IV. Occurrence anBevelopmenbf theAccidentatthe Fukushima Nuclear Power Stations

1. Outline of Fukushima Nuclear Power Stations

(1) Fukushima Dachi Nuclear Power Station

Fukushima Dachi Nuclear Power Stationhéreinafter referred to ddPS is located in
OkumaTown and Futabdlown, Futaba County, Fukushima Prefecture, fa¢ivg Pacific
Oceanon the east sidd he site has &alf oval shape with the long axis along ttwastline
andthe siteareais approx. 35 million square meters. This isgHirst nuclear power station
constructed and operated the Tokyo Electric Power Company, Incorporathdréinafter
referred to asTEPCQ. Sincethe commissioning ofUnit 1 in March 1971, additional
reactorshave beertonstructed in sequence and ther six reactorsiow. The total power
generatingapacity of thdacilities is 4696 million kilowatts.

TablelV-1-1 Power Generatig Facilities of Fukushima Dachi NPS

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6
Electric output
(10,000kW) 46.0 78.4 784 78.4 78.4 110.0
Start ofconstruction| Sep.1967 | May 1969 | Oct.1970 | Sep.1972 | Dec.1971 May 1973
Commissioning Mar.1971 | Jul.1974 | Mar.1976 | Oct.1978 | Apr.1978 Oct. 1979
Reactor type BWR-3 BWR-4 BWR-5
Containment type Mark | Mark Il
Number of fuel 400 548 548 548 548 764
assemblies
L\c')‘g:ber of control 97 137 137 137 137 185

FigurelV-1-1
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(2) Fukushima Daii NPS

Fukushima Daii NPSis located in Tomiokalown and Narahalown, Fuaba County,
Fukushima Prefecture, approx. 12 km southFaokushima Dachi NPS and faceghe

Pacific Ocearon the east sidd he sitehas a nearly square shape and theasiais approx.
1.47 million square meters. Sindbe commissioning ofUnit 1 in April 1982, additional
reactorshave beeronstructed in sequence and there are four reaabarsTime total power
generatingzapacity of thdacilities is 44 million kilowatts.

TablelV-1-2 Power Generating Facilities &ukushima Daii NPS

Unit 1 Unit 2 Unit 3 Unit 4
Electric output
(10,000KW) 110.0 110.0 110.0 110.0
Startof Nov. 1975 Feb.1979 Dec.1980 Dec.1980
Construction
Commissioning Apr. 1982 Feb.1984 Jun.1985 Aug. 1987
Reactor type BWR-5
Containment type Mark Il ImprovedMark Il
Number of fuel 764 764 764 764
assemblies
Number of control rods 185 185 185 185
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FigurelV-1-2 Geneal Layout ofFukushima Daii NPS
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2. Safety Assurance and Other Situations in Fukushima NPSs

(1) Design requirements of nucleavper stations

As described in Chapter Il, nuclear power stations must satisfy legal requirements specified
in the Reactor Regulation Act, the Electricity Business Act and other relevant laws and
regulations.

When receiving an application for installingnaiclear power station from an applicant,

Nuclear and Industrial Safety Agenchefeinafter referred to aNlISA) conducts the

primary safety reviepwshouldconsultthe Nuclear Safety Commissioingreinafter referred

to as theNSC Japan and shallreceivetheir opinion based on the result of their secondary

safety review. After NISA considers the opinionstbé NSC Japanand examines the

results of the safety reviews, the Minister of Economy, Trade and Industry gives the
applicant permission to install inddually for each reactor. In these safety reviews, NISA

andthe NSC Japancheck that the basic design or the basic design policy of the nuclear

power station conforms to the permission criteria specified in the Reactor Regulation Act,

for example, in Arc | e 2 4, AnThe | ocati on, structur e, an
facility shall not impair prevention of disasters caused by the nuclear reactor, its nuclear
fuel material, or objects contTheNiSAdapand wi t h
condicts safety reviews based on the most recent knowledge and by referring to regulatory
guides established hifie NSC Japaras specific judgment criteria.

Regulatory guides are roughly divided into four types: siting, design, safety evaluation, and

dose targt values One of the regulatory guides for d
Revi ewing Safety Desi gn of Light wall er Nucl
(hereinafter referred to aRegulatory Guide for Reviewing Safety Desigpecifies the

basic degn requirements for nuclear power stations. It contains a provision about design
considerations against natural phenomena, which specifies that structures, systems, and
components (SSCs) with safety functions shall be designed to sufficiently withstand
appropriate design seismic forces and shall be designed such that the safety of the nuclear
reactor facilities will not be impaired by postulated natural phenomena other than
earthquakes, such as floods and tsunami.

It also specifies requirements for safdgsign against external human induced events, such
as collapse of a darandfires and others.

V-3



Basic Judgment criteria for validation of design policies against earthquakes and tsunami

are specified in the fARegul at orNucle® ®Powdre f or R
Reactor F a2 (the ilatest eersion estadblRshed thye NSC Japanin September

2006 hereinafterreferred as Regulatory Guide for Reviewing Seismic Degigwhich

supplements the Regulatory Guide for Reviewing Safety Design.

TheRRgul atory Guide specifies the basic policy
from a seismic design standpoint shall be designed to bear even those seismic forces
exerted as a result of the earthquake ground motion, which could be appropriately
podulated as having only a very low possibility of occurring within the service period of

the Facilities and could have serious affects to the Facilities from seismological and
earthquake engineering standpoints, considering the geological features, @dologic
structures, seismicity, etc. in the vicinity of the proposed site, and such Facilities shall be
designed to maintain their safety functions
specifies that uncertainties (dispersion) in formulatingDksignBasis Ground Motiorss

shall be considered by appropriate methods and that the probabilisgseedence should

be referred to.

The Regulatory Guide also contains consideration of tsunami as accompanying events of
earthquakes, fi S a fFacilitips shall nat bei signifcantly impatre doy

tsunami of such magnitude that they could only be reasonably postulated to have a very low
probability of occurring and hitting the Facilities within the service period of the
Facilities. 0 M Regulatone Guida degcribesntrattthe design of the

Facilities appropriate attention should be paithb possibility of occurrenceof the

exceeding ground motion to the determined one and, recognizing the existence of this
firesidual risk, every effot should be made to minimize it as low as practically possible

The NSC Japanrequests that government agencies ask licensees to cdraaibchecks of

seismic safety based on specifications in this Regulatory Guide, along with quantitative
assessmeqnitd wdl fArri sksd by positively introduci
(hereinafter referred to @SA), and review the results. In response to this request, NISA

i ssued Al mpl ementation of seismic safety ass
facilities and other facilities to reflect the
Seismic Design of Nuclear Power Reactor Facil
g ui d e s3pdnd rdgRestedicenseesto carry out backchecks of seigc safety and
assessiresidual risks.
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(2) Designbasisevents to be considered in safety assessment

1) Defining desigrbasisevents in safety assessment
As described in Chapter I, the Regulatory Guide EoaluatingSafety Assessment of
Light Water Reactor Facilitiegdentifiesevents to be considered in the safety design and
assessment of nuclear facilities and defines them as dessggevents.

Designbasisevents regarding loss of external power supply, total AC power loss, and
systems for trarporting heat to the ultimate heat si(kereinafter referred to as the
ultimate heat sink)which occurred as part of this accident, are described below.

The Regulatory Guide fdevaluatingSafety Assessment of Light Water Reactor Facilities
takes loss oéxternal power supply as an abnormal transient during operation and requires
check of appropriateness of relevant safety equipment. On the contrary, the Regulatory
Guide for Reviewing Safety Design does not take total AC power loss as a dasign

event This is because it requires emergency power supply systems to be designed with a
high degree of reliability as AC power suppl
Reviewing Classification of Importance of Safety Functions for Light Water Nuclear
Power React or -4]Fest@blishedt byteesN&C Dapgah in August 1990
hereinafterreferredas Regulatory Guide for Reviewing Classification of Importance of
Safety Functions classifies emergency power supply systems as systems with safety
functions of especially high importance. The Regulatory Guide for Reviewing Safety
Design specifies in its guidelines, such as Guideline 9 (Design Considerations for
Reliability) and Guideline 48 (Electrical Systems), that systems with safety functions of
especidly high importance shall be designed with redundancy or diversity and
independence and shall be designed such that adequately high reliability will be ensured.
As described above, the Regulatory Guide for Reviewing Seismic Design specifies that
safety funtions shall be maintained in the event of an earthquake. Based on this
prerequisite, the Regulatory Guide for Reviewing Safety Design specifies that the nuclear
reactor facilities shall be designed such that safe shutdown and proper cooling of the
reactorafter shutting down can be ensured in case of a-$&wort total AC power loss, in
Guideline 27 (Design Considerations against Loss of Power). However, the commentary
for Guideline 27 states that no particular considerations are necessary againgieamong
total AC power loss because the repair of interrupted power transmission lines or an
emergency AC power system can be depended upon in such a case, and that the
assumption of a total AC power loss is not necessary if the emergency AC power system
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is relable enough by means of system arrangement or management. Accordingly,
licensees are to install two independent emergency diesel generator systesisafter
referred to asemergency DG), which are designed such that one emergency DG is
activated if theother emergency D@ failed and that the reactor is shut down if a failure
persists for a long time.

Loss of all seawater cooling system functions is not taken as a desiggevent. This is
because the Regulatory Guide for Reviewing Classificatibimportance of Safety
Functions classifies seawater pumps as systems with safety functions of especially high
importance, just like emergency power supply systems. The Regulatory Guide for
Reviewing Safety Design specifies that systems with safety fursctid especially high
importance shall be designed with redundancy or diversity and independence, in
Guideline 9 (Design Considerations for Reliability), Guideline 26 (Systems for
Transporting Heat to Ultimate Heat Sink) and other guidelines. Also, theld&ery

Guide for Reviewing Seismic Design specifies that safety functions shall be maintained in
the event of an earthquake.

The generation of flammable gas inside the primary containment vdssalin@fter
referred to a®CV) when reactor coolant isdbis postulated in the desipasisevents as

a cause of hydrogen explosion accidents. To prevent this event, a flammability control
system Kereinafter referred to d8CS) that suppresses hydrogen combustion inside the
PCV is installed in compliance witBuideline 33 of the Regulatory Guide for Reviewing
Safety (the system controlling the atmosphere in ris&ctor containmenfacility).
Additionally, keeping the atmosphere inside the PCV inert further reduces the possibility
of hydrogen combustion. Thesdesigns are aimed at preventing hydrogen combustion in
the PCV from the viewpoint of PCV integrity, and are not aimed at preventing hydrogen
combustion inside the reactor building.

2) Safety design for the design standard events at Fukushima NPSs
The saéty designs for the desidrasisevents obffsite power supplies, emergency power
supply systems, and reactor cooling functions related to the accidents at Fukushima NPSs

are the following:

The power sources are connectedfizite power supply grids @ two or more power
lines. Multiple emergency diesel generators are installed independently with redundant
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design as the emergency power supplies for a loss of external power supply. Also, to cope
with a shortperiod loss of all AC power sources, emergeD€/power sources (batteries)
are installed maintaining redundancy and independence.

Unit 1 of Fukushima Daiichi NPS is equipped with isolation condshqéereinafter
referred to adC) and a high pressure core injection systéraréinafter referred tas

HPCI), and Unit 2 and Unit 3 of Fukushima Daiichi NPS are equipped with HPCI and a
reactor core isolation cooling systérthereinafter referred to aRCIC) to cool the
reactors when they are under high pressure and the condenser does not work. Unit 1 of
Fukushima Daiichi NPS is equipped with a core spray syshemeifafter referred to as

CS) and a reactor shdbwn cooling systemhgreinafter referred to &&HC), and Unit 2

and Unit 3 of Fukushima Daiichi NPS are equipped with a residual heat remesteinsy
(hereinafter referred to &HR) and a low pressure CS to cool the reactors when they are
under low pressure.

Additionally, in the main steam line that leads to the reactor pressure viessshéfter
referred to aRkPV) are installed main steam sf relief valvestiereinafter referred to as
SRV) thatdischargesteam in the reactor to the suppression chantimeipafter referred

to asS/C) and safety valves that discharge steam in the reactor to the dripaveihfter
referred to asD/W) of the PCV. The SRV functions as an automatic decompression
system. Table N\2-1 shows a comparison between these safety systems. Their system
structures are shown in Figures vl to IV-2-7.

As shown in Figure \2-8 and Figure 1V2-9, the heat exchanger ineSHC for Unit 1 or
RHR for Units 2 and 3 of Fukushima Daiichi NR@nsfers heat using seawater supplied
by the seawater cooling system to the ssahe ultimate heat sink

To prevent hydrogen explosion in the PCWV,is filled with nitrogen gasand a
flammability control system FCS is installed.

