ICHI AND FUKUSHIMA DAI -NI NPP:

Subsequent to the events Bih March 2011Fukushima Daichi receivedsuch equipmen
and it appears that they have been able to halt the severe accident progression, p
containment liner melt through and energetic failure of primary containieatplant is
now attempting to develop more reliable and redundant mapsovide the essenti
safety functions to the core and spent fuel pool, to ultimately achieve cold shutdown

The FukushimaDai-ni plant was less damaged ance thlant operators were able
continue to provide water to the reactor cores and depresghezreactorsTo aid in
achieving a cold shutdown state, the plant superintendent called for mobile power
and mobilized the workersn-site to lay over 9 km of temporary power cablds.
addition, replacement motors were procured for some ofdbddd pumpsThis allowed
the normal residual heat removal gymst to be returned to serviced8ys following the
tsunamiand the units were brought to cold shutdown either on the same day or t
after RHR had been restored.
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Japanese utilities haveplemented voluntary measures for preventing severe acci
and mitigating the i mpacts based on t
Measures Against Severe Accidents in
May 1992 and revised o8B0 October 1997Typical modifications to plants includ
installation of alternative pumps or procedures for core flooding using containment
systems, water injection using fire pumps, and additional provisions for ac power L
tie-line from a neghbouring installationThese measures provide diversity for esse
safety functions but are vulnerable to a large external event since they are locatec
site. Subsequent to the events of 11 March 2011, NISA has taken action to confir
licensees have followed this guidance and has additionally required that some equ
such as power vehicles and pump trucks are locatesiteff

3T CONCLUSIONS _ [ /2011

The lack of adequate supply of ptaged portable equipment to carry out dssentia
safety functions of the plant hindered the ability to respond to the event.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A2-14

Assessment Area: A2 - SEVERE ACCIDENT

Facility: GENERAL

Unit:

Finding Title: MANAGEMENT AND PROCEDURE T CONSIDERATIONS
FOR SEVERE ACCIDENT MANAGEMENT FOR NEW A ND
EXISTING JAPANESE NPPS

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

Severe Accident Management Guidelines (SAMGSs) and associated procedures ha
developed andi mp|l ement ed at mo s t power reé
Additional operating experience and research has led to the continuous enhance
knowledge regarding severe accidents and subsequent improvements in SAMGs.

2.2.1 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

The Japanese utilities voluntar i | yheir
programmse include the documentation of procedures and a traipragramme
including the conduct of drills at plants on an annual b&g#tauseno core damag
occurred at Dani or Tokai Daini, the operators were able to execute these plans altf
damage to the sites complicated their execu#arDai-ichi, core damage resulted in hi
radiation levels at the sit&here was some loss of imtery from the SFP due to boil o
and there is a possibility of water loss from sloshiffiese levels prevented the acces
many areas of the plant, precluding implementation of the procedures.

3T CONCLUSIONS _ [ /2011

The nuclear communityvorldwide should consider potential radiation levels in t
proceduresThe result may require action being taken earlier in the event than prev
thought and may also necessitate the use of recooiteolled equipment that must be
staged.Due to the need for radiation protection measures including respirators
protective clothing, drills should be conducted with this equipment to verify that the a
can be taken in a timely mannédditionally, operators must be appropriately trainec
the use of remoteontrolled equipment and equipment functionality should be en:s
under severe conditions, including high radiation fields.
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47 LESSONS LEARNED _ [ /2011

The presence of high radiation fields in the plant néedse considered to ensure man
actions can be executed under accident conditions.

47 LESSONS LEARNED _ [ /2011

For most severe situations, such as total loss of power or loss of all the engineerin
systems, the equipment (such as mobibever and water supplies) that is necessar
manage the accideshould be identifiedThis should be located at a safe place anc
plant operators should be trained to use them

External events have a potential of affecting several plants at thetisagnd his requires
the independence of the safety system. In addition, this requires multiple resources
of trained people, equipment, supplies and external support
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Appendix 3

IAEA International Fact Finding Expert Missionof
the Fukushima Datichi NPP Accident Following the
Great East Japan Earthquake and Tsunami
Japan

FINDING SHEETS

Monitoring, Emergency Preparedness
and Response

|IAEA 2011
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A3-01

Assessment Area: A3 - MONITORING, EMERGENCY PREPAREDNESS AND
RESPONSE

Facility: GENERAL

Unit:

Finding Title: THE NUCLEAR EMERGENC Y RESPONSE SYSTEM IN
JAPAN

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The emergency response system in Japan is organized in di¢hfeem. The Nationa
Government establishes a Nuclear Emergency Response Headquarters (heade
Prime Minister), and Nuclear Emergency Response Local Headquarters (headed
Senior Vice Minister of METI), prepares national plans and procedures and
decisions on important moves and countermeasures. The Local Government op
Local Emergency Response Headquarters and is responsible for the implement
emergency activis including monitoring, urgent protective actions (sheltet
evacuation, iodine prophylaxis) and long term countermeasures, municipalitie
operate Emergency Response Headquarters. The operator of a nuclear facility (lice
responsible for then-site emergency response including notification on events tc
competent minister, to the governor of the prefecture and to the municipalities.

The legal basis of the nuclear emergency preparedness in Japan is the Basic
Disaster Control Measuwse(related to every type of disasters) and the Act on Sp
Measures Concerning Nuclear Emergency Preparedness. The countermeasures a
with the Basic Plan of Disaster, which concerns also emergencies different from nug

Responsibilities on #h governmental level are distributed among several ministries.
METI is responsible for nuclear power plants, fuel cycle facilities and fuel transport
whereas MEXT is responsible for research reactors and radiation sources.

During the 11 March ethquake and tsunami the functioning of the emerge
preparedness and response system could not be performed according to the en
plans and regulations for the damages caused by the earthquake in the local infras
Therefore the central headayter took over certain functions of the local -site
emergency centre.

There is no formal and legally binding coordination between the responses to variou
of emergencies, although the consequences of the 2007 Kashiharaka earthquake
eventindicated the necessity of such coordination.
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2.2.1 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

31 CONCLUSIONS _ [ /2011

Japan has established a concise wetl organizednuclear emergency preparedness
response system. The legal background of the nuclear emergency preparedn
response system is sound, the responsibilities are clearly defined. The handling
Fukushima accident has demonstrated the capabd#itidsstrength of the Japanese nuc
emergency preparedness. Nevertheless the system of nuclear emergency pref
appears to be complicated in its structure and organization. This may result in unne
delays in taking urgent decisions.

47 LESSONS LEARNED _ [ /2011

Coordination of responses to various types of emergencies may make the protective
more effective. Similarly, simplification of the organizational scheme might rest
shorter reaction times and smother functioning.

Flexibility and well trained feature of the emergency response system in Japan has
possible to reach an effective response even in unexpected situations needing in
solutions.
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FINDINGS SHEET

1. FINDING IDENTIFICATION FindingNumber: A3-02
Assessment Area: A37T EMERGENCY PREPAREDNESS AND RESPONSE
Facility: GENERAL

Unit:

Finding Title: AUTHORITY, ACTIVITY AND COORDINATION

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

- Authority and activity of the various players in the nuclear emergency preparedr
Japan is stipulated in thAct on Special Measures Concerning Nuclear Emerg
Preparedness. The Act defines the roles and obligations of the licensees, and of 1
and national governments

- Article 10 of the Act defines the conditions under which the licensee is bound to not
government and the local authorities on the occurrence of abnormal operational
Notification is required if the dose rate excego&n values in given circumstances or
plant status warrants it. The limiting conditions are given in separate regulations.