This facility condenses steam in the RPV and returns the condensed water to the RPV byginailatdn (driving pumps
not needed), when the RPV is isolated due to loss ofreltpower supplies, for example, (when the main condenser cannot
work to cool the reactor). The IC cools steam that is led to a heat transfer tube with water stored in the condenskel(in the

This system cools the reactor core when the RRsbiated from the condensate system due to loss of external power supplies,
for example. It can use water either in the condensate storage tank or in the supphessloer The turbine that uses part of the
reactor steam drives the pump of this system.
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(3) Measures against severe accidents
1) Basisof measures against severe accidents
a. Consideration of measures against severe accidents

Severe accident h a s dr awn attention Si nucdey 0 AiThe
(WASH-1400)[IV2-5], which assessedhe safety of nuclear power stations by a
probabilistic method, wasublishedin the United States in 1975.

Severe accidents, which are beyond desigsisevents on which nuclear facilities are
designed, are congded to be at defense depth level 4 in multiple protection as
described in | AEAG6s Basic SafetyNSAG3) nci pl es
Rev.1, INSAG12 (1999)[IV26]. Multiple protection generally refers to a system that
comprises multiayered sadty measures through ensuring desigarginat each level

of defense, and these levels include: preventiccurrenceof abnormalities (level 1);
preventing progressiorof abnormalities into accidents (level 2); and mitiggtimpact

of accidents (level 3)The desigrbasisevents are usually for setting safety measures up

to level 3. Measures against severe accidents belong to actions at level 4, and they
provide additional means farevent events fromrogressiorinto severe accidentnd
mitigate impactsof severe accidentsand also provide measures effectively using
existing facilities or based on procedurdhey are stipulated as actions to control
severe accidents or actions to protect the functiocoafining radioactive materials to
prevent eventfrom worsening

In Japan, following the 1986 Chernobyl accident in the former Soviet Union, therNSC

Japanset up the Rounthble Conference for Common Problems under its Special
Committee on Safety Standards of Reactors in July 1987 to study meagaiast

severe accidents. The Routable Conference members did research on the definition

of severe accidents, PSA methods, and maintaining the functions of the PCV after a
severe accident, and they put togetthaser t he ¥
a Measure against Severe Accidénsocused on -T]m&Mar€éh@02.[ | V2

These events significantly exceed desigrsisevents causing the system to become incapable of appropriately cooling the
reactor core or controlling reactivity by any methods covered by the safety design, and consequently will lead to stoious rea
core damage.
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This report says, iNucl ear facility safety
that deal with desigbasisevents, and the risk of radioactive exposure ofgdeeral

public in the vicinityis sufficiently low. Even if a severe accident or events that may

lead to a severe accident occurred at a nuclear facility, appropriate accident
managemefitbased on the PSA would reduce the possibility of it becoming a severe
accident or mitigate the impact of a severe accident ongdreralpublic, further

| owering the risk of exposure. o

Following this report, the NSGapanrma de a deci si on called AAcc
as a Measure against Severe Accidents at Power Generaigig Water

React ol hifer2 n after called the MAAccident I
1992. Based on this decision, licensees have taken voluntary actions (not included in
regulatory requirements), such as measures to prevent accidents from lgeseveire

accidents (phase I) and measures to mitigate the impact of severe accidents (phase II).

The (former) Ministry of International Trade and Industry, based on these Accident
Management Guidelines, i ssued t he il m
Ma n a g e me-9] todejguedt licensees to carry out PSA on each of their light water
nuclear power reactor facilities, introduce accident management measures based on
PSA, and submit result reports on these actions, the content of which MITI was to
confirm.

After that the Basic Safety Policy Subcommittee of the Nuclaad Industrial Safety
Subcommitteestudied overall safety regulations in Japan, and it put together a report
ilssues on Nucl ear -1 af2@l0. VhisRepartsdysathat lmased 0 [ | V 2
on movesoverseas such as introducing severe accident measures as a regulatory
requirement in some countries, it is appropriate to consider dealing with safety
regulations on severe accidents measures in terms of their position in the regulation
system andegislaion. In responsdo this NISA has been considering how to deal

with severe accidents.

b. Utilization of risk information

4 Appropriate severe management is meastaiesnto make effective use of not only safety margin allowed in the current
design and original functions provided in safety design but also other functions expected torwafktyas well as newl

installed components and equipmenthatany situationwhich exceeds design basis events and may cause serious damage to
corewill notprogresdo asevereaccidentand,evenif thesituationprogresseso a severeaccidentjts influenceswill be

mitigated.
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The NSCJapanstarted a study of periodic safety reviéwhereinafter referred to as
PSR) in order to consider using PSA, and it keok out a basic policy on PSR
including implementation of PSA in 1993.

This policy requested implementation of PSA as part of PSR activities to effectively

improve the current level of safety even further, because PSA comprehensively and
guantitatively asesses and helps get the whole picture of the safety of a nuclear power

station by postulating a wide range of abnormal events that may occur at a nuclear

power station. As a result, the (former) MITI has requested that licensees implement

PSR since 1994nd has reported tihe NSCJapanon | i censeesd assessn
including PSA.

Later in 2003, PSR was included in regulatory requirements as part of the measures for
aging management, while PSA was left as voluntary measures taken by licensees. Then
it was decided that PSR results would be confirmed by NISA and repdis R&C
Japanwere discontinued. Meanwhile, licenseleave beentaking severe accidents
measures using PSA.

In Japan, civil standards on PSA related to internal events are estalfishedternal
events a dvil standard orseismicPSAis also established, while study of PSA related
to other external events suchfeding has only started.

The Study Group on Use of Risk Informatiad Nuclear and Industrial Safety
Subcommitteestutd i ed wutili zation of r ithe kasidpolityor mat i o1
of utilization of risk informationi n nucl ear -11¢ig 2d0& Howeverp [ | V 2

later the activity had been temporarily suspended. In 2010, this study group was
resumed, and it haveen considering measures for further utilization of risk
information.

On the other hand, the safety goals associated with the use of risk information have

been being examined by the Special Committee on Safety Goals of thelap@ae

since 2000nt eamidm thepoirt on | nvest2ifwaati on an
issued in 2003. In addition, the "Performance Goals of Commercial Light Water

It conducts comprehensive-evaluation of the safety of nuclear power stations approximately once every ten years based on
the latest technological knowledge in order to improve the safety of existing nuclear power plants. Specifieaalitates
comprehensive evaluation @peratng experience, reflean of the latest technological knowledge, condaortof technical
evaluations for aging, and PSA results.
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Reactor Facilities: Performance Goals Corresponding to Safety Goal
Proposal"[IV213] was issued in 2006. However, thge of risk information based on

the safety goals has not progressed because the safety goals of Japan have not been
determined.

Accordingly, compared to other countries, Japan has not been sufficiently promoting
the use of risk information.

c. Examinaibn of total AC power loss and cooling functions, etc.

The following are the status of the severe accidents associated with the current
accident.

According to the fAlnterim Report -B4h t he Cc
issued bythe NSCJapan((the $ecial Committee on Nuclear Safety Standards of on

February 27, 198%ereinafter referred to abe "Common Issue Interim Report"),

accident management during total AC power loss includes efforts such as core cooling

by using RCIC powered by direct curtgffrom batteries), recovery of offsite power

systems or emergency DGs, bringing in portable diesel generators or batteries, and

power interchange betweamergency DGs in adjacent plants. The Common Issue

Interim Report states that an accident has a kiggmce of being settled before it

results in core damage if preparation has been made for such management.

In addition, if RHR lose its functionality, the inner pressure and temperature of the

PCV increase with decrease in the pressure of the reactasrdhagly, the Common

Issue Interim Report additionally states that to prevent the PCV from being damaged,

facilities for depressurization of the PQW vent pressurein order topreventPCV
rupture(hereinafter referredto@dsP CV v ent 0) sdtlauthedrodedureb ui | 't a
for the operation of the individual facilities should be prepared.

The accident management guidelines mention alternative coolant injection into the
reactor by usinga fire extinguishingline and the PCV vent as the Phase | (core
darmage prevention) accident management of BWR plants. The accident management
guidelines also state that PCV vent facilities with a filtering function installed in
combination with other measures, such as coolant injection into the PCV, may be an
effective masure for Phask (after core damage) accident management. The accident

IvV-11



management guidelines additionally state that coolant injection into the PCV should be
included in the Phase | (core damage prevention) and Rhda#ier core damage)
accident managment of BWR plants. In the PSA that is the basis of this guideline, it
was concluded that injecting an alternative coolant into the PCV would suppress
increases in the temperature and pressure of the atmosphere in the PCV and prevent
debrisconcrete rea@n’ and melt shell attaék

2) Status of preparation for accident managerbgMEPCO

TEPCO issued the fAReport on Acédb]hevarth Manager
1994, and has been preparing for accident management and establishing procedures,
educaibn, etc. associated with the application of the accident management based on the
report. TEPCO presented the AReport-16pn Pr epa
describing the status of the preparation for accident management to the Ministry of
Econony, Trade and Industry in May 2002.

TEPCO has prepared accident management for the reactor shutdown function, coolant
injection into reactors and PCVs function, heat removal from PCVs function, and support
function for safety functions. The mameasure®f accident managemeire shown in

Table \2-2. In addition, the system structures of accident management facilities of Units

1 to 3 are shown in Figs. 2-10 to I\-2-17.

With regard to alternative coolant injection in the Fukushima NPSs, TEPCO haghbuil

following lines for injecting coolant into reactors: lines via condensate water makeup

systems from the condensate storage tanks as the water ssamdelines viafire

extinguishing systems and condensate water makeup systems from the filtratastaimé

water source TEPCO has alsdevelopedi p r o csdod apalamt injection using these

l ines during acci daoardnafter fefereddoraB prrccé demne s) 6 o
operation in severe accidentso).

In addition, TEPCO has bui#t switchingfacility in Unit 3 for injecting seawater into the
reactor via the residual heat remogah watesystem lereinafter referred to &8HRS)

7 . " .
When core melt drops down through the bottom of RPV, it causes thermal desitbompaf floor concrete as well as erosion
with concrete constituents.

8 When core melt drops down through the bottom of RPV, it drops into and spreads over the cavity area at the bottom of RPV.
Then debris spreads over the dry well floor through a pebegening and causes damage to walls of PCV.
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as shown in Fig. \2-12 and haslevelopeda procedure for switching operation of the
relevant facilities. HowevetJnits 1 and 2 are not provided wislaichthe facility because
no seawater lines lead into the reactor buildings of Units 1 and 2.

TEPCO built new vent pipes extending from the S/C and D/W to the stack< §@@io

2001 as PCV vent facilities during seseaccidents as shown in Figs.-2/13 and
IV-2-14. These facilities were installed to bypass the standby gas treatment system
(hereinafter referred to as SGTS) that they can vetite PCVwhen the pressure is high.

The facilities are also provided withrupture disk in order to prevent malfunction.

The procedures for operation in severe accidents define@hevent conditions and the
PCV vent operation during severe accidents as folloR€V vent from the S/C
(hereinafter referredto dswe t  \hall e giveén pority and when the PCV pressure
reaches the maximuroperating pressure before core damage, when the pressure is
expected to reach about twice as high as the maximpenatingpressure after core
damage and if RHR is not expected to be veced,wet vent shall be conductedttie

total coolant injection from the external water source is equal to or less than the
submergence level of the vent line in the SMCPCV vent from the D/W Hereinafter
referredtoasidr y vent 0) sihteelvdnt lileof the 8/€ & submeegdd. The
procedures for operation in severe accidents specify that the chief of emergency response
headquarters shall determine whetR€V vent operation should be conducted after core
damage.

For accident managemeassociated with the function of heat removal from the PCV,
alternative coolant injection t@ PCV spray (D/W and S/@hereinafter referred to as the
alternative sprajyunction) has also been provided as shown in Figs2415 and 1\/2-16.

PCV sprays (D/Wand S/C) are installed to reduce the pressure and temperature generated
due to energy released within the PCV if reactor coolant is lost, according to guideline 32
(containment heat removal system) of the Regulatory Guide for Reviewing Safety Design.
The pocedures for operation in severe accidents specifgria such as the standard for
starting anderminatingcoolant injection from RHR by using this modified line and the
criteria for starting anderminatingcoolant injection from the condensate wateakeup
system and thére extinguishing system.