- Article 15 of the Act defines the conditions under which the licensee is bound to ¢
an emergency situation. This is commuated to the national government and the Pr
Minister takes the necessary steps to initiate preventive and response actions. De
of an emergency situation is conditioned by the existence of given radiol
circumstances or facility states.hd@ limiting conditions are determined in sepat
regulations.

- In contrast to the practice of some other countries no alert state is defined in the J
nuclear emergency preparedness system and no specific classification of emerge
defined. Neoe also that the notions, definitions and methods of emergency prepar
and response as recommended by IAEA have found only limited scope applicatior
Japanese practice.

- Coordination of the various players in the nuclear emergency prepareddes$ias by
the relevant acts (c.f. AQ6-01). Nuclear facilities bear the sole responsibility for
emergency response to events in the facility. Nevertheless, actions having impacit
general public (like e.g. venting or water injection in casehef Fukushima acciden
necessitate the approval of higher level response organizations or of the r
government/Prime Minister.

- During the Fukushima accident the extreme natural conditions and events have
the nuclear emergency preparedngsiesn extremely difficult, sometimes impossible
follow the well established procedures and practices. In such cases the decision
have selected novel solutions in the best interest of the general public, facility worke
environment.

2.2.1 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:
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3T CONCLUSIONS _ [ /2011

The authority, functioning and coordination of the various components of nt
emergency preparedness and response organizations in Japan have been and

demonstrated by the activities in response to the Fukushima accident. Dedicat
devotedofficials and workers, and well organizedand flexible system prevented a s
larger catastrophe and saved lives among both the general public and the facility v
Certain well established techniques, also recommended by IAEA, however, areuse
in the Japanese nuclear emergency practice.

47 LESSONS LEARNED _ [ /2011

Dedication and devotion of the Japanese emergency response players and their in
activity deserve the interest of the international emergency preparedness community

Use of IAEA guidance on threat categorization, event classification and counterme
could make the ofite emergency preparedness and response in Japan still more eff
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A3-03
Assessment Area: A317 EMERGENCY PREPAREDNESS AND RESPONSE
Facility: GENERAL

Unit:

Finding Title: PLANS, PROCEDURES AND GUIDELINES

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

The activities, duties and actions are described in @gsjations and manuals of vario
levels. No specific national emergency response plan is in use.

The most important requirements related to nuclear emergency preparedness and
are given in the Act on Special Measures Concerning Nuclear Emerdfealsy. contains
the essential information, which is included in the national emergency response [
some other countries.

There exist manuals, commonly compiled by the operators that summarize p
information on the cooperation of various argations, on preparatory and advisory st
to assist decision makers. Ministries with various roles in the emergency prepar
system have specific manuals; the cooperation of the ministries is realized on a v
level. Local level (prefectures, migipalities) plans define the respective duties
activities.

Licensees have their emergency preparedness plans for every nuclear facility.

No emergency classification system is in use in the sense of the respective
guidance. A single emergency ptang zone has been defined for every nuclear fac
this is about 810 km for a nuclear power plant. Introduction of the notion of Ur
Protective action planning Zone and the extension of the planning zone to the
recommended by IAEA is undeonsideration.

2.2.1 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

31 CONCLUSIONS _ [ /2011

Japan relies more on regulations than on nuclear emergency plans in organizing its
emergency response, this fact, however, seemed not to impe@défatieveness of th
response.
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47 LESSONS LEARNED _ [ /2011

Use of a nuclear emergency planning system as suggested by the respectiv
requirements, guides and technical documents may further enhance the capabilitie
emergency preparedness and response organizations in Japan. In this context defin
introduction of various emergency planning zones and the preparation of eme

response plans accordingly might reduce the burden on the response organizatier
early phase of an emergency.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A3-04
Assessment Area: A317 EMERGENCY PREPAREDNESS AND RESPONSE
Facility: GENERAL

Unit:

Finding Title: PROTECTIVE ACTIONS

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

- Rules for protective actions arepresented; refer to theadministrative
documents/guidelines compiled by NSC. These guidelines give numerical limiting
of radiation for sheltering and evacuation, as well as guidance on how to use
information and data

- Specifically for evacuation considerations in Besic Disaster Prevention Plan as wel
the Regulatory Guide: Emergency PreparedneshldiatearFacilities by NSC are also t
be taken into account

- lodine prophylaxis is to be exercised in case the perceived committed dose ex
given value. This alue is unique for all population groups; however the quantity of s
iodine to be administered depends on the age of the patient. Adults over 40
supposed to be involved.

- Long term protective actions including food restrictions are regulate@tails and take
into account the specific consumption habits in Japan. The action levels are soi
different from those generally proposed by IAEA.

- Application of Operational Intervention Levels does not appear in the NSC guidelin
IS not under cosideration either.

- The terms of relocation and resettlement are not in use in the Japanese em
preparedness practice.

2.2.1 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

3T CONCLUSIONS _ /2011

Application of protective action is properly definadd regulated in Japan. Some of
IAEA suggested methods are not in use; however, fully equivalent methods are in pl:
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47 LESSONS LEARNED _ [ /2011

Consideration on applying Operational Intervention Levels (OILs) for urgent prote
actions is suggested. Application of OILs may ease and make more effectiv
application of urgent protective actions. Revision in line with the IAEA recommendz
of the terms and conditions used for evacuating people from an area might ease
term managaent of the issue.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A3-05

Assessment Area: A317 EMERGENCY PREPAREDNESS AND RESPONSE

Facility: GENERAL

Unit:

Finding Title: PROTECTIVE ACTIONS i IN CASE OF THE FUKUSHIMA
ACCIDENT

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

- All appropriate measures have been taken to save lives. The National Government, t
government and the operator of the facility promptly took the actions necessary to minim
consequences of nuclear or radiological emergency. Emergency seniiza® been mad
available to support the response at the facilities and the respdmalgsimplemented a
practicable and appropriate actions to minimize the consequences and to protect ermn
workers in accordance with international standards

- Urgent protective actions were implemented to prevent to the extent practicable the occur
severe deterministic health effects and to avert doses. As soon as the Government declare
of nudear emergency on 11 March 2011, radiation monitoring and environmental samplir
assessment have been initiated in order to identify new hazards promptly and to refine the
for response.

- 0On 16 March the local Headquarters instructed the lanargment that iodine prophylaxis shot
be performed when the evacuation is ongoing, however by that time the majority of the poy
has already left the 20 km area

- Evacuation has been ordered on a gradually increasing area around the FukushohapDaier
plant as the situation in the plant aggravated. (For further details on urgent protective acti
A1-06-06.)

- Agricultural countermeasures and longer term proteatineasuresvere taken to ave
doses. In this action the Nuclear EmergencypBase Headquarter gave instruction
restriction of distribution and/or consumption of food on 23 March 2011, in accor
with the Food Sanitation Act and the Act on Special Measures Concerning N
Emergency Preparedness. For this decision the at@smdio be applied have be
determined as late as 17 March, the measurements took two days whereas the dec
taken in another two days.

- Return criteria have so far not been determined, they are expected to be between
mSvly.

- Compensation $eme for the damages has not yet been elaborated, the actual regu
not relevant. A provisional guideline to this is expected to be elaborated by July 201

- Protection of workers and monitoring
Consequencesl

2.2.1 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:
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3T CONCLUSIONS _ [ /2011

Protective actions related to the Fukushima accident proved to be effective and wel
Certain delays are to be attributed to the extreme conditions and ursitsizions.
Informing the affected population was an important part of the official activity. Exer
on handling the consequences of multiple disasters have been held in a very limitec
yet the actual activities were efficient and saved lives.

47 LESSONS LEARNED _ [ /2011

1.

Organization, discipline and devotion during the response to the largest ever n
catastrophes is to be posed as an example to the emergency preparedness and
organizations all over the world.

Timely decision mking with less players and faster decisions on countermeasure
contribute to an even more efficient protection of the general public

Exercises and drills assuming multiple catastrophe situations should be included i
emergency exerciggogrammaeat sites potentially affected by such events.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A3-06
Assessment Area: A317 EMERGENCY PREPAREDNESS AND RESPONSE
Facility: GENERAL

Unit:

Finding Title: PROTECTIVE ACTIONS - URGENT PROTECTIVE

ACTIONS IN FUKUSHIMA

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

Notification according to Article 10 of th&ct on Special Measures Concerning Nucl
Emergency Preparednesss sent from the Fukushima NPP to the government an
local authorities on 15:42, 11 March 2011. The minister of METI had to establish the
headquarters in 60 minutes.

Emergency has been communicated to the government on 16:36, by 19:03 thal
headquarters reached its active state and declared a nuclear emergency situation

Evacuation of the population in the 2 km radius around Unit 1 of Fukushimiglbavas
decided on 11 March. Normally evacuation decision is based on dose measur
however, in this case no reliable measurement was available and the decision wa
on the Unit 1 status (loss of cooling). The same day the radius of the evacuation z¢
extended to 3 km, whereas the next day pressure elevation triggered furthsroexte
10 km. This is the area of evacuation zone in the emergency plan.

Hydrogen explosion on 12 March lead to the evacuation of residents from the 20 kn

On 15 March another explosion struck Unit No. 2 and the residents in the area betv
and 30 km radii were instructed to stay-mouse (sheltering), whereas the same resic
were suggested to take voluntary evacuation.

On 16 March the local headquarters instructed the local government to administer
tablets whenever evacuation is penfied. However, by this time the great majority of
evacuation has been completed.

Long term sheltering (— ndoors evacua

On 23and 25 March NS@dvised the Nuclear Emergency Response Local Headqu
to implenent the survey on thyroid exposure @8 juveniles between 0 and 15 yes
have measuredin no cases hathe 0.2 mSv/h screening leviekenexceeded. 190 00
inhabitantsunderwent external contamination measuremehes100000 cpm level was
exceededn 102 times

On 21 April access to the 20 km radius area was prohibited.

Sheltering in the area between the radii of 20 and 30 km has been lifted on 22 Apri
the same time a Deliberate Evacuation Area has been established where there is t
that the dose may reach 20 mSv in a year. In such cases the residents are req
evacuate within one montfhe threat was determined from measured and interpa
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dose values. No measured individual data are yet available from these territories
out of the five villages involved have already been evacuated.

Parallel to that an Evacuatidtrepared Area is defined the residents of which need
prepared for immediate evacuation should another emergency occur.

The facility was little involved iremergency response activities in the classical sen
the word; its main activity was accident management.

2.2.1 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

31 CONCLUSIONS _ [ /2011

Unavailability of measurements has resulted in initiating urgestection action based ¢
the plant status. The fast changing plant circumstances made it imperative to take
consecutive measures (mostly evacuations) to protect the residents. Long term sk
was not in line with international practice andshbeen abandoned and the notion:

—del i berate evacuparteipoanrlle da nadr e—aellv anceuraet iio
41 LESSONS LEARNED | [2011
1. Use of | ong t ehramu sseh ed v eea u aatgi o(ndH)n wa ¢

2. For the sake of a still better organization and efficient functioning of the na

justified action thawill need further analysis in the future.

emergency preparedness and response system the facility Emergency Respons
should put emphasize on the activities as meglipy the respective IAEA documents
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A3-07
Assessment Area: A37T EMERGENCY PREPAREDNESS AND RESPONSE
Facility: GENERAL

Unit:

Finding Title: ADDRESSING PUBLIC CONCERNS

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

Public communication is the responsibility of the local authorities. Residents affec
evacuation have been informed via local loudspeakersneasengers and the media. 1
central government asked the natioraald local media to assist in informing t
population. The Prime Minister has called upon the residents via a televised ¢
However, those who were affected the most could not use their television set for
electricity. Radio proved to be the mesficient means of communication.

Population affected by countermeasures can obtain information and advice from t
pages of the Japanese Government and the Ministry of Health, Labor and V
(MHLW). National medical centres (neurology, psychiptige also prepared to advice t
residents affected.

Daily ground monitoring andierial monitoring results are given to the media and
general public. Translation to English, kan and Chinese is done as much as poss
MEXT with JAEA hasestablished a telephone service for the general public on t
concerns ath radiation data. National Institute on RadiatiBoiences has establishec
hotlineto respondadiological exposure and health coneern

2.2.71 FINDINGS AT FUKUSHIMA -DAI-ICHI NP P:

31 CONCLUSIONS _ [ /2011

Informing the general public is of primary importance for the Japanese governme
local authorities. Various means of communication and information are used with suc

47 LESSONS LEARNED _ [ /2011

Openattitude, dedication, factual rightness and sufficient resources are absolutely ne
to cope with the information needs of the public.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A3-08
Assessment Area: A3 - EMERGENCY PREPAREDNESSAND RESPONSE
Facility: GENERAL

Unit:

Finding Title: ADDRESSING INTERNATI ONAL CONCERNS

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

- In the early phases of the accident the Japanese Government was not able tc
sufficient information tahe interested international community. It did not want to con
anything but had no sufficient information either. E.g. oAptil TEPCO released lov
level radioactive water into the sea, NISA had notified the IAEA before the e
however, for the fst changes and communication deficiencies the Japanese Gove
was unable to provide sufficient information to the neighboring countries. The gover
strives for improvements. It has changed its communication, in case of important
not only IAEA but also the neighluing countries are notified.

- The government is aware of import restrictions in some countries. It has been pre
explanations on the accident to the diplomatic corps and governments through
channels. The governmentderstands that the international community has concern
also believes that it is important to react using scientific arguments. The governr

aware of t he fact t hat Japan‘s inabi
elevation of estrictions in some countries.

2.2.7 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

371 CONCLUSIONS _ [/ [2011

The Japanese Government strives for open, sincere and complete information
international community. Initial failures had objective reasons anodintention of
concealing facts has ever occurred to the Japanese officials

47 LESSONS LEARNED _ [ /2011

Information of the general public and especially the international community is a ¢
and very delicate issue in case of a large sealergency. Information techniques sho
be elaborated and practiced to cope with this issue.

130



IAEA

FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A3-09
Assessment Area: A37 RADIOLOGICAL CONSEQUENCES

Facility: GENERAL/ FUKUSHIMA DAl -ICHI NPP

Unit:

Finding Title: SOURCE TERM

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

- The knowledge of the radioactive releases to the environment is necessary for the
understanding of the event and for the decision makingoantermeasures to protect t
population. The estimation of source term constitutes one the main features in the
to have a clear estimate of the radioactive releases and to know the behaviour
important structures and systems of the plant.

2.2.71 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

- The current available estimation of the source term was done by NISA (with the sup
JNES) and NSQvith the support of JAEA. On 12 April NISA calculated the estimé
valuesfor the purpose of rating the event on the INES scale that resulted in a level
resultsare presented in the following table:

Assumed amount of the discharge fro Amount of
Fukushima Daichi NPS discharge
NISA NSC from

Bq Bq Chernobyl

1-131  ...( a) 1.3 x 167 1.5 x 167 1.8 x 16°

Cs137 6.1x10° 1.2 x 16° 8.5 x 10°

Converted valug 2.4 x 10’ 4.8 x 167 3.4x 106°
tol-131 ...( b

(@) + (b) 3.7x 10’ 6.3 x 10’ 5.2 x 16°

Additionally, TEPCO has estimated that a total amourt.@fx 13° Bq was directly discharge
into the sea as liquid effluents.