Power interchange facilities have been installed such that the power supply of the
alternatingcurrentsource forpower machinery (6.9 kV)and the low voltage alternating
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currentsource (480 V) can be imghanged between adjacent reactor faciliflestween
Units 1 and 2, between Units 3 and 4, and between Units 5 aad Shown in Fig
IV-2-17. The procedures for operation in severe accidents gpetedures for the
relevant facilities.

In order to reover emergency DGs, the procedures for operation in severe accidents

specify procedures for recognition of failures, detection of the location of failures, and
recovery work for faulty devices by maintenance workers.
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Table I/2-1 Comparison between Emgering Safety Equipment and Reactor Auxiliary

Equipment
Fukushima-Daiichi Nuclear Power Station Unit 1 Unit 2 Unit 3
Mo. of systems 2 2 2
Core spray system Flow (T/hr per system) 550 1020 141
(CS) MNo. of pumps (per system) 2 1 1
Pump discharge pressure (kg/cm2g) 20 352 352
Mo. of systems 2 2 2
Containment coolind | pesign flow (T/hr per system) 705 2060 2600
?(’:Séesn; Mo. of pumps (per system) 2 2 2
MNo. of heat exchangers (per system) 1 1 1
High pressure coolant |NO- of systems 1 1 1
injection system Flow (T/hr) 682 965 965
(HPCI) Mo. of pumps 1 1 1
Low pressure coolant [NO- of systems 2 2
injection system Flow {T/hr per pump) 1750 1820
(LPCD Mo. of pumps (per system) 2 2
Pump
Mo. of pumps 4 4
Flow (t/h) 1750 1820
Total pump head (m) 128 128
Residual heat removal |S€awater pump
system Mo. of seawater pumps 4 4
(RHR) Flow (m2/h) 78 a78
Total pump head (m) 232 232
Heat exchanger
No. of units 2 2
Heat transfer capacity (kcalh) 7.76E+06 7 7B6E+06
Pump
Mo. of pumps 2
Reactor shut-down | Flow (m3/h per unit) 4655
cooling system Pump head (m) 457
(SHC) Heat exchanger
Mo. of heat exchangers 2
Heat exchanging capacity (kcalh ) 3.8E+06
Steam turbine
No. of steam turhines 1 1
Reactor pressure (kg/cm2g) T9-106 79-10.6
Qutput (HP) 500-80 500-80
Reactor core isolation [“op oo o rotation (rpm) 5000-2000 4500-2000
cooling system
(RCIC) Pump
Mo. of pumps 1 1
Flow (t/h) 95 a7
Total pump head (m) 850-160 850-160
Speed of rotation (rpm) Varable Variable
MNo. of systems 2
Isolation condenser |Effective water retention capacity of the tank -
(IC) (m3 per tank) 106
Steam flow (T/hr per tank) 1006
Mo. of systems 2 2 2
Standby gas treaiment Mo. of fans (per system) 1 1 1
system
(SGTS) Exhaust capacity (m3/hr per unit) 1870 2700 2700
lodine filtration efficiency of the system (%) =a7 =009 2999
MNo. of valves 3 3 3
Total capacity (T/hr) 400 400 900
Safety valve Blowout pressure (kg/cm2g) %%%?:r?evf;t;] ar2 87.2
Blowoff area Drywell Drywell Drywell
MNo. of valves 4 & 3
Total capacity (T/hr) 1090 2900 2600
74.2 kag/fem2g (1 valve) 75.9 kgfem2g (1 valve) 75.9 kg/em2g (1 valve)
) Relief valve functicn 74.9 kg/cm2g (2 valves) 76.6 kg/cm2g (3 valves) T6.6 kalem2g (3 valves)
Mal:\msites;avn;lj:fety 75.6 kafcm2g (1 valve) 77.3 kalcm2g (4 valves) 77.3 kaglcm2g (4 valves)
78.0 kalcm2g (2 valves) 78.0 ka/cm2g (2 valves)
Safety valve function 78.7 kg/lcm2g (2 valves) 78.7 kg/icm2g (3 valves)
79.4 kg/lcm2g (3 valves)
Blowoff area Suppression Chamber Suppression Chamber Suppression Chamber
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Table I/2-2  Accident Management Measures at Fukushima Daiichi and Di&i8s

Fukushima Daiichi Fukushima
Daini
Unit 1 Units2to 5 Unit 6 Units 1 to 4
(BWR-3) (BWR-4) (BWR-5) (BWR-5)
1. Acddent Management Associated with Reactor Shutdown Function
i (1) Recirculation Pump Trip (RPT)
RPT is a function inducing an automatic trip of the recirculation pump to reduce the @awenby using an instrumentation and cont 3 3 3 3
i___System that has be installedseparate fronthe emergency reactor shutdown system. .
(2) Alternative Control Rod Insertion
' ARI is a function for automatically opening a newly installed valve and inserting control rods to shut down the reactmtegiorg an 3 3 3 3
: abnamality by using an instrumentation and control system that has been installed separate from the emergency reactoryskeritown s
2. Accident Management Associated with Coolant Injection into ReactoP@kd
1" (1) Alternative Means of Coolatnjection
: In order to effectively utilize the existing condensate water mugksystemsfire extinguishing systems, arfiCV cooling systems, thé
destination of the piping is modified so that coolant injection into reactors is possible from thesg syit#ms via systems such as core sy e & e &
1____Systems, so that they can be used as alternative means of coolant injection facilities. . .l ..
(2) Automatic Reactor Depressurization (Reactor depressurization is already automatic. Therefore, it should be reggdae@menmin the
' reliability of ADS.)
: In the event where only the reactor water levalasreasinglue to insufficient lgh pressure coolant injection duringahnormaltransient
signals indicating high D/W pressure are not generated, and the automatic depressurization system is not automatiezllyinatii, o] 3 3 3
: conventional facilities. Accordingly, the reactor has beestdiffed to be automatically depressurized by using safety relief valves afte
occurrence of a signal indicating a low reactor water level, which makes it possible for systems, such as emergencyrmwopeessoling|
! systems, to inject coolant intbe reactor even in such an event.
3. Accident Management Associated with Heat Removal FunctioR€\h
i (1) Alternative Heat Removal with D/W coolers and Reactor Coolant Cleanup System
D/W coolers and reactor coolant cleanup systems areatigractivated to remove heat froRCV. The procedure is defined in the accidé 3 3 3 3
o _operation standard. e
;r (2) Recovery oPCV Cooling System (Residual Heat Removal System)
' Recognition of failures of thBCV cooling system (residual heat removal systesetection of the locations of failures, and recovery w 3 3 3 3
___Tor the failures by maintenance workers are defined in the recovery procedure guidelines as basic procedures. . | l_l__.
' (3) Compressive Strengthening Vent
| Reactor containment vent lines with stgéhened pressure resistance are installed to be directly connected to stacks from inert gag
without passing through standby gas treatment systems, so that the applicability of depressurization operation as gneeamtfoofof e é e e
: overpressurizabn in thePCVis extended to improve the heat removal functioR@M
4. Accident Management Associated with Support Function for Safety Functions_ .
i (1) Interchange of Power Supplies
S Power supply capacity is improved by constructing tie lines ofuoltage AC power supplies between adjacent reactor facilities. ____| ____ Z _____________ E ______________ Z ____________ é ________
1 (2) Recovery of Emergency DGs
Recognition of failures of emergency DGs, detection of the location of failures, and recovery work for the failures manwEnt®rkers 3 3 3 3
+____are defined in the recovery procedure guidelines as basic procedures. .ol
i (3) Dedicated Use of Emergency DGs
One of the two emergency DGs was commonly used between adjacent Units. However, new emergency DGs have been inssalled, 3 3 3 3
: and 5, so that each DG is used for only one Unit.
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Fig. IV-2-1 System Sucture Diagram of Fukushima Daiichi NPS Unit 1
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Fig. IV-2-2 System Structure Diagram of Fukushima Daiichi NPS Units 2 and 3
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*1: During normal operation, MO-15, 16, 17, 20 and HO valves are “open” and MO-14 and 19

valves are “cloze”.
At startup, 14 and 19 valves are “open”.

*2- MO-15 valve is inoperative due to AC power loss. (as-is)

*3:MO-14, 16, 17, 19 and 20 valves are inoperative due to DC power loss (the separate power
source from isolation logic circuits). (as-is)

*4: During DC power loas, isolation (close) logic circuits are operative.
At that time, if the drive power of each valve (written in *2 and *3) is activated, each valve is
closed. If the drive power of each valve is already lost, the circuits are inoperative. (ag-is)

Fig. IV-2-3 System Structure Diagram of High Pressure Coolant Injection System
(Units 1 to 3)
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*1: During normal operation (in a standby condition), MO-1, 2 and 4 valves are “open” and MO-3
valve is “close”. At startup, MO-3 valve is "open”.

*2:MO-1 and 4 valves are inoperative due to AC power loss. (as-is)

*3:MO-2 and 3 valves are inoperative due to DC power loss (the same power source as isclation
logic circuits). (as-is)

*4: During DC power loss, izolation (close) logic circuits are operative.
At that time, if the drive power of each valve (written in *2 and *3) is activated, each valve is
closed. If the drive power of each valve is lost, the valves are inoperative. (as-is)

Fig. IV-2-4 System Strature Diagram of Isolation Condenser (Unit 1)
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*1: Dwring normal operation {in a standby condition), MO-15, 16, 18, 20 and Z13 valves and HO-Z14 are
‘open” and MO-131 and 21 valves ar= “close”.
At startup, 121 and 21 valves are “open”.

*2: MO-15 valve iz inoperative due to AC power loss. (as-is)

*3.MO-16. 18, 20, 21 and 131 valves are inoperative due to DC power logs (the separate power source
from isclation logic circuits). (as-is)

*4: During DC power loss, isclation (close) logic circuite are operative.
At that time, the drive power of each valve (written in *2 and *3) is activated, each valve is closed. If the
drive power of each valve is already lost, the valves are inoperative. (as-is)

Fig. IV-2-5 System Structure Diagram of Reactor Core Isolation Cooling System
(Units 2 and 3)
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*1: The main steam safety relief valves (4 valves) are AD valves, and open drive air is supplied by the
energized solenoid valves of air supply lines.
Dwring power loss, solencid valves become deenergized and main steam relief valves are in a closed
condition.

Fig. IV-2-6  System Structure Diagram of Main Steam Safety Relief Valve
(Unit 1)
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*1: Main steam safety relief valves (8 valves) are AQ valves, and open drive air is supplied by the
energized solenoid valves of air supply lines.

Dwring power loss, solencid valves become deenergized and main steam relief valves are in a
closed condition.

Fig. IV-2-7 SystemStructure Diagram of Main Steam Safety Relief Valve
(Units 2 and 3)
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Fig. IV-2-8 System Structure Diagram of Reactor Shutdown Cooling System (Unit 1)
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Fig. IV-2-9 System Structure Diagram of Residual Heat Removal System
(Units 2 and 3)
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3. Condition of the Fukushima NPSs before the earthquake

(1) Operation
On the day when the earthquake ocedyUnit 1 ofthe Fukushima Daiichi NP8as in
operation at the constant rated electric power, @nis 2 and 3 of the Fukushima
Daiichi NPS and all units of the Fukushima Daini NPS wiareoperation atthe
constant rated thermal power. The conditiontleé Fukushima NPSs before the

occurrence of the earthquake is indicated in Tablg-1Iv

Fukushima Daiichi NPS Unit 4 wan periodic inspection outagé.argescale repair
work was under way to replace tlsere shroud, and all fuel assemblies had been
transferred to the spent fuel pool from the reacmmewith the reactor well filled with

water and the pool gate closed.

Fukushima Daiichi NPS Unit 5 was periodic inspection outage, all fuel assemblies
were loaded in the reactor cardthe pressure lak test for RPV was being conducted.

Fukushima Daiichi NPS Unit 6 was periodic inspection outageand all fuel
assemblies were loaded in the reactor corevthatin cold shutdownondition
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Table IM3-1 The Condition of the Fukushima NPSs beforeEhethquake

Power stations and reactor units

Condition before the occurrence of the earthquake

S | Reactor In operation (400 fuel assemblies)
= Spent fuel pool 392 fuel assemblies (including 100 new ones)
S | Reactor In operatia (548 fuel assemblies)
™ Spent fuel pool 615 fuel assemblies (including 28 new ones)
In operation (548 fuel assemblies, including 32 MOX fuel
c | Reactor ,
=) assemblies)
w 566 fuel assemblies (including 52 new ones; no MOX fue
Spent fuel pool
assembly
‘E Undergoing a periodic inspectiodigconnection from the
5 grid on November 29, 2010; all fuel assemblies werg
= | S | Reactor _
3 | = removed; the pool gate closed; and the reactor well fille
QD
8 ® with water)
‘:—2 Spent fuel pool 1,535 fuel assemblies (including 26w ones)
Undergoing a periodic inspection (disconnectitom the
S | Reactor grid on January 2, 2011; RPV pressure tests under wa
> and theRPV headput in place)
Spent fuel pool 994 fuel assemblies (including 48 new ones)
Underging a periodic inspectiordisconnection from the
€ | Reactor _ )
= grid on August 13, 2010 and tfRPV headout in place)
(o]
Spent fuel pool 940 fuel assemblies (including 64 new ones)
6,375 fuel assemblies (st
Commonpool
months or more)
g Reactor In operation (764 fuel assemblies)
= Spent fuel pool 1,570 fuel assemblies (including 200 new ones)
i Reactor In operation (764 fuel assemblies)
Py —
[
3 N Spent fuel pool 1,638 fuel assemblies (including 80 new ones)
3
15 % Reactor In operation (764 fuel assemblies)
= | @ Spent fuel pool 1,596 fuel assemblies (including 184 new ones)
S | Reactor In operation (764 fuel assemblies)
B Spent fuel pool 1,672 fuel assemblies (including 80 new ones)
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(2) Connection obffsite power supply
1) Fukushima Daiichi NPS
Connection of awffsite power supply to the NP&ereas follows: Okuma Lines
No. 1andNo. 2(275kV) of the ShinFukushima Substatiomere connected to
the switchyard for Units 1 and @kuma LinedNo. 3 and No. 4275 kV) were
connected to the switchyard for Units 3 and 4, and Yonomori Lines No. 1 and No.
2 (66 kV) were connected to the switching yard for Units 5 ata &ldition,the
TEPCO Nuclear Line (6BV) from Tomioka Substationf the Tohoku Electric
Powe was connected to Unit 1 as the spare line.

The three regular high voltage switchboards (6.6 kV) are used for Unit 1, for Unit
2, and for Units 3 and 4, respectively. The regular high voltage switchboards for
Unit 1 and for Unit 2 were interconnecteddahe regular high voltage
switchboards for Unit 2 and for Units 3 and 4 were interconnected in a condition
that enabled the electricity fed each otghenthe earthquakeccurred the
switching facilities for Okuma Line N@&in the switchyard for Unit8 and 4

were under constructiosp that six lines were available for power of the NPS
from offsite power supply

2) Fukushima Daini NPS
A total of four lines obffsite power supply from the ShiRukushima Substation
were connected to the Fukushima D&RS: Tomioka LinedNo. 1 and No. 2
(500kV) and Iwaido LinesNo. 1 and No. Z66 kV).

When the earthquake occurred, Iwaido U@ 1was under constructiosp that
three lines were available for power of the NPS from offsite power supply
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4. Occurrace andprogressiorof the accident at the Fukushima NPSs
(1) Overview of thechronologyfrom the occurrence of the accident to the emergency

measures taken

1) Fukushima Daiichi NPS

The earthquake which occurred Iat46 on March 11, 2011 brought all tfe
Fukushima Daiichi NPS Units through 3, which were in operation, to an
automaticshutdowndue to thehigh earthquake acceleration.

Due to thetrip of the power generators that followed the automsttiatdownof

the reactors, thetationpower supplywas switched to theffsite power supply.

As described in Chapter Ill, the NPS was unable to receive electricityoffeite

power transmission lines mainly because some of the steel towers for power
transmission outside the NR&e collapsed due to thearthquake. For this reason,
the emergency D&for each Unitwere automaticallystarted up to maintain the
function for cooling the reactors and the spent fuel pools

Later,all the emergency DGs excepie forUnit 6 stopped because the emergency
DGs, sawater systems that cooled the emergency DGsmatalclad switchgears

were submerged due to the tsunami that followed the earthquake, and the result was
that all AC power supply was loat Units 1 to 5

At 1542 on March 11, TEPCO determined that tb@éndition fell under the
category ofspecific initial eventsdefined in Article 10 of theAct on Special
Measures Concernifguclear Emergency Preparedn@ssreinafter referred to as
Nuclear Emergency Preparedness &)l notified the national governniglocal
governments, and other parties concerned.

At 16:36 on the same day, TEPG@undthe inability tomonitorthe water level

in the reactors of Units 1 and &hd determined that tleenditions of Unit 1 and 2

fell under the category of an event thats Aunabl e thothei nj ect
emergency cor e cooling sy st e mMuclea s defin
Emergency Preparedness Aand atl6:45 on the same day, the company notified

NISA and other parties concerned of this information.
TEPCOopened thevalve ofthe IC System Aof Unit 1 IC, and in an effort to

maintain the functions of the IC, it continued to operate it mainly by injecting
fresh water intats shell sideImmediately after the tsunami, TEPCO could not
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confirm the operation of the RCIgstem of Unit 2, but confirmed about 3:00 on
March 12 that it was operating propetlinit 3 was cooled using its RCIC system,
and as a result, the PCV pressure and water levels remained stable.

In order to recover the power supply, TEPCO took emergenagunes such as
making arrangements for power supply vehicles while working with the
government, but its efforts were going rough.

Later, it was confirmed aroun23:00 on March 11 that the radiation level in the
turbine building of Unit 1 wamicreasingIn addition, at 0:49 on March 12, TEPCO
confirmed that there was a possibility that €V pressureof the Unit 1 had
exceeded the maximum operating pressure and determined tha¢véme
corresponded to the evedhbnormal increase ithe pressure in th@rimary
cont ai n meastdefined ia she prévisions of Article 15 of thiiclear
Emergency Preparedness A@or this reason, in accordance with Article 64,
Paragraph 3 of the Reactor Regulation Act, the Minister of Economy, Trade and
Industry orderedEPCO to reduce the PCV pressaféJnits 1 and 2.

At 5:46 on March 12, the company began alternative water injeétesh water)

for Unit 1 using fire engines. (The conceptual diagram of alternative water
injection using fire engines is shown in Figu¥-4-1.) In addition TEPCO began
preparations for PCV venting because the PCV pressure was high, but the work
ran into trouble because the radiation level in the reactor building was already
high. It was around.4:30 on the same day thatdacreasén the PCV pressure

level was actually confirmed. Subsequently, 1836 on the same dayn
explosionconsideredas a hydrogen explosion occurred in the upper part of the
Unit 1 reactor building.

Meanwhile, the RCIC system of Unit 3 stopped at 11:36 on MaZctbut later,

the HPCI system was automatically activated, which continued to maintain the
waterlevelin the reactor at a certain level. It was confirmed at 2:42 on March 13
that the HPCI system had stopped. After the HPCI system stopped, TEPCO
performal wet venting to decrease the PCV pressure, and fire engines began
alternative water injectio(fresh wateyinto the reactor around 9:25 on March 13.

In addition, PCV venting was performed several timés the PCV pressure
increased PCV venting was pesfmed several times. As a result, the PCV
pressure waslecreasedSubsequentlyat 11:01 on March 14an explosion that

was consideredsa hydrogen explosion occurred in the upper part of the reactor
building.

At 13:25 on March 14, TEPCO determined thia¢ RCIC system of Unit 2 had
stopped because the reactor water level deaseasingand began to reduce the
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RPV pressure and inject seawater into the reactor usingXineguishing system

lines. TEPCO continued to cool the reactor core using the firags loaned by a

fire departmentThe wet venting line configuration had been completed by 11:00
on March 13, but the PCV pressure exceeded the maximum operating pressure. At
6:00 on March 15, mimpulsive sound that could be attributed to a hydrogen
explesion was confirmed near the suppression chantieeipafter referred to as

S/C), and later, the/E pressurelecreasegharply.

The total AC power supply for Unit 4 was also lost due to the earthquake and
tsunami, and therefore, the functions of coolimgl supplying water to the spent
fuel pool were lost. Around 6:00 on March Hh explosiorthatwas considered
asa hydrogen explosion occurred in the reactor building, damaging part of the
building severely.

At 22.00 on March 15, in accordance with Atd 64, Paragraph 3 of the Reactor
Regulation Act, the Minister of Economy, Trade and Industry ordered TEPCO to
inject water intothe spent fuel poobf Unit 4. On March 20 and 21, fresh water
was sprayed into the spent fuel pool of Unit 4. On March 2Z&Qrerete pump
truck started to spray seawater onto the pool, followed by the spraying of fresh
water instead of seawater, which began on March 30.

On March 17, a Selbefense Forces helicopter sprayed seawater into the spent
fuel pool of Unit 3 from theia Later, seawater was sprayed into the pool using
high-pressurewatet annon trucks of the National
fire engines othe SelfDefense Forces-rom March 19 to March 25, Tokyo Fire
Department, Osaka City Fire Bureau and Ksakh City Fire Bureau, that were
dispatched as Emergency Fire Response Teams, sprayed seawater for five times
by using seawater supply system against fire and squirt fire engines. In addition,
Yokohama City Fire Bureau, Nagoya City Fire Bureau, Kyoto €Eitg Bureau

and Kobe City Fire Bureau dispatched their fire engines to Fukushima iDaiich
NPS or in readiness. Niigata City Fire Bureau Blathamatsu City Fire Bureau
assisted to set up largeale decontamination systehlater, the concrete pump
truck stated to spray seawater into the spent fuel pool of Unit 3 on March 27 and
into the spent fuel pool of Unit 1 on March 31.

The total AC power supply for Unit 5 was also lost due to the earthquake and
tsunami,resulting in a losof the ultimate heat sinkAs a result, the reactor
pressure continued iaocrease but TEPCO managed to maintain the wégeel

and pressure by injecting water into the reabgomjecting water into the reactor

by operating MakéJp Condensing Water Pungfter the power wassuppled
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from Unit 6. Later, the company activated a temporary seawater pump, bringing
the reactor to a cold shutdowonditionat 14:30 on March 20.

One of the emergency DGs for Unit 6 had been installed at a relative high location,
and as a result, its funchs were not lost even when the NPS was hit by the
tsunami, but the seawater pump lost all functionality. TEPCO installed a
temporary seawater pump while controlling the reactor wetesl and pressure

by injecting water into the reactor and reducing teactor pressure on a
continuous basis. By doing this, the company recovered the cooling functions of
the reactor, thus bringing the reactor to a cold shutdoowidition at 19:27 on
March 20.

After the accident, seawater was used for cooling the reaatdrshe spent fuel
pools for a certain period of time, but the coolant has been switched from
seawater to fresh water with consideration given to the influence of salinity.

2) Fukushima Daini NPS

Units 1 through 4 of the Fukushima Daini NPS were all wperation but
automaticallyshutdowndue to the earthquake. Even after the occurrence of the
earthquake, the power supply needed for the NPS was maintained through one of
the three external power transmission lines that had been connected before the
disaser. (Incidentally, the restoration work for another line was completed 28 1

on March 12, enabling the NPS to receive electricity through two external power
transmission lines.) Later, the tsunami triggered by the earthquake hit the NPS,
making it imposible to maintain reactor cooling functions because the seawater
systempumps for Units 1, 2, and 4 could not be operated.

For this reason, &t8:33 on March 11, TEPCO determined thatomditionhad
occurred that felunderthe category of events specdie Article 10 of the Nuclear
Emergency Preparedness Act and notified the national government, local
governments, and other parties concerned of this information. Later, since the
temperatureof the suppression chamber exceeded 100°C, and the reactiis lost
pressure suppression functions, the company determined that an event where
Apressure suppression functionNuclearr e | ost
Emergency Preparedness Aetd occurred at Unit 1 at 5:22 on March 12, at Unit 2
at 5:32 on theame day, and at Unit 4 at 6:07 on the same day, and notified the
Nuclear and Industrial Safety Agency and other parties concerned of this
information.

Units 1, 2 and 4 of the Fukushima Daini NPS recovered their cooling functions
due to the restoration wotkat followed the earthquake becausedfigite power
supply was maintained, and tiveetatclad switchgeardDC power supply, and
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other facilities were not submerged. As a result, Unit 1 was brought to a cold
shutdowncondition in which the temperatarfor reactor coolants goakwn
below 100°C, ail7:00 on March 14, Unit 2 &t8:00 on the same day, and Unit 4

at 7:15 on March 15. Unit 3 was brought to a cold shutdoewditionat 12:15

on March 12 without losing reactor cooling functions and suffesthgr kinds of

damage.
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5. Situation of Each Unit etc. at Fukushima NPS

The outline of the accident at Fukushima NPS has been given in Chapter 4. Tdestacci
involved a total loss of the AC power supply, so after the tsunami invasion, we were only
able to get extremely limited parameter information.