All those estimations are found provisional and limited, because they do not consider
involved isotopes and the fact that releases have not yet stopped.

The reconstructionfaa most realistic source term could include the analysis oftinenological
eventsequence and real data from environmental monitoring and from meteorological con
in an iterative feedback process. This process should consider the dispersits ahatiéerent
time and distance ranges. All possible groups of isotopes should be considered in the
( Nobl e Gases, | Cs, Te, Sr , Pu..), a s-89/8re
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90). Differences in isotopic components foumdide the Containment Buildings versus th
found outside could give information on the integrity of the Containment Pressure Vessels
the discharges.

31 CONCLUSIONS _ [ /2011

The knowledge of the source term involved in the accidardrisidered of paramount importance
reach a clear understanding of the event and to determine the possible extend of its rad
impact on the public and the environment

47 LESSONS LEARNED _ /2011

International nuclear community should tad@vantage of the Fukushima accident to improve
to refine the existing methods and models to determine the source term involved in a
accident and to help decision making in emergency situations.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A3-10
Assessment Area: A37 RADIOLOGICAL CONSEQUENCES

Facility: GENERAL. FUKUSHIMA D Al-ICHI NPP

Unit:

Finding Title: OFF-SITE RADIOLOGICAL CO NSEQUENCES.

ASSSESMENT OF PUBLIC DOSES

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

Assessment of doses to the population is a key factor to conduct a proper managen
nuclear emergency. This is usually done using Decision Support Systems to predic
in different time and distance ranges, while they take feedipackthe real data from th
environmental monitoring. Direct monitoring of exposure to individuals is found cr
for public confidence.

Regarding the chronological sequence of the Fukushima accident and how rad
releases were produced, it was pussible to predict in advance the-site impact. Fo
this reason, data from monitoring the individuals and the environment pay a unique
the assessment of radiological consequences of the accident.

2.2.1 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

Jgpanese authorities have conducted direct monitoring of persons as well as the re
the environmental monitoring to support the assessment of doses. No significan
have been concluded as results of the personal contamination measurements.

As aresult of the accident, significant amounts of radioactive materials were disct
into the atmosphere, contaminating some areas around the facility. Nevertheless t
application of the Emergency Plans, such as evacuation (20 Km) and shelterr
30km), seems to have prevented significant exposure to the population.

Additionally, the authorities have decided to evacuate some towns in the NW area (F
Evacuation Zone), beyond the 2@nhknitial evacuation zone, based on the applicatio
the 20 mSwvyear projected dose criteria (ICRP for relocation) and the real radiolc
conditions (interpolation values were used where no measurements were available).

The evacuation of this NW area started several weeks after the accident and
finalized yet. Up to now there is not an estimation of real doses received in the P
Evacuation Zone, especially taken into account the exposurel8i I(cloud anc
deposition) and not only the deposited long or intermedium lived isotopes (Cs1:
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Cs137)

For the mentioned purpose, the Japanese authorities have created an especial
charged to define and to conduct health surveys and dose assessment of r
including those living in the NW area (Planned Evacuation Zone). This group compo
Fukushima Prefecture and Medical Universities, including Hiroshima and Nag
Universities.

31 CONCLUSIONS _ [ /2011

The proper assessment of doses to population is considered a key issue in the matr
of a nuclear emergency, both to give feedback to the decision making process, in
optimize protection strategies, and to gain confidence from the public. idddity, a
proper assessment of doses could contribute to defineoptiwchize the strategy fo
individual health monitoring. Japanese authorities have conducted direct monitor
persons as well as the results of the environmental monitoring to stipp@isessment
doses, and have created an expert group in charged to define and to conduct healtt
and dose assessment of residents, including those living in the NW area (F
Evacuation Zone).

47 LESSONS LEARNED _ [ /2011

Direct monitoring of individual exposure, when possible, and the use of the results
environmental monitoring, could help in achieving a realistic assessment of dos
enhance the confidence of the population and to determine the individual tnaeking
programme.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: AS3-11
Assessment Area: A3T RADIOLOGICAL CONSEQUENCES

Facility: GENERAL/ FUKUSHIMA DAI -ICHI NPP

Unit:

Finding Title: ENVIRONMENTAL MONITO RING

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

Environmental radiological monitoring is a key element for the management of a n
emergency, especially in cases with significant radiological releases.

In the Fukushima Dachi accident, the start of the environmental monitoring was del
due to the many difficulties found by the Fukushima Prefecture in charge o
monitoring. Most of the mentioned difficulties were caused by the same originak¢
that were in the origin of the nuclear accident; i.e. the earthquake, the tsunami &
SBO. For that reason, at the beginning of the post accidental situation no
environmental data were collected. Only after MEXT became in charge of the man
programmepn 15 March, they started to collect valuable environmental data.

2.2.1 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

In Japan, the Governments of Prefectures are in charge of emergency enviro
radiological monitoring. After the accident Fukushima Datichi NPP, the Prefecture ¢
Fukushima found a lot of difficulties to start the j@stablished monitoring programme
most of them due to the damages on the equipments caused by the earthquake, the
and the SBO. As for exampl@3 out of 24 monitoring posts were broken down
Fukushima prefecture and the-gffe centre became not operable.

Some actions were adopted to deal with that situation, using monitoring vehicles,
many data were collected in the period between the dLamMarch.

There were not availablaseful data on environmental monitoring for the evacua
decision, which was adopted regarding NPP status.

On 15 March MEXT became the central agency for environmental monitoring. E&
March the monitoring has lem enhanced and reinforced (aerial, oceanic, land). S
important support from IAEA and UBOE contributed to the impvement. Sophisticate
monitoring equipments ar e i nThamost signicant
exposure ways are currentinonitored, including land, marine and sky. Monitoring ite
include:
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o Dose rate. Fixed post and mobile units, aircrafts and ships
o Integrated dose at fixed monitoring posts
o Radionuclide analyses (mainhiB1 and C<l37)

A Dust, soil, pond water, weed

A Drinking water, fallout (47 Prefectures)

A Sea water and sea bottom soil

Airborne meaasurements using aircrafts are conducted in the 88rkmnonmentaroundthe
plant. From the obtained data they will decide on extension of the.range

Monitoring data weresed for the decision on the Planned Evacuation Zone.

No summarized map are yet available for ground monitoring, so far they ha
concentrated on the populatic@urrently they are in progress define a mesh and ma

mapping

The 47 prefectures makeeasurements every hour and present results to MEXT dai
Universities make measurements. The information is publicly available.

A huge effort is being done by the National Government in cooperation with nation
international specializedinstitutons to perform an efficient environmental monitori
Recently theGovernment of Japaias adopted a resolution to strengthen anoptonize
the monitoring capabilities in areas inside the Planned Evacuation Zone (PEZ) and
outside this zone withrelatively high dose rates. This includes terrestrial and
monitoring.

31T CONCLUSIONS _ [ /2011

Environmental radiological monitoring is a key element for the management of a n
emergency, especially in cases with significant radiological releases.

Environmental radiological monitoringprogramme have been enhanced from
beginning of the eant to date. Many difficulties were found to start the-gstablishec
monitoring programmes of local governments, most of them due to the damages
equipments caused by the earthquake and the tsunami. A huge effort is being don
National Govenment in cooperation witBpecializechational and international institutior
to perform an efficient environmental monitoring. Recently @mernment of Japaas
adopted a resolution to strengthen andgbmizethe monitoring capabilities in areas s
the Planned Evacuation Zone (PEZ) and in areas outside this zone with relatively hi
rates. This includes both airborne and sea monitoring.