This section covers the parameter information we have been able to get to this point,
under these very diffult conditions.

In addition, in order to supplement this limited information, TEPCO carried out analysis

and evaluation of reactor situation of UnitUnit 2 and Unit 3 using MAAP, which is a

Severe Accident Analysis Code, based on gained operatiogdeeand parameters. The

results were reported to NISA on May 23. NISA carried out a arlessk by usin@rother

severe Accident Analysis CodgdELCOR in order taconduct acrosscheck for validation

of TEPCOG6s analysi s wit & Adiihigratiae shgency tlapanc e o f
Nuclear Energy Safety Organization in order to confirm the adequacy of the analysis and
evaluation. The report of analysis and evaluation conducted by Tokyo Electric Power
Company is shown in Appended Referencel)\and analtic results by crossheck are

shown in Appended Reference-2V

Note that this parameter information was left behind in the Main Control Room and other
areas after the accident and took some time to recover, so TEPCO made it public on May 16,
along withreporting it to NISA.

In addition, based on these analysis results, we have evaluated the event progress of this
accident and made some estimates in areas such as the RPV, PCV, etc. situation regarding
their relationship with changes over time and thenessghat occurred.

Our evaluation of the development of events regarding the nuclear reactors for each unit at
Fukushima NPS is written up as shown below.

(1)We sorted out the plant information we have obtained as of the current moment and
summarized itn chronological order.

(2)We need to check the reliability of the parameter information etc. we obtained in order to
evaluate the accident event progress, so this was considered based on the relationships
with the performance of each plant operatitie, dverall behavior, the parameter

IV-38



information, and so on.

(3)Based on the conditions we considered in (2), we carried out a Severe Accident analysis,
and analyzed the event development of the reactor accidents.

(4)In order to evaluate RPV, PCV, etceg Wirst estimated the RPV, PVC, etc. situation when
they were relatively stable. Then we used the estimated event progress to estimate the
RPV, PCYV, etc. situation as it changed with time.

(5)We carried out a comparative consideration from the analy$8 iand the RPV, PCV,
etc. estimate results in (4). Then we evaluated how the series of events of accident
progressed.

In terms of events outside the reactor, in our summary in (1) we sorted out the related
situations. In addition, we also analyzed tlplesion damage to the reactor building in
Unit 4 of the Fukushima Daiichi NPS. We then went on to sort out and sum up separately
from the listings for each unit the fuel cooling work being done in the spent fuel pool and
the situation (and treatment sitioen) for the pool water that has been confirmed in the
trenches and other areas outside the building, and in the turbine building of each unit.

Note that the estimates shown here are estimates of the possible situation based on the plant
information we lave been able to get at the present stage. We will need to update our
deliberations as appropriate based on any supplemental information, such as details of
parameter information or event information, and severe accident analysis results that reflect
these

(1) Fukushima Daiichi NPS, Unit 1

1) Chronological arrangement of accident event progress and emergency measures

aFrom the earthquake to the invasion of the tsunami
As shown in Chapter 3, before the earthquake the power station was operating steadil
at its rated power. Immediately after the earthquake struck, at 14:16 on March 11, the
reactor of Unit 1 scrammed due to the excessive earthquake acceleration, and at 14:47
the control rods were fully inserted and the reactor became subcritical, amag it w
shutdown normally. In addition, the earthquake damaged the power reception breakers
on the NPS side of the Okuma No. 1 and No. 2 Power Transmission Lines and other
areas, so there was a loss of external power. This meant that two emergency diesel
gener#ors automatically started up.
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At 14:47, the loss of the power supply to the instruments due to the loss of external
power caused the failsafe to send a signal to close the Main Steam Isolation Valve
(hereinafter referred to as MSIV), and the MSIV wised down. Regarding this point,
since the increase in the main steam flow volume that would be measured if the main
steam piping was broken, was not confirmed in the Past Event Records Device, TEPCO
judged that there were no breaks in the main steamgamd NISA considers that is a
logical reason to make that judgment.

The shutoff of the MSIV increased the RPV pressure, and at 14:52 the IC automatically
started up. Next, in accordance with the operating manual for the IC, at 15:03 the IC was
manuallyshut down. The manual notes that the temperature decrease rate for the RPV
should be adjusted to not exceed 55°C/h. Moreover, the reactor pressure varied three
times between 15:10 and 15:30, and TEPCO performed manual operations using only
the Asystem 6the IC. Note that when the IC is operated, the steam is condensed and
cooled, and is returned into the reactor as cold water through the reactor recirculation
system. The records of the temperatures at the entrance to the reactor recirculation pump
show three drops in temperature, so this is assumed to be the effects of the manual
operation of the IC.

Meanwhile, in order to cool the S/C, at approx. 15:07 and 15:10 the B and A systems of
PCV spray system were activated.

For the one hour that they remad following the earthwork, the HPCI records show no
indications of any drop to the automatic activation water lewdl)(br any records of the
HPCI being activated.

b Effects from the tsunami
At 15:37, the effects of the tsunami were felt, and théermvaneaning that two
emergency diesel generators stopped operation, and the emergency bus distribution
panel was submerged, leading to all AC power being lost, affected both the seawater
pump and the metallad switchgear of Unit 1. Unit 2 also sufferedbas of all AC

power, so it was not possible to supply power from Unit 2.

In addition, the loss of DC power functions meant that it was not possible to check the
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parameter information. With the reactor water level no longer able to be monitored,
and tke water injection situation unclear, there was the possibility that no water was
being injected, so at 16:3@&EPCO judged that this condition fell under the category of
an event that is "unable to inject water by the emergency core cooling system
definad in Article 15 of the NEPAAdditionally, the loss of function of the component
cooling system seawater pump meant that function of the component cooling system
was lost, andhe SHC was not able to be used, so it was not possible to relocate the
decay hat of the PCV to the sea, the ultimate heat sink.

c Emergency measures

TEPCO opened the A system valve on the IC and used the-diasm fire pump
(hereinafter referred to as D/D FP) to pump fresh water into the body of the IC etc., in an
attempt tomaintain the IC functions. However, according to the results from the valve
circuit investigation TEPCO carried out in April, the degree the valve was open is not
clear, so it is not possible to judge the extent to which the IC was functioning at this
point in time (end of May). In addition, it has been confirmed that the radiation level
inside the turbine building increased at around 23:00 on March 11.

TEPCO confirmed that there was the possibility that the PCV pressure had exceeded the
maximum operatig pressure at 00:49 on MartB, and judgedhat this condition fell

under the category of an event that is "unable to inject water by the emergency core
cooling system as fiaed in Article 15 of the NEPANd informed NISA. As a result, at

6:50 on MarchL2, the Minister of Economy, Trade and Industry ordered the suppression
of the PCV pressure in Units 1 and 2, in accordance with the provisions in Article 64,
Paragraph 3 of the Reactor Regulation Act.

TEPCO started pumping alternative water injectioegi water) through fire pumps at
5:46 on March 12. Therefore, since cooling using the IC had stopped due to the failure
of all AC power at 15:37 on March 11, that meant that there washaur&nd9-minute

period when cooling using pumped water had stopped.

TEPCO worked to vent the PCV in order to lower its pressure. However, since radiation
inside the reactor buildinggas already at the high radiation environment level, the work
proceeded with difficulty. The motaperated valve (MO valve) in the PCV vent line
was manually opened to 25% at about 9:15 on March 12. In addition, workers headed to

IV-41



the site to open therabperated valve (AO valve) manually but the radiation levels were
too high. As a result, a temporary air pressurization machine was set up to drive the AO
valve and the PCV vent was operated. TEPCO judged that the PCV vent had succeeded
since the PCV presire had been reduced by 14:30.

d The building explosion and measures taken subsequently

At 15:36 on March 12, an explosion, thought to be a hydrogen explosion, occurred in the

upper part of the reactor building. The roof, and the outer wall of thetige floor as

well as the waste processing building roof, were destroyed. Radioactive materials were

released into the environment during these processes, thereby increasing the radiation
dose in the area surrounding the site.

According to TEPCO, theupply of 80,000 liters of fresh water ran out at around 14:53
on March 12, however it was unclear when the water injection stopped. At 17:55, in
accordance with the provisions in Article 64, Paragraph 3 of the Reactor Regulation Act
the Minister of EconomyTrade and Industrgrdered TEPCO to take actido inject
seawater to fill up the RPV. TEPCO started pumping in seawater using tfigttieg

lines at 19:04 on March 12. There was confusion in the lines of communication and
command between the goveremt and TEPCO regarding this injection of seawater.
Initially, it was considered that it was suspended, but TEPCO announced on May 26 that
it had not been stopped and injection had in fact continued based on a decision by the
Power Station Director (in oed to prevent the accident from escalating, the most
important thing was to keep injecting water into the reactor).

Later, on March 25, injection returned to using fresh water from the pure water tank. As
of the end of May, the total amount injected wasund 10,787 frof fresh water, and
around 2,842 tof seawater, for a total of around 13,6368 in addition, water was
injected using the temporary electric pump from March 29, and on April 3 it was shifted
to a stable water injection system by chagdine power supply for this pump from a
temporary supply to a permanent supply, and by other measures.

On April 6, the Minister of Economy, Trade and Industry directed that TEPCO provide
reports on the necessity of injecting nitrogen, how it would bedand an evaluation

of effects regarding safety, based on Article 67, Paragraph 1 of the Reactor Regulation
Act. This was done as there was the possibility of hydrogen gas accumulating inside the
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PCV. NI SA accepted TEPCODOGddireceghtbemtonthrekat ed t h
points, including ensuring safety through appropriate management of parameters, etc.

when carrying out the nitrogen injection. TEPCO started nitrogen injection operations

on April 7 and as of the end of May is still continuing them

To restore and enhance the power supply, TEPCO completed inspections and trial
charging of the power receivers from Tohok!
Line on March 16, and as of March 20 had completed electricity access at the power
center,ensuring an external power supply. As of March @&les were laid from the

power centefor the load needed. The connections are being established.

Main time lines are shown in Table-B#1. In addition, parameters for the RPV pressure
etc. are showin Figs. I\:5-1 through I\/5-3.

2) Evaluation using the Severe Accident Analysis Code

aAnalysis and evaluation by TEPCO

As a result of the analysis, while it was shown that the RPV had been damaged by
melted fuel, when the results of temperature mesmsents for the RPV were taken into
account, TEPCO considered that the most of the fuel was in fact being cooled at the
bottom of the RPV.

TEPCO estimated in this progreshe IC was not assumed to functifmllowing the
tsunami and it was estimatedattthe fuel was uncovered for about three hours after the
earthquake, with reactor damage starting one hour after that.

Since then there was no water being injected into the reactor, the fuel had undergone
core melting, due to its decay heat, and floweethe lower plenum, then about 15 hours
after the earthquake it started to damage the RPV.

The radioactive materials contained in the fuel just before the accident were released
into the RPV as the fuel was damaged and melted, and the analysis v @matrfor

the leakage assumed from PCV with the increase of PCV pressure, and almost all the
noble gases were vented out into the environment. The ratio of released radioactive
iodine to the total iodine contained (hereinafter referred to as releagevasio
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approximately 1% from the analysis result, and the release of other nuclides was less
than 1%.

bNI SAO schaeck os s

In the crosscheck analysis, along with carrying out an analysis using the MELCOR
code with the same conditions (basic conditjas TEPCO used, an analysis was also
performed using different conditions to those TEPCO assumed. A sensitivity analysis
was carried out, such that the amount of alternative water injection was estimated by the
relation of the pump discharge pressure whth RPV pressure.

The crosscheck of basic conditions showed largely the same trends. At around 17:00 on
March 11 (two hours after the shock), the fuel began uncovered, and the core damage
started within one hour. The PCV was damaged five hours afteshttek, which is
earl i er than that of TEPCOGO6s analysi s,
coherent with the pressure actually measured.

As for release ratio of radioactive nuclides, the analytical results show about 1% of
tellurium, about 0.7% ofodine and about 0.3% of cesium. Howetler release ratios

are affected by the infection flow rate$ seawater, the results may be changed by
operation condition because the i®n condition was not clear

3) Evaluation of the Status of RPV, PCV, dahd Equipment

aChecking plant information

Based on the plant information during the period between March 23 and May 31, when
the plant was relatively stable, the status of the RPV and PCV was evaluated. Handling
of the plant data during this period wamsidered as shown below.