47 LESSONS LEARNED _ [ /2011
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Results of the environmental monitoring programmes should be useful to give feed
optimizethe countermeasure strategy and to inform the public.

Emergency environmental radiological monitoring programmes should be define
exercised in advancedrmal conditions) to assure a fast and reliable deployment wh
accident occurs. The design should consider the potential of common cause failu
could affect the equipments simultaneously with the nuclear accident, such as S
extreme naturakvents, and the consideration of all resources available at nation

international levels to deal with such cases.
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FINDINGS SHEET

1. FINDING IDENTIFICATION Finding Number: A3-12
Assessment Area: A37 RADIOLOGICAL CONSEQUENCES

Facility: GENERAL/ FUKUSHIMA DAI -ICHI NPP

Unit:

Finding Title: ON-SITE RADIOLOGICAL CO NSEQUENCES. RADIATION

PROTECTION OF WORKER S

2. FINDINGS

2.1- FINDING DESCRIPTION: BACKGROUND

- Radiation protection of workers in an accident with serious radiologigaications, both
on-site and offsite, is a key issue, not only from the view point of preventing radiolo
diseases to individuals, but to contribute to the proper development of the mit
activities onsite. While the radiation protection pragnme is effective, it will reassu
workers to assume the radiological risks associated to their tasks in a confident atm
of protection.

- The accident of Fukushima Dahi NPP has challenged the development of a pr
radiation protection programnué workers, due to several facts, such as the damage
normal dosimetry system, the loss of dosimeters and especially the extreme radi
conditions in some areas of the plant.

2.2.71 FINDINGS AT FUKUSHIMA -DAI-ICHI NPP:

- Japanese regulation®r Radiation Protection are in line with the recommendat
established by ICRP in publication ICFR® (1990). Dose limits for workers a
established in terms of Effective Dose (ED) in 100 mSv for the period of 5 years,
maximum of 50 mSv in a sjte year, and for women 5 mSv/3m.

- For emergency situations predefined individual dose reference levels are used rat
limits. At first, an individual dose reference level of 100 mSv was established. Aft
assessment of the accidental situatimmthorities decided to increase the reference |
for individual dose up to 250 mSv ED, for the sum of external and internal expc
during the emergency period. This was to permit the needed activities of mitigatic
compatible way with the protgan of workers.

- The operator has established a lesser reference level (200 mSv) to assure the fulfil
the one determined by authorities. Internal dose is measured by whole body
(WBC) for those individuals with external doses above 100 mSv.

- During the accident the Management system of individual dosimetry became inop
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unable to gather access control information for Radiation Controlled Areas (RCA)
gather personal dose data. Additionally, the Automatic Personal Dosimeter (A&tBins
was inoperable and they were unable to use 5,000 dosimeters. At first days, the
gather only 320 APD.

To deal with that problem, they established a provisional approach that included the
shared dosimeters for some workers under specriteria and manual log register
individual doses. Gradually situation has enhanced. Now approximately 2,100 APL
are available

NISA has issued instructions on radiation protection to comply with by TEPCO i
specific cases of lack of dosinees and lack of enough whole body counters.

Gradually the situation has improved. @4 April they introduced a simplified acce
control system, based on combination of APD andcbde system. A new system h
been established o8B0 May for the managenm¢ of radiation exposures of worke
including actions as those defined bellow:

o0 Management of exposure doses (reporting on some works by TEPCPO to MH
o0 Health checkups establishing a system to connect with individual doses DB

o Introduction of a system testablished priorities for the assessment of internal d
based on several criteria: accumulated external doses higher than 100 mSy,
i nvol ved in operations and especi al

Monitoring of dose rates in diffent areas of the plant is done on a continuous basi
results are represented in useful radiation maps.

Every intervention in RCA is planned. Time of work in RCA for is limited to a maxin
of 2 hours for every worker. Gradually especial tools have been introduced to suppo
in areas with highest radiation levels or serious contamination, such as sofmb
unmanned equipments.

A comprehensive protocol betweeiVillage and Fukushima Dachi has been establishe
for a strong coordination of radiation protection controls of all personnel enterin
restricted area and the facility. Around 2,000 woskarday are provided with radiati
protection equipment inVillage.

As for radiation protection of outside workers and first time interveners, TEPCO prov
short training before entering the NPP on protective clothes, radioactivity and re
work processes.-Yillage is used for this training. Registration is going on for retroac
health care.

Radiological prophylaxis with lodine tablets was administered to the personnel work
the facility first days after the accident.
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So far 3 May) 30 workers are over 100 mSv external doses. BdtMarchthere were
21 people to receive 100 mSyv, the maximum internal dose was less than 40 mSv. S
remain concerned and want to do the entire WBC evaluation as soon as possible.

The presence ofignificant amount of very highly contaminated water in some build
and trenches continues to be a matter of special concern, both for radiation prote
workers and the potential risks of uncontrolled releases to the sea.

A number of actions havalready been adopted by TEPCO and additional action
included in the recovery roadap for achieving efficient control of the contamina
water. In this aim additional consideration should be done to some remarkable n
such as those presenteddve

1 Minimization of the inventory and production of contaminated water in a
compatible with the cooling of the Reactors and the Spent Fuel Poatsniimizing
contaminated water, the final objective should be the establishment of close ¢
systens, and intermediate objectives should consider the reuse and the re
contaminated water.

1 The installation of temporary additional storage and decontamination capa
should strengthen the application of specific safety criteria, both to abkiyiry
reliable and efficient operation of systems and to prevent accidental leaks
potential of natural events, such as earthquakes and tsunamis, should be cons
the design and operation procedures of those systems.

At last, TEPCO reportedhat two workers have received doses that could excee
established reference dose levels (250 mSv) due to exposut&1aduring the mitigatior
activities in Fukushima Dachi. They plan to make an assessment of the internal ¢
(thyroid gland) reeived by these workers

As summarythe established procedures to control the exposure of workers in Fuku
Dai-ichi NPP seem to be efficient in assuring a high level of protection in a cont
extreme difficulties.

31T CONCLUSIONS _ [ /2011

The established procedures and organizations to control the exposure of work
Fukushima Daichi NPP and Village seem to be efficient in assuring a high leve
protection in a context of extreme difficulties (areas seriously contaminated and Je
dose rate levels). A matter of concern is the presence of significant amount of very
contaminated water in some buildings.

The individual internal dose controls for all workers are encouraged to be done as
possible, especially for those wkers involved in the mitigation activities at the beginn
of the accident when releases occurred.
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47 LESSONS LEARNED _ [ /2011

Protection of workers in emergency situations should be considered a key issue to
unnecessary exposures andstpport the mitigation activities. In the optimisation proc
for exposure of workers in emergency situations consideration should be done to a
application of the dose reference levels and the introduction of practical tools, suct
extensie use of radiological maps of the site or the use of special equipment (robc
unmanned tools). Classification of workers in different groups of risk could help to op
the dosimetry and protection resources.

Especial attention should be paid ke toutside workers and first responders, in term
previous information and training.

A number of lessons could be learned for the international community from the expe
of Japan in providing large scale radiation protection in response to therdgccid
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ANNEX | - MISSION PROGRAMME

Tuesday, 24 May 2011:

A.M.: Arrival of expertsto Tokyo, Narita Airport, transfer to hotel.