The standard water level is determined by the water level in the instrumentation piping
and condensation tank in the PCV. While PCV pressure was high, there was a possibility
that the reactor water level around the fuel wascatdid higher than actual level,
because high PCV temperature vaporize the water in the instrumentation piping and
condensation tank in the PCV, hence those water level was indicated lower than actual
level. This suggests that the reactor water level wdgating higher thanormal. As a
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result of recovering and correcting the standard water level for the reactor water level
gauge on May 11, the water level was confirmed to have dropped below the fuel level,
so it was not possible to measure the wateellenside the RPV during this period
either.

The RPV pressure was considered as generally showing the actual pressure as the A and
B system measurements matched until around March 26. However, after that the B
system showed a rising trend, and so duthé condition estimates shown in the next
section the B system was removed from evaluation consideration as it was no longer
matching the D/W pressure.

The RPV temperature showed different figures for each of the two water nozzle systems,
but the systenmthat was hovering around 120°C, matching the RPV pressure, was
referenced as the temperature of the atmosphere in the RPV, and the data showing the
higher temperatures was referenced as the metal temperature of the RPV itself.

The plant data until Marck2 was handled as follows.
The reactor water levels around the fuel may have been indicating higher reactor water
levels, as noted above. It was decided that water levels would not be referenced as it was
not possible to judge the point at which the dations became inaccurate.
The RPV pressure was referenced as generally showing the actual pressure for the A
system, as, although both the A and B system figures matched after March 17, prior to
that date the A system had also been changing continuously
It was difficult to confirm the actual changes in the D/W pressure in the PCV as the
information from TEPCO was sporadic, but it was decided to assume it based on event
information such as equipment operation, etc.

b Estimates of the RPV, PCV, etcatts during the relatively stable period

-Status of the RPV boundary

The amount of water injected into the RPV by May 31 was estimated at approx. 13,700
tons based on information from TEPCO, but the total amount of steam generated from
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the start of wadr injection was approx. 5,100 tons, as the water was evaluated with a
larger estimate of decay heat using the evaluation formula for decay heat. If the pressure
boundary could be ensured, then at minimum there would remain a difference of approx.
8,600 tms. The capacity of the RPV, even in the larger estimates, is about’356 i

is thought that the injected water is evaporated in the RPV and that there was not only
leakage of steam, but of liquid as well. The injection of water into the RPV was done
using a feed water nozzle, and initially pooled up outside the shroud, then flowed into
the bottom of the RPV through the jet pump diffus@ise fuel has beeconsidered as
cooled,andat the presermmnoment it is estimated that the injected cooling wigtehat

which has leaked to the RPV bottom.

In the present state, it is thought that steam continues to escape from the gas phase part
of the RPV, but the RPV pressure is higher than the D/W pressure, so it is assumed that
the opening is not large. Howay the pressure changes after March 23 are changing in
parallel with the changes in PCV pressure, so the possibility cannot be denied that there
is a problem with the measurements.

-Status of the RPV interior (reactor status, water level)

As a result bincreasing the amount of water injected when the injection was changed
from the feed water line on March 23 the temperature of the RPV bottom dropped from
being higher than the measurable maximum (greater than 400°C), but after the injection
water amountvas dropped, temperatures in some areas increased, so it is thought that
the fuel is inside the RPV. As a result of recovering and correcting the standard water
level for the water level gauge in the reactor on May 11, it was confirmed that the water
levd was lower than the fuel. Therefore, at the present moment it is estimated that the
fuel has melted and an considerable amount of it is lying at the bottom of the RPV.
However,there is a possibilityhat the bottom of the RPV was damaged somhe ofthe

fuel might havedroppedand accumulated on the D/W floor (lower pedestal).

The temperature of part of the RPV (the feed water nozzles, etc.) is higher than the
saturation temperature for the PRV pressure, so at the present stage it is estimated that

partof the fuel is not submerged in water, but is being cooled by steam.

-PCV status
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On March 12 the D/W pressure reached its highest level of approx. 0.7 MPag, exceeding
the PCV maximum working pressure (0.427 MPag), and on March 23 the D/W
temperature eceeded the measurable maximum (greater than 400°C). From these and
other issues it is estimated at the present stage that the functions of the gasket on the
flange section and the seal on the penetrating section have weakened. The inclusion of
nitrogen, wiich started on April 7, was measured to increase the pressure by approx.
0.05 MPa, so at that stage it was estimated that the leakage rate from the D/W was
approx. 4%/h. No major changes have been confirmed in the PCV status since then.

Up until the irclusion of nitrogen on April 7, the D/W pressure and the S/C pressure
were almost the same, and the S/C pressure dropped from being 5 kPa higher than the
D/W pressure to being the same pressure several times up until April 3.Therefore, at the
present stagé is estimated that the vent pipes and the vacuum breakers between the
D/W and the S/C were not submerged. At present, TEPCO is continuing with its
considerations in order to estimate the water level in the D/W.

While the S/C pressure dropped after thaP3, once it briefly reached approx. 0.3
MPag, a positive pressure state was measured for some time, and at the present stage it
is estimated that there is no major damage to the S/C.

4) Estimation of the conditions of the RPV, PCV, and other compememing times that
variation with time was apparent

The basic means of cooling the reactor after the MSIV is closed are cooling via the IC and
water injection via the HPCI. However, there were few records of the operating conditions
of these systems flowing arrival of the tsunami. Furthermore, the radiation dose rose in
the turbine building at around 23:00 on March 11 and there was an unusual rise in
pressure in the PCV at around 0:49 on March 12. Therefore, these conditions suggest that
the RPV had eéen damaged before 23:00 on March 11 to increase the pressure and
temperature of the PCV significantly, which led to the leakage from the PCV. Similarly,
the information, written on the whiteboard in the central control room, of the increased
indication d the radiation monitor when the outer air lock was put on at 17:50 on March
11 suggest that core damage was then starting. Analysis is required from here on to
confirm the degree to which IC and HPCI were functioning that includes detailed
investigationand analysis of the conditions of each component.
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Although alternative water injection was commenced at 5:46 on March 12, the RPV
water level reading dropped at around 7:00 and has yet to recover. Due to poor reliability
of the water gauge, analysis fisquired from here on by detailed investigation and
analysis that covers the relationship between the water injection operations and the
following pressure behavior.

As the D/W pressure in the PCV showed a tendency towards dropping slightly at around
6:00 on March 12 prior to wet vent operations, it is possible that there was a leak in the
PCV. A drop in D/W pressure was also likely to have occurred after a temporary air
compressor was installed to drive the pneumatic valves (AO valves) and wet vent
operaions were carried out at around 14:00 on March 12. However, when D/W pressure
measurement recommenced at around 14:00 on March 13, the pressure has risen to 0.6
MPag and the PCV vent line had closed due to an unknown cause. Emissions may have
restarted at8:00 when pressure started dropping again.

On March 13, RPV pressure dropped to 0.5 MPag and reversed position with D/W
pressure. However, detailed examinations cannot be conducted due to lack in data of
both pressures.

5) Evaluation of accident evedevelopment

Regarding development of the Unit 1 accident event, from analyses conducted to date, it
is likely that the IC stopped working when the tsunami hit, causing damage to the reactor
from early on, and that by the time when the injection of senstarted into the reactor,

the core had melted and moved to the bottom of the RPV.

From the balance of the amount of water injected and the volume of vapor generated from
decay heat, it is likely that the water injected into the RPV was leaking.

Consdering the results of RPV temperature measurements, it is likely that a considerable
amount of the fuel cooled in the bottom of the RPV.

Concrete details of the explosion in the reactor building are unclear due to constraints in
checking conditions insalthe building. In addition to severe accident analysis, numerical

fluid dynamics analysis was also carried out. Results of these analyses showed likelihood
that gasses including hydrogen produced from a reaction inside the reactor between water
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and zironium of the fuel cladding were released via leaks in the RPV and PCV, so that
only hydrogen that reached the detonation zone accumulated in the space in the top of the
reactor building and caused the explosion. In the waste processing building, innatitditio
damage caused by the blast, it is possible that there was an inflow of hydrogen via the part
through which the piping runs.

At this point, the degree to which individual equipment was actually functioning is
unclear, so that it is also impossible determine the status of progress of the event.
However, the results of the severe accident analysis suggests that the radioactive materials
emitted to the environment by the leakage and the subsequent wet ventdr&@\thon

the dawn of March 14t is currently estimated that at that time, most of the noble gases in
the content within the reactors, about 0.7% of the total radioactive iodine, and about 0.3%
of the total cesium were emitted.
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Table IM5-1 Fukushima Daiichi NPS, UnitilMain Chronology(Provisional)

* Theinformation included in the table is subject to modifications following later verification. The
table was established based on the information provided by TEPCO, but it may include unreliable
information due to tangled process of cdileg information amid the emergency response. As for

the view of the Government of Japan, it is expressed in the body text of the report.

Unit 1

Situation before the earthquake: operating

31 1446 Reactor SCRAM (large earthquake acceleration)

14:47 All control rods were fully inserted
turbine trip
loss of external power supply
emergency diesel generator (emergency DG) start-up
main steam isolation valve (MSIV) close

14:52 emergency condenser (IC) automatic start-up

around IC shutdown

15:03 and repeatedly reactuated until around 15:30 (reactor pressure was controlled by IC)

15:07 - reactor containment spray system pumps were started up to cool the suppression chamber (S/C).

1510

15:37 all AC power supplies lost

1542 TEPCO determined that notification event according to NEPA Article 10 (loss of all AC power supplies) had
occurred

16:36 TEPCO, believing that it became impossible to inject water using the emergency core cooling system, determined
that the event according to NEPA Article 15 had occurred

1818 Opening operation was performed on IC (A) system supplying piping isolation valve MO-2A and return piping
isolation valve MO-3A/steam generation was observed.

18:25 IC (A) system MO-3A valve was closed

20:30 Main control room was lit (temporary facility secured)

21:19 Line-up from diesel-driven fire pump (D/D FP) to IC was performed

21:30 IC 3A valve was opened/steam generation was observed.

21:35 being supplied from D/D FP to IC.

22:00 reactor water level: effective fuel top (TAF)+550 mm

23:00 Radiation dosage is rising in the turbine building. (North side of the ground floor of turbine building 1.2 mSv/h
South side of the ground floor of turbine building 0.5 mSw/h.)

312 |0:30 Water is being supplied to IC (A) body side by fire extinguishing system.

0:49 Since there was a possibility that dry well (D/W) pressure level (maximum operating pressure in terms of design
427 kPa gage) exceeded 600 kPa, TEPCO determined that the event according to NEPA Article 15 (abnormal rnise
in containment vessel pressure level) had occurred

1-48 D/D FP i1s checked and it is found that supply is shut down by pump trouble, not by running out of fuel.

230 D/W pressure 0 .84 MPa (840 kPa) reactor water level TAF+1,300 mm (fuel region A), reactor water level TAF+530
mm (fuel region B)

415 D/W pressure 840 KPa

5:09 D/W pressure 770 KPa

514 From the rise of radiation level on site and also from a decreasing tendency of D/W pressure, TEPCO determined
that radioactive material is leaking.

5:46 Fresh water injection by fire pumps was started

6:30 2000 litters of fresh water had been injected. By (1000 litters/injection) fire engine, water was injected from the core
spray (CS) system through the D/D FP line.

755 Reactor water level decreased to 200 mm from TAF-100 (fuel region level instrument A) and 200 mm from TAF-100
(fuel region level instrument B).

755 3000 litters of water (cumulative) had been injected through the FP line by fire engines.

830 5000 litters of water (cumulative) had been injected through the FP line by fire engines.

9:04 Workers left for the site for pressure venting.

9:15 6000 litters of water (cumulative) had been injected through the FP line by fire engines.

around 9:15 Suppression chamber vent line motor-operated (MO) valve was manually opened (25%)

around 9:30 On site operation on the suppression chamber vent line air-operated (AQ; second valve) valve was attempted but
given up because of its too high radioactive dosage.

9:40 21000 litters of water (cumulative) had been injected through the FP line by fire engines.

1017 Operation to open the second valve (AO valve) was performed in the main control room through remote control.

12:55 Reactor water level: fuel region A-1700 mm, fuel region B-1500 mm, D/W pressure: 750 KPa

around 14:00 Additional operation for the second valve (AO valve) (using air compressor).

14:30 Pressure decrease in the containment by venting was observed.

14:53 Fire engines completed injection of 80,000 liters of water (cumulative) using FP lines

around 15:36: What was considered as a hydrogen explosion occurred in the upper part of the reactor building (Relatively strong
"shake" was sensed, and around 15:40, smoke rising was observed near Unit 1).

19:04 Injection of sea water (without boric acid) into the reactor was started.

20:45 Injection of boric acid was started to prevent the reactor from going critical again

313|338 Sea water was being injected by using the fire extinguishing line.
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Unit 1

Situation before the earthquake: operating

314 1110 Sea water injection was suspended because the remaining amount of sea water being supplied to the reactor
became small. (As of 23:30, sea water was being injected into the reactor.)
315
3186
37
318
319
3/20 (1546 480 V emergency low-voltage switchboard (power center (P/C) 2C) received power
A temporary power supply was supplied from Tohoku nuclear power line
321
3122
323 1140 Main bus panel for measuring received power 120 VAC
233 In addition to the sea water injection from fire pumps using fire-extinguishing systems, water (sea water) injection
from outside through the water supply system was started to add to the injection water.
3/24 |around 11:30 Main control room lighting recovered
17:10 Transfer of the accumulated water from the turbine building (T/B) basement to the hot well (H/W) began.
3/25 [15:37 The water injected into the reactor by fire pumps was switched from sea water to fresh water.
3/26
327
3/28
329 |8:32 For water injection into the reactor, the fire pumps were replaced with temporary motor pump
17:30 Transfer of the accumulated water from T/B to H/W was completed
(22:03) Residual water in a trench was analyzed and radioactivity was detected
3/30
331|920 Transfer of the accumulated water from the trench to the central radioactive waste treatment facility (central R/W)
pellet pool began
11:25 Transfer of the accumulated water from the trench to central R/W pellet pool was completed
12:00 Transfer of the accumulated water from condensate storage tank (CST) to the suppression pool water surge tank
(SPT) began.
13:03 For cooling spent fuel pool, spraying (fresh water) by using Tokyo Electric Company's concrete pump truck was
started.
14:24 Transfer of the accumulated water from CST to SPT was completed
15:25 Transfer of the accumulated water from CST to SPT was started.
16:04 For cooling spent fuel pool, spraying (fresh water) by using Tokyo Electric Company's concrete pump truck was
finished. About 90 t of water was injected.
4/1
4/2  |1526 Transfer of the accumulated water from CST to SPT was completed
17:16 For cooling spent fuel pool, spraying was started by using Tokyo Electric Company's concrete pump truck to check
the spraying position.
17:19 For cooling spent fuel pool, spraying was completed by using Tokyo Electric Company's concrete pump truck to
check the spraying position
4/3  |11:50 For water injection into the reactor, the power supply to the temporary motor pump was switched from the
temporary power supply to the permanent power supply.
13:55 Transfer of the accumulated water from H/W to CST was started.
4/4
4/5
4/6
47 |13 Nitrogen gas injection was started.
4/8
4/9  |3:29 For the nitrogen gas injection, all valves were temporarily closed and the operation to switch to the high purity
nitrogen gas generator was started
—03:59 operation to open the injection valve was started.
—04:10 Nitrogen injection to the containment vessel was switched to the high purity nitrogen generating measures
(all valves were opened).
4/10 |9:30 Transfer of the accumulated water from HW to CST was completed.
4/11  |around Due to the earthquake, external power supplies to Unit 1 and Unit 2 (Tohoku Electric Power Line) was shut down,
1716 and the reactor injection pump was shut down.
around Due to the earthquake, nitrogen injection suspended.
1716
17:56 External power supply recovered.
18:04 The reactor injection pump was reactivated.
2334 Nitrogen injection into the reactor containment was resumed.
4/12 1451 It was confirmed that the nitrogen gas injection device had been working without any problem after the earthquake
4/13
4/14 745 Installation of silt fences to the front surface and curtain wall of Unit 1 and Unit 2 was started to prevent the
diffusion of contaminated water.
12:20 Installation of silt fences to the front surface and curtain wall of Unit 1 and Unit 2 was completed to prevent the

diffusion of contaminated water.
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Unit 1

Situation before the earthquake: operating

4/15 (10:19 Transfer of power distribution panels and the like for injection pump of the reactor to upland as measures against
tsunami was started.
Transfer of power distribution panels and the like for injection pump of the reactor to upland as measures against
tsunami was completed.
4/16
AMT (11:30 In the reactor building, atmosphere investigation by using an unmanned robot was started.
around In the reactor building, atmosphere investigation by using an unmanned robot was completed
17:30
4/18 (11:50 Replacement of the hoses used for reactor injection with new ones was started. The injection pumps were stopped.
12:12 Replacement of the hoses used for reactor injection with new ones was finished. Injection pump operation.
4/19 (10:23 Nos. 1,2 - 3.4 power tie line had been laid.
(both Tohoku Electric Power Line - Okuma Line can be used to each other )
4/20
421
4122
4/23
4124
4/25 (1410 For power supply enhancement, the nitrogen injection device was shut down
14:44 In association with the power supply enhancement (tie up Nos. 1, 2 - 5, 6 with each other), shutdown operation of
Nos. 1, 2 power supply panel for 6,9 kV was started.
1738 In association with the power supply enhancement (fie up Nos_ 1, 2 - 5, 6 with each other), shutdown operation of
Nos. 1, 2 power supply panel for 6,9 kV was finished.
18:25 The reactor injection pump recovered its state of using external power supply
19:10 The shut down nitrogen injection device was restarted
4/26  (11:35 Atmosphere investigation (for radiation dosage, leakage, and the like) by using an unmanned robot was started on
the reactor building.
around 13:24 Atmosphere ir_lvgstigation (for radiation dosage, leakage, and the like) by using an unmanned robot was finished on
. the reactor building.
4/27  (10:02 In order to examine the injection volume sufficient to flood the fuel in the reactor, operation of gradually changing
the reactor injection volume from about 6 m>h to the maximum about 14 m*h was started.
4/28
4/29 110:14 Injection into the reactor was kept from 4/27 by the volume of 10 m¥h, but the volume was returned to the originally
planned 6 m*/h.
4/30
51
52 |12:58 In association with installation of an alarm device to the core injection pump, the core injection pump was switched
to fire pumps.
14:53 As the installation of the alarm device to the core injection pump was finished, the fire pumps were switched back to
the core injection pump.
53
5/4
55 |16:36 In order to improve the environment of the reactor building, local exhausters were installed, and then the operation
of all exhausters was started.
a6 |10:01 In order to flood the reactor vessel, the injection volume to the reactor was increased from about 6 m*/h to about 8
m’/h.
57
5/8  |20:08 A duct built through the double-entry door of the reactor building was cut.
59 (47 The double-entry door of the reactor building was fully opened.
5110
511 [8:47 The power supply to the reactor injection pump was switched to a temporary diesel generator, and injection was
performed.
8:50 As Okuma line Mo. 2 line was restored, part of the reactor power supply was shut down and the nitrogen gas
supplying equipment was shut down.
15:55 The power supply to the reactor injection pump was switched from the temporary diesel generator to the reactor
power supply.
1558 In association with the restoration of Okuma line No_ 2 line, the shutdown operation of part of the reactor power
supply finished, and then the nitrogen gas supplying equipment was reactivated.
5112
513 |16:04 Spraying (fresh water) on the spent fuel pool by Tokyo Electnic Company's concrete pump truck and the checking
the spraying position were started
19:04 Spraying (fresh water) on the spent fuel pool by Tokyo Electric Company's concrete pump truck and the checking
the spraying position were completed.
514 |15:07 Spraying (fresh water) was started on the spent fuel pool by Tokyo Electric Company's concrete pump truck.
15:18 Spraying (fresh water) was finished on the spent fuel pool by Tokyo Electric Company's concrete pump truck
5115
5116
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(2) Fukushima Daiichi NPS Unit 2

1) Chronological arrangement of accitlement progress and emergency measures

aBetween the earthquake occurrence and invasion of the tsunami

As noted in number 3 of this chapter, steady operation of rated thermal power was being
carried out prior to the earthquake. At 14:47 on March llbvahg the earthquake
occurrence, scram (automatic shutdown) was achieved due to large earthquake
acceleration. At the same time, all control rods were fully inserted, the reactor became
subcritical and normal automatic shut down was achieved. The ekfgoneer supply

was lost as a result of the earthquake, due to damage incurred to the receiving circuit
breakers of the station at the Okuma No. 1 and No. 2 power transmission line. This
resulted in automatic startup of the two emergency DGs.

At 14:47, theinstrumentation lost power as a result of loss of external power supply,
activating the MSIV closure signal as a fsdife and causing the MSIV to close.
Regarding closure of the MSIV, TEPCO determined that there was no rupture of the
main steam pipingas we could not verify an increase in steam flow from the transient
recorder records that would be have been observed if the main steam piping had
ruptured. NISA considered this judgment reasonable.

Closure of the MSIV led to a rise in RPV pressure.docoadance with the Procedures,

the RCIC was activated manuadly 14:50 but shut down at 14:51 due to a high reactor
water level. This led to a drop in the water level, but the RCIC was again manually
activated at 15:02 causing a rise in the water |leA&ehigh reactor water level was
achieved at 15:28 causing the reactor RCIC to shut down automatically. The RCIC was
again manually activated at 15:39.

Between 22:00 on March 11 and 12:00 on March 14, the reactor water level reading
(fuel range) remainestable at a level (+3000 mm or more) which maintained sufficient
depth from the Top of Active Fuel (hereinafter referred to as TAF).

Reactor pressure was controlled by closing and opening of the SRV.

As operation of the SRV and RCIC led to a rise inSHé temperature, the RHR pumps
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were started in succession from 15:00 to 15:07 to cool the S/C water. This is verified by
suppression of the temperature rise from around 15:00 to around 15:20 on the same day
as shown in the temperature chart of the S/C.

There are no records of operation of any emergency core cooling equipment aside from
the activation of the RHR pumps to cool the S/C until the occurrence of the station
blackout. This was likely because the reactor water level did not drop to the gjint (|

at which other equipment is automatically activated, and TEPCO state that they did not
activate such equipment manually.

b Impact from the tsunami

The abovementioned S/C then showed a tendency towards a rise in temperature from
15:30, and the RHR purapwere successively shut down from around 15:36. This is
thought to be due to a loss in functioning caused by the tsunami. At this time, the Unit
was affected by the tsunami, the two emergency DGs stopped operating due to flooding
and submergence of theaseater pump for cooling, the power distribution panel, and
the emergency bus bar, and a station blackout was resulted.

Furthermore, information on parameters could not be verified due to a loss in direct
electrical current functionality.

Loss in functioality of the RHR sea water pump led to a loss in RHR functionality, and
the decay heat could not be transferred to the sea water that acted as the final heat sink.

c Emergency measures

At 22:00 on March 11, observation of the reactor water level was\aghiAs of the day,
it is presumed that the water injection was achieved by the RCIC since the water level
was observed stable. However, reactor pressure is slightly lower than rated, at 6 MPa.

From 4:20 to 5:00 on March 12, as condensate storagenatek level decreased and in
order to control the S/C water level increase, the water source for the RCIC was
switched from the condensate storage tank to the S/C so that the RCIC could continue
injecting water. The reactor water level remained stalble level which maintained
sufficient depth from the TAF by 11:30 on March 14. From that point until 13:25 on
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March 14, the reactor water level began to drop, at which point the RCIC was judged to
have shut down. The level dropped to 0 mm (TAF) at 16r2¢he same day. In relation

to this, TEPCO verified ogite that the RCIC was operating at 02:55 on March 12, and
that the RCIC water source had switched from the condensate storage tank to the S/C,
and through such measures among others, the RCICuwetsohing by around 12:00 on
March 14 to stabilize the reactor water level. TEPCO determined that there may have
been a loss in reactor cooling functionality at 13:25 on the same day and made a
notification pursuant to the provisions of Article 15 of NEPA

The RCIC is steardriven, but the valves were operated through direct electrical
currents. Although the time of RCIC functionality loss determined by TEPCO is more
than 30 hours after operation stap, given the actual constraints of battery capaitit
follows that functionality was maintained even after the battery run out.

SRV opening operations and alternative water injection operations commenced at 16:34
on March 14, and a drop in reactor pressure was confirmed at around 18:00. At this time,
the reactor water level also dropped. After that point, reactor pressure began to show a
tendency towards rising, which is presumed to have caused the SRV to close due to
problems in the air pressure used to drive the air operated valves (AOVs) and other
problems. At 19:54 on March 14, the seawater injection into the reactor using fire
engines was started. Water injection was therefore suspended for six hours and 29
minutes since 13:25 when the RCIC lost functionality.