09:00 Briefing and discussion @Main Lobby

12:00 Lunch

13:00 Technical Discussion @Banquet room PromingiBdefloor) ~18:00

16:40 Transport by bus to METI

17:10 Courtesy visit to Mr Banri KaieddJlinister of Economy Trade and Industry
@Mi ni ster Kaieda's office (20min)

17:30 Press Contact (doorstep interview) after the courtesy visit (20min)

17:55 Returnto hotel by bus

18:10 Working dinner

The room is booked until 24:00

Wednesday, 25May 2011:

08:30 Departure from Hotel ANA by bus

09:00 Arrival at METI

09:00 Technical Discussions @METI conference room (17th floor, Main bldg.)
(3h20min)

12:20 Lunch (Lunch box)

13:20 Departure from METI

13:50 Arrival at MOFA

13:50 Courtesy visit to Mr Takeaki Matsumoto, Minister of Foreign Affairs, (MOFA)
(30min)

14:20 Press contact (Doorstep Interview) (10min)

14:30 Departure from MOFA

14:40 Arrival at NISA/METI

14:40 Technical Discussions @METI (1h20min)

1600Departure from METI t oPMOhe Pri me Minist

16:30 Arrival at PMO

16:30 Courtesy visit to Mr Yukio Edano, Chief Cabinet Secretary (30min)

17:00 Press contact (Doorsteptérview) (10min)

17:10 Departure from PMO

17:30 Arrival at MEXT

17:30 Courtesy visit to Mr Yoshiaki TakakiMinister of Education, Culture, Sports,
Science & Technology (MEXT) (20min)

17:50 Press contact (Doorstep interview) (10min)

18:00 Departure fron MEXT

18:10 Arrival at Hotel

18:10 Working Dinneruntil 24:00

Thursday, 26 May 2011:
07:00 Departure from ANA Hotel
10:00 Arrival at Tokai Daini NPP (Japan Atomic Power Co.)
10:00 Site tour (120min)
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12:00 Departure fromTokai Daini NPP

12:00 Lunchon board

14:00 Arrival at JVillage

14:00 Change clothes ~14:30

14:30 Departurefrom-¥i | | age by TEPCO's bus

15:00 Arrival at Fukushimdai-ni NPP (Tokyo Electric Power Co.)

15:00 Radiation survey (20min)

15:20 Briefing (30min)

15:50 Plantobservation (water intake, heat exchanger building, T/B, R/B from outside)
(2hrs 50min)

18:40 Radiation survey (20min)

19:00 Observation of the Joint Conference

19:00 Q&A, Interviews (60min)dinner boxX@ TEPCO)

20:00 Departure from Fukushimaai-ni NPP

20:30 Arrival at }Village

20:30 Radiation Survey (60min)

21:30 Departure from-Village

23:00 Arrival and checkn at Hotel Square (Hitachi, Ibaraki Prefecture 02246531)

Friday, 27 May 2011
07:00 Departure from Hotel Square Hitachi
07:00 Breakfast on board (snack boughtTiokai Dakni)
08:30 Arrival at JVillage
08:30 Change clothes ~09:00
09:00 Departurefrom¥i | | age by TEPCO‘'s bus
09:30 Arrival at Fukushimaai-ni NPP (Tokyo Electric Power Co.)
09:30 Radiation survey (30min)
10:00 Briefing, information exchange, interviews, snack lunch (60min)
11:30 Departure from Fukushimaai-ni NPP
12:00 Arrival at Fukushimdai-ichi NP
12:00 Plant observation (water intake, other facilities) (2hrs 30min)
14:30 Radiation survey (30min)
15.00 Emergency operation bldg. (seismic isolation BldggOmin)
15:30 Departure from Fukushimaai-ichi NPP
16:00 Arrival at JVillage
16:00 Radiation Survey (60min)
17:00 Departure from dVillage
17:00 Snack on board (bought Trokai Dakni or by stopping taa highway service
station)
20:30 Arrival at ANA Hotel
2030 Screeningah ot el @Banquet room _Aurora‘ (B1F)
21:00 Working Dinner room 2400hrs

Saturday, 28May 2011:
08:30 Internal IAEA meeting with experts, splifp into 3 groups (37F, 606, 610)
09:00 Informal technical discussiongth Japanese institution @m quet room _ Ar
(37F)
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1200Lunch @Banquet room _Aries’ (37F)

13:00 Informal technical discussiongith Japanese institutio@®@Banquet room _A
(37F)

18:00 Finish of discussion

18:00 Team meeting

1900 Di nner @Banquet r o-working@adr240¢ | I | ° (B1F)
Sunday, 29 May 2011

09:00l nf or mal technical di scussions @Banquet

12:00 Lunch

13:00 Preparation of Repo@Banquet room _Gl ory’ (B1F)
17:00 Coordinationwith Admin

19:00 Submittingthe draft report to the Government of Japan

19.00 WorkingDi nner @Bangquet room _Glory" (B1F)

Monday, 30May 2011:

09:00 Departure from ANA Hotelo NISA/METI

09:10 Informal technical discussions

12:00 Lunch

14:00 Review of Report with NISA

18:00 Departure from METI

18:30 Dinner @Hote,Lb anquet room _Glory" (B1F)
20:00 Informal technical discussions, review of report

Tuesday, 31May 2011:

09:00 Departure from ANA Hotelo NISA/METI

09:10 Formal technicatliscussions, review of Report

12:00 Lunch

18:00 Departure from METI

1830Cheese & Wine Reception at Mr T
1830Di nner @banquet room _Glory" (B

Wednesday, 1 June 2011:

08:30 Departure from ANA Hotel

0900 Arri val at Pffidkeme Mi nister "' s

09.00Cl osing Meeting @Prime Minister*®s offic
09:30 Press contact: Doorstep interviews

18:00 Hospitalities

Thursday, 2 June 2011:

A.M. Experts return home.
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ANNEX Il - LIST OF PARTICIPANTS

A.l |AEA REVIEW TEAM :

TEAM LEADERSHIP

Mr WEIGHTMAN, Michael William
United Kingdom
(Team Leader)

Health and Safety Executive (HSE)
Office for Nuclear Regulation (ONR)
4N.2 Redgrave Court

Merton Road, Bootle
MERSEYSIDEL20 7HS

United Kingdom

Tel: +44 151 951 4168

Fax: +44 151 951 4821
mike.weightman@hse.gsi.gov.uk

Mr JAMET, Philippe
France
(Deputy Team Leader)

Autorité de Sarete Nucléaire (ASN)
6 place du Colonel Bourgoin
75572 PARIS Cedex 12

France

Tel: + 331401986 35

Fax :+ 33140 19 86 09

Mobile : + 336 66 40 09 71
philippe.jamet@asn.fr

INTERNATIONAL EXPERTS

Mr GODOY, Antonio *1

Argentina

(Effect of earthquake, tsunami, explosion and aft
shocks on SSCs)

Chivilcoy 1178 Castelar (1712)
BUENOS AIRES Argentina
Tel: +54-11-46270762

Mobile: +43 (664) 41 39 328

agodoy@aon.at

Mr GUERPINAR, Aybars *1
Turkey
(External Events Assessment)

Tokoglu Mah.

1068 Sok. No. 31

Alacati, CESME Turkey

Tel: +902327169879

Mobile: +436645385787
aybarsgurpinar2007 @yahoo.com

Mr GORYACHEYV, Alexander Valentinovich *2
Russian Federation
(Spent Fuel Management under severe degradat

NIIAR

Group head, Fuel Research Department
JSC —State Scientific
At omic Reactor sl

433510 DMITROVGRAD-10, Ulyanovsk region,
Russia

Tel: +7(84235) 65674

Mobile +7 9063943686

Fax +7(84235) 65663
goryachev@list.ryjvv@niiar.ru

149



mailto:mike.weightman@hse.gsi.gov.uk
mailto:philippe.jamet@asn.fr
mailto:agodoy@aon.at
mailto:aybarsgurpinar2007@yahoo.com
mailto:goryachev@list.ru
mailto:jvv@niiar.ru

IAEA

Mr CHAI, Guohan *2
People's Republic
(Safety Assessment and DeferigceDepth)

of (

Chief Engineer, Nuclear and Radiation Safety
Centre Ministry of Environmental Protection

54 Hong Lian Nan Cun, Haidian Distri@EIJING
100082 People‘s Republ
Tel: +86:10-8221-2561

Fax: +8610-62257804

chaiguohan@126.com

Ms UHLE, Jemifer *2
United States of America
(Severe Accident: Analysis)

US Nuclear Regulatory CommissigdSNRC)
21 Church Street, RCHVILLE

MD 20852 USA

Tel: +1-301-251-7402
Jennfer.Uhle@nrc.gov

Mr SUNG, Key Yong *2
Republic of Korea
(Severe Accident: Analysis)

Head, Risk Assessment Department
Korea Institute of Nuclear Safety (KINS)
Yousongku Kusongdong 19,

DAEJEON 305600

Republic of Korea

Tel: +82-42-8680158

Mobile: +8210-82474543
k109sky@kins.re.kr

Mr CHANDE, S. K. *2
India
(Severe Accident: Management Procedures)

Vice-Chairman,

Atomic Energy Regulatory Board (AERB),
Niyamak Bhavan, Anushaktinagar
MUMBAI

PIN. 400094, India

Tel: +91-22-25574024

Mobile: +91-:981-983-2100

vc@aerb.gov.in

Mr LUX Ivan *3

Hungary

(Emergency preparedness and response: protec
actions)

Deputy Director General

Nuclear Safety Directorate

Hungarian Atomic Energy AuthoritfHAEA)
1539BUDAPEST, P.O.Box 676

Hungary

Tel:+36-1-4364-881

lux@haea.gov.hu

Mr SUMARGO, Dedik Eko *3

Indonesia

(Emergency preparedness and response:
governmental infrastructure and communication)

Head for Suldirectorate of Nuclear Emergency
Prepredness

Nuclear Energy Regulatory Agency (BAPETEN)
P.O. Box 400, JI. Gajah Mada No. 8

JAKARTA, Pusat, 10120

Indonesia

Tel: +6281382198211+622163856518
d.sumargo@bapeten.go.id
de.margo@yahoo.com
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Mr LENTIJO, Juan Carlos *3
Spain
(Radiological Consequences)

General Director for Radiation Protection
Consejo de Seguridad Nuclear (CSN)

¢/ Pedro Justo Dorado Dellmans, 11
28040 MADRID

Span

Tel: +3491-346-0622

Fax: +3491-346-0528

Mobile +34630-082273

icll@csn.es

INTERNATIONAL ATOMIC ENERGY

AGENCY ( IAEA) EXPERT TEAM

Mr LYONS, James Edward

Director

Division of Nuclear Installation Safe{(fdSNI)
Department of Nuclear Safety and Security
IAEA

Vienna International Centre

P.0.Box 140Q VIENNA, Austria

Tel: +431-260022520

J.Lyons@iaea.org

Mr SAMADDAR, Suijit Kumar

Head, Inérnational Seismic Safety Cen({i8SC)
Division of Nuclear Installation Safe{(fuSNI)
Department of Nuclear Safety and Security
IAEA

Vienna International Centre

P.0O.Box 140Q VIENNA, Austria

Tel: +431-260022513
S.Samaddar@iaea.org

Mr BRADLEY Jr, Edward Eugene

Nuclear Engineer

Research Reactor Secti(RRS)

Division of Nuclear FueCycle and Waste
Technology (NEFW)

Department of Nuclear Energy

IAEA

Vienna International Centre

P.O.Box 140Q VIENNA, Austria

Tel: +431-260022759
E.Bradley@iaea.org

Ms NAMMARI, Nadia

Project Assistant

Safety Assessment Secti(BAS)

Division of Nuclear Installation Safe(iNSNI)
Department of Nuclear Safety and Security
IAEA

Vienna International Centre

P.O.Box 140Q VIENNA, Austria

Tel: +431-260025557
N.Nammari@iaea.org
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IAEA PUBLIC INFORMATION TEAM

Mr WEBB, Gregory Paul

Press and Public Information Officer
Media and Outreach Section
Division of PublicInformation(MTPI)
Department of Management

IAEA

Vienna International Centre
P.O.Box 140Q VIENNA, Austria
Tel: +431-260022047

Mobile: 4369916522047
G.Webb@iaea.org

Mr PAVLICEK, Petr

Video EditofCameraman

Media and Outreach Section
Division of Public InformatioMTPI)
Department of Management

IAEA

Vienna International Centre
P.0O.Box 140Q VIENNA, Austria
Tel: +43-1-2600-26390

Mobile: +43-699-165-26390
P.Pavlicek@iaea.org

IAEA LIASIO

N OFFICER

Mr MORITA, Shin

Nuclear Safety Officer

Intemational Seismic Safety Centre (ISSC)
Division of Nuclear Installation Safe{(fdSNI)
Department of Nuclear Safety and Security
IAEA

Vienna International Centre

P.0O.Box 140 0,VIENNA, Austria

Tel: +43-1-260022614

S.Morita@iaea.org
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A.2 JAPANESE ORGANIZATIONS

Officials of theGOVERNMENT OF JAPANNd governmental advisory committee members,
including from:

Prime Minister‘s Office;
Ministry of Foreign Affairs (MOFA);

Ministry of Economy, Trade and Industry (MET]I)
Nuclear and Industrial Safety Agency (NISA);
Ministry of Education, Culture, Sports, Science and Technology (MEXT);
Ministry of Agriculture, Foestry and Fishery (MAFF);
Ministry of Health, Labour and Welfare (MHLW);,
Nuclear Safety Commission (NSC);

Japan Nuclear Energy Safety Organization (JNES);
Japan Atomic Energy Agency (JAEA);

Tokyo Electric Power Company Ltd. (TEPCO);
Japan Electric Pow&ompany Ltd. (JAPC)

The Committee's members, academic experts
Japan).

=4 =4 =4 4 4 -4 45 -5 -5 -3 -5 -2 -2

PRI ME MI NI STIER@MO)OF F

Chief Cabinet Secretary,

Mr EDANO, Yukio Minister of State for Okinawa and Northern Territories Affairs

Mr HOSONO, Goshi Special Advisor to the Prime Minister

MINISTRY OF FOREIGN AFFAIRS (MOFA)

Mr MATSUMOTO, Takeaki | Ministerfor Foreign Affairs

Director General, Disarmament, N®moliferation and Science

Mr MIYAGAWA, Makio
Department
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Mr KOIZUMI, Tsutomu

Director, NonProliferation,Science and Nuclear Energy Divisic
Disarmament, NoiProliferation and Science Department

Mr ONISHI, Kazuyoshi

Deputy Director, International Nuclear Energy Cooperation
Division, Disarmament, NeRroliferation and Science
Department

MINISTRY OF ECONOMY, TRADE AND INDUSTRY (METI)

Mr KAIEDA, Banri

Minister forEconomy Trade and Industry

NUCLEAR AND INDUSTRI AL SAFETY AGENCY (NI SA)

Mr TERASAKA, Nobuaki

Director General

Mr NEI, Hisanori

Deputy Director Generdbr Nuclear Fuel Cycle

Mr BANNAI, Toshihiro

Director, International Affairs Office
Bannattoshihiro@meti.go.jp

Mr YAMADA, Tomoho

Director, Nuclear Power Licensing Division
Yamadatomoho@meti.go.jp

Mr MITA, Shunichiro

SeniorSafety examiner, Seismic Safety Office
Nuclear Power Licensing Division

Mr SUGIHARA, Yutaka

Safety examiner, Seismic Safety Office
Nuclear Power LicensinBivision

Mr YOSHINO, Masaharu

Director for Safety Examination,
Nuclear Power Licensing Division

Mr OHSHIMA, Toshiyuki

Director for Safety Examination,
Nuclear Safety Regulatory Standards Division
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Mr AOYAMA, Katsunob u

Deputy Director, Nuclear Power Plafaging Management Office
Nuclear Power Inspection Division

Mr TAKASU, Tsuyoshi

Safety examiner, Nuclear Power Licensing Division

Mr MAEKAWA, Yukinori

Director, Nuclear Emergency Preparedness Division

Mr KOSAKA, Atsuhiko

Deputy Director, QualityAssuranceNuclear Power Inspection
Division

Mr NAKAMURA, Koichiro

Deputy Director General for Nuclear Safety

Mr TAKABATAKE, Masaaki

Head of Radiation Group, Emergency Response Centre

Mr ICHIMURA, Tomoya

Head of Coordination Group, Emergency Respons#r€e

Mr YONEYAMA, Hiromitsu

Chief Nuclear Safety Inspector
Nuclear Power Inspection Division

Mr ONO, Yuiji

Deputy Director, Nuclear Safety Regulatory Standard Divisior

MINISTRY OF EDUCATIO N, CULTURE, SPORTS AND TECHNOLOGY (MEXT )

Mr TAKAKI, Yoshiaki

Minister for Education, Culture, Sports and Technology

Mr SASAKI, Ryuzo

Senior Vice Minister

Mr GODA, Takafumi

Director General, Science and Technology Policy Bureau
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Mr WATANABE, Itaru

Senior Deputy Director General
Science and Technology PoliByreau
Exec Director for Nuclear Safety
iwatana@mext.go.jp

Mr AKASAKA, Naoaki

Director, Office of International Relations,
Nuclear Safety Division

Science and Technology Policy Bureau
akasaka@mext.go.jp

Mr TANABE, Kuniharu

Deputy Head, Resident s Saf

Support Team, Cabinet Office

Mr CHAYAMA, Shuichi

Head of Radiation Group, Nuclear Sufferers Life Support Tea
Cabinet Office

Mr FUKUSHIMA, Yasumasa

Head of Medical Care Group, Nuclear Sufferers Life Support
Team, Cabinet Office

MINISTRY OF AGRICULT URE, FORESTRY AND FISHERY (MAFF):

Mr AKIYAMA, Noritaka

Deputy Director, Food Security Division, Secretariat

Mr ENDO, Hisashi

Director, Ecosystem Conservation Office, Fisheries Agency

Mr MORITA, Takami

Senior Research Coordinator, Fisheries Agency

Mr SATOH, Yuusuke

Fisheries Coordination Division Chief, Fisheries Agency

MINISTRY OF HEALTH, LABOUR AND WELFARE ( MHLW)

Mr MIYAHARA, Shintaro

Policy Planning Division, Industrial Safety and Health
Department, Labour Standards Bureau

Mr MORI, Tadashi

Industrial Health Division, Industrial Safety and Health
Department, Labour Standards Bureau
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JAPAN NUCLEAR SAFETY COMMISSION (J NSC)

Mr MADARAME, Haruki

Chair

Mr KUKITA, Yukata

Deputy Chair

Ms KUSUMI, Shizuyo

Commissioner

Mr OYAMADA, Osamu

Commissioner

Mr SHIROYA, Seiji

Commissioner

JAPAN NUCLEAR ENERGY SAFETY ORGANIZATION (JNES)

Mr NAKAGAWA, Masaki

Director,EmergingNations TrainingCentre Office of
InternationalProgramme
Nakagawamasaki@jnes.go.jp

Mr SAITO, Minoru

Assistant Director General, Nuclear Emergency Preparednes
Response Division

Mr EBISAWA, Katsumi

Associate Vice President

Mr HAYASHIDA, Yoshihisa

Director, Radiation Safety and Water Chemistry Evaluation
Group, Nuclear Energy System Safety Division

Mr ABE, Hiroshi

Senior Staff, Seismic Safety Division

Mr CHANGJIANG, Wu

Senior Resaaher, Seismic Safety Division

Mr SUGINO, Hideharu

Senior Researcher, Seismic Safety Division
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Mr ANZAWA, Tokio

Principal Staff, Nuclear Energy System Safety Division

Mr MOTOHASHI, Shohei

Senior Counsellor, Seismic Safety Division

Mr WATANABE, Atsushi

Senior Staff, Nuclear Energy System Safety Division
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Representatives of Licensees:

TOKYO ELECTRIC POWER COMPANY LIMITED (TEP CO)

TOKYO HEADQUARTERS

Mr MASUDA, Naohiro

Superintendent, Fukushima BaiNPP
Masuda.naohiro@tepco.co.jp

Mr KAWANO, Akira

General Manager,
Nuclear Power & Plant Siting Administrative Dept.
Kawano.akira@tepco.co.jp

Mr NISHIOKA, Hiroak i

Overseas Business Development Dept.,
International Affairs Dept.
Nishioka.hiroaki@tepco.co.jp

Mr TATEIWA, Kenji

Deputy Manager, Overseas Business Development Dept.,
International Affairs Dept.
tateiwa.kenji@tepco.co.jp

Mr SUZUKI, Akira

Group Manager, Nuclear Power Plant Management Dept.
Suzuki.akilla@tepco.co.jp

Ms KUMANO, Yumiko

Transport Engineerin@roup, Nuclear Fuel Cycle Department
kumano.yumiko@tepco.co.jp

Mr ITO, Shinichi

General Manager, Nuclear Power & Plant Siting Administrativ
Dept.
Ito.shinichi@tepco.co.jp

Mr MIYATA, Koichi

Group Manager, Nuclear Asset Management Dept.
Miyata.koichi@tepco.co.jp

Mr ONO, Masayuki

Group Manager, Nuclear Quality and Safety Dept.
Ono.masayuki@tepco.co.jp

Mr OTSUKA, Yasuyuki

Deputy Manager, Nuclear Asset Management Dept.
Otsuka.yasuyuki@tepco.co.jp

Mr FUKUDA, Toshihiko

General Manage Nuclear and Siting Division
Fukuda.toshihiko@tepco.co.jp
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Mr SAKAI, Toshiaki

General Manager, Construction Engineering Center, Constru
Dept.
Salai.toshiaki2@tepco.co.jp

Mr ASAI, Satoshi

Deputy Manager, Nuclear Asset Management Dept.
Asai.satoshi@tepco.co.jp

Mr MIZUTANI, Hiroyuki

Deputy Manager, Nuclear Asset Management Dept.
Mizutani.hiroyuki@tepco.co.jp
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Mr YOSHIDA, Masao

Superintendent
Yosida.masao@tepco.co.jp

Mr YOSHIZAWA, Atsufumi

Unit Superintendent
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Mr INAGAKI, Takeyuki

General Manager, Maintenance Dept.
Inagaki.takeyuki@tepco.co.jp
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Mr MASUDA, Naohiro

Superintendent
Masuda.naohiro@tepco.co.jp

Mr KAWAMURA, Shinichi

Unit Superintendent
Shinichi.kawamura@tepco.co.jp

JAPAN ELECTRIC POWER COMPANY LIMITE D (JAPC)

Mr ITO, Hiroyasu

Deputy General Manager, Plant Management Dept, Headqua

Mr KENDA, Hirofumi

Station Manager, TOKAI Dani Power Station
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