With regard to PCV vent operationsriduce pressure in the PCV, at 06:50 on March 12,
TEPCO was ordered by the Minister of Economy, Trade and Industry in accordance with
Article 64, Paragraph 3 of the Reactor Regulation Act to contain the PCV pressure.
Based on this order, TEPCO began P@ht operations, carrying out operations at
11:00 on March 13 and 00:00 on March 15, but a decrease in D/W pressure could not be
verified.

d Explosion and actions taken afterword
At around 6:00 on March 15, the sound of an impact was heard which wsidered to
have resulted from a hydrogen explosion. No visible damage was observed at the reactor

building, but it was confirmed that the roof of the waste processing building which is
neighboring to the reactor building was damaged. During these proaeskeactive
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material to be released into the environment, and as a result, the radiation dosage around
the premises increased.

At 10:30 on March 15, based on Article 64, Paragraph 3 of the Reactor Regulation Act,
the Minister of Economy, Trade anddumstry directed TEPCO to inject water into the
reactor of Unit 2 as soon as possible and carry out a dry vent as it necessitates.

With regard to the alternate water injection system, until March 26, sea water was
injected into the reactor, but from Mar2B, fresh water was injected from a temporary
tank. From March 27, the fire pumps were replaced by temporary “hdten pumps,

and from April 3, the temporary power source was replaced by an external power source
to ensure the stable injection of wafEne total amount of water injected as of May end
was approx. 20,991 hifresh water; approx. 11,793 nsea water: approx. 9,197)m

With regard to recovery and reinforcement of the power supply, TEPCO completed
checking and the trial energizing of tfecilities to receive power from the nuclear
power line of Tohoku Electric Power Co., Inc. on March 16. From March 20, the Power
Center received power to ensure the power supply from an external power source. On
March 26, lighting in the Main Control Roomwas restored, and power was connected
while the load soundness was being checked.

In Table I\\5-2, these major events are arranged in a-Sewences with more details.
Figs. I\-5-4 to 56 show the plant data such as RPV pressure.

2) Assessment usingware accident analysis codes
aAnalysis by TEPCO
Results of the analysis by TEPCO show that when alternate injection water flow is small,
RPV will be damaged due to the fuel melting. TEPCO assessed that considering the
above results and the measured RPWperature data obtained to date, that most of the
fuel actually cooled at the RPV bottom.
TEPCO judged that during this time, although RCIC operation was continued, water

leakage from RPV was presumed to have occurred, based on PCV pressure behavior,
that this leakage caused the RCIC to shut down. TEPCO supposed that the fuel was
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uncovered for five hours from 13:25 on March 14 (75 hours after the Earthquake began)
and that the core damage started two hours later. After that, assuming there was an
outflow of alternate injection water due to insufficient maintenance of the reactor water
level in the fuel region, the core likely melted, and the melted fuel moved to the lower
plenum so that the RPV was damaged 109 hours after the Earthquake began.

The leakage of radioactivity was analyzed assuming that the radioactivity contained in
the fuel was released to RPV after fuel collapse and melting and that it leaked to the
PCV. It is estimated that nearly all the noble gas was released to environment, and the
release rates of iodine and other nuclides are less than about 1%.

b Cross check analysis by NISA
In the cross check analysis, NISA conducted analysis using MELCOR codes with the
conditions that TEPCO analyzed (base case) and sensitivity analydisnati@n of the
injected water volume assuming the volume varies with RPV pressure in relation to the
pump discharge pressure.

In the c¢cross check analysis of the base ca
results. At 18:00 on March 14 (75 hiewafter the Earthquake began), the fuel uncovering

began, and core damage commenced within two hdims.time when theRPV was

damagedin the cross check analysis was earlier than the time given in the TEPCO
analysis, and was about five hours after tlaatiifjuake began, and the PCV pressure

behavior results are consistent with measured data.

Results showed the release rate of radioactive materials to be about 0.4% to 7% for
iodine nuclides, about 0.4% to 3% for tellurium nuclides, and about 0.3% ta6% f
cesium nuclides. Release rates may change with operating conditions, as release rates
vary with the sea water flow rate and the set operating conditions are unclear.

3) Evaluation of the conditions of the RPV, PCV, etc.

aVerification of plant data

First, the following studies the plant data from March 17 to May 31, during which the
plant was relatively stable. Interpretation of plant data during this period is as follows:
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With regard to the reactor water level around the reactor fuel, when tMepRGsure
remained high, the PCV temperature was high. As a result, the water in the condensation
tank and instrumentation piping in the PCV, whose water level is used as a reference
water level, evaporated, causing the reference water level to dropnafisave caused

the indicated reactor water level to be higher than the actual reactor water level. Since
then, the reactor water level showed the same trend as that of Unit 1, and therefore, it
was determined that during this period, the water levethe RPV was not measured

properly.

The measured RPV pressure in system A was consistent with that in system B, and it
was determined that the indicated pressure was mostly correct. For the period during
which negative pressure was indicated, the pressaseout of the measurable range of

the pressure meter and determined to be not measured properly.

Since March 27, the RPV temperature trend has been consistent with the amount of
water injected, and it was determined that the indicated temperaturewgyrcorrect.
However, some data shows the temperature was kept constant, which is not consistent
with other readings. Therefore, such data is not used for evaluation.

With regard to the interpretation of plant data up to March 17, especially from érch

to 15, the data fluctuated significantly, and could not be used for numerical values. The
data was used as a reference for the rough understanding of fluctuations, along with
event information such as the operation of equipment.

b Presumed conditioof the RPV, PCV, etc. when they were relatively stable

-RPV boundary condition

TEPCO estimated the amount of water injected into the RPV until May 31 to be 21,000
tons, but the amount of steam generated since the injection of water began was estimated
to be about 7,900 tons although it was estimated by the decay heat evaluation method
and the amount of decay heat was estimated to be a little larger than the actual amount.
If the pressure boundary remains undamaged, at least about 13,100 tons of auddier sh
remain in the RPV. The volume of the RPV is estimated to be less than 500 m
Therefore, the injected water vaporized inside the RPV. In addition to the leakage of
steam, liquid is also suspected of leaking. Water was injected into the RPV threugh th
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recirculation water inlet nozzle, and flowed to the bottom of the RPV via the jet pump
diffuser. Judging from the fact that the reactor fuel was kept cool, at this point, it is
presumed that the injected water had leaked from the bottom of the RPV.

From May 29 to May 30, water was injected through the recirculation water inlet nozzle
and, in addition, water was injected through the f@ater nozzle. From around 17:00
on May 30, water was injected through the feeder nozzle only.

Since March 16, # RPV pressure has been kept around the atmospheric pressure, and
equal to the D/W pressure of the PCV. At this point, it is presumed that the RPV has
been connected to the PCV in the vapor phase area.

-Condition of the inside of the RPV (core conditiordavater level)

Since March 20 the RPV temperature has been measured when the amount of water
injected increased. During most of the period after the start of measurements, the
temperature was stable at around 100°C, and during most of the period afthrada

when the amount of water injected was decreased, the RPV temperature was around
150°C. Accordingly, at this point, it is presumed that a significant amount of the fuel
remained in the RPV. Howevdhere is a possibilitghat the bottom of the RPV asg
damaged andome ofthe fuelmight havedroppedand accumulated on the D/W floor
(lower pedestal).

Judging from the fact that the temperature in some part of the RPV is higher than the
saturated temperature in relation to the RPV pressure, it isnpedstnat part of the fuel
was not submerged and cooled by steam.

-PCV condition

On March 15, the D/W pressure exceeded the maximum useable pressure of the PCV
(0.427 MPag) and increased to about 0.6 MPag. Accordingly, at this point, it is
presumed thahk sealing performance deteriorated at the gaskets of the flanges and the
penetration parts. The D/W pressure is kept at around the atmospheric pressure (0
MPag) and it is presumed that the steam generated by decay heat is being released from
D/W into theoutside environment through these deteriorated parts.
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Because, most of the time, the S/C pressure is not measured, at this point, it was difficult
to estimate the condition of the inside of the S/C and the water level in the D/W based
on the plant datadowever, judging from the fact that high levels of contaminated water
were found in the turbine building, at this point, it was presumed that the water injected
into the RPV was leaking from the RPV through the PCV. Currently, TEPCO is studying
how to estmate the water level in the D/W.

4) Presumption of the condition of the RPV, PCV, etc. as it changed with time

According to TEPCO, early on March 12, the water source was switched to the S/C and
the injection of water continued by the reactor core femiacooling system (RCIC). On

the morning of May 14, the water level was above the Top of Active Fuel (TAF).
Accordingly, at this point, it was presumed that at least until then, the RCIC had
functioned properly. It is also presumed that because the $veatriving the turbine of

the RCIC was continuously released into the S/C gas phase on the morning of March 12,
the S/C pressure increased, the steam flowed from the S/C into the D/W, and at around
12:00 on March 12, the D/W pressure increased.

On the norning of March 14, the RPV pressure increased and the reactor water level
dropped presumably because the RCIC malfunctioned, and the RPV pressure was about
7.4 MPag. Accordingly, it is presumed that the reactor water level further dropped after
the SRV wa activated. A report was received that the PCV was vented before that, but
during part of the time, the PCV pressure did not decrease. There is a possibility that the
RCIC did not fulfill its required function. To know to what extent the RCIC functioihed,

is necessary to closely examine and analyze the condition of each component.

At around 0:00 on March 15, the S/C pressure did not increase but the D/W pressure

increased, and after that, there had been a significant difference between the D/W pressure
and S/C pressure for a long time and they had been inconsistent with each other. It is

unknown why this happened.

In addition to these presumptions, the water level did not return to normal, and at around
0:00 on March 15, the readings on the PCV atmesmmonitoring system (hereinafter
referred to as CAMS) for the D/W and S/C increased by three to four digits. Accordingly,
it is presumed that the fuel was damaged at this time. In addition, TEPCO reported that
from late afternoon on March 14, water wajgcted by fire trucks, but the water level
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did not rise, and there is a possibility that they did not fulfill their required function
because of the reactor pressure. To know what extent they functioned, it is necessary to
closely examine and analyzestbondition of each component.

5) Event development analysis and summarization of the events based on the presumptions
of the condition of the RPV, PCV, etc.

With regard to accident event progress in Unit 2, analyses carried out to date suggest that
theloss in RCIC functionality caused damage to the reactor core, and that water injection
may not have been sufficient as injection of seawater commenced at a time of high
pressure in the reactor. As a result, insufficient cooling may have caused meltireg of
reactor core, and the melted fuel, etc, to transfer to the bottom of the RPV.

Considering the balance of volume of injected water and volume of steam generated from
decay heat, it is presumed that the water injected into the RPV is leaking.

Considenng the results of RPV temperature measurement, a significant amount of fuel is
thought to have cooled in the bottom of the RPV.

With regard to the sounds of an impact around the S/C, we cannot say anything for sure
because we are limited in checking tlite svhere the explosion was heard. In addition to
severe accident analysis, we conducted numerical fluid dynamics analysis, and at this
point, it is presumed that in the reactor, the hydrogen generated when zirconium used in
the fuel cladding reacted witivater flowing into the S/C when the SRV was opened,
leaked from the S/C, and exploded in the torus room. With regard to the waste processing
building, at this point, we cannot deny the possibility that it was damaged by the blast and
the hydrogen flowed io it through the pipe penetrations etc.

At this point, we cannot indentify to what extent each component functioned, and
therefore, cannot determine how the events of the accident have developed. However,
based on results of the severe accident anabfsiee current situation, regarding the
release of substances to the environment via a leak in the PCV up until the morning of
March 15, it is estimated that nearly all the noble gas was released and the proportions
released into the environment of iodimesium, and tellurium are approx. 0.4% to 7%,
0.3% to 6%, and 0.4% to 3%, respectively.
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Table IM5-2 Fukushima Daiichi NPS, Uniti2ZMain Chronology(Provisional)

* The information included in the table is subject to modifications following lateifiegtion. The
table was established based on the information provided by TEPCO, but it may include unreliable
information due to tangled process of collecting information amid the emergency response. As for the
view of the Government of Japan, it is exgsed in the body tegf thereport

Unit 2
Situation before the earthquake: operating
311 14:47 Reactor SCRAM (large earthquake acceleration)
All control rods were fully inserted
Turbine trip
Loss of external power supply
Emergency diesel generator start-up
Main steam isolation valve (MSIV) close
14:50 Reactor core isolation cooling system (RCIC) was manually started up
14:51 RCIC trip (L-8)
15:00 Residual heat removal system pumps were started up sequentially (for cooling the water in the suppression chamber).
15:02 RCIC was manually started up.
15:07 Residual heat removal system pumps were ended sequentially
15:28 RCIC trip {L-8)
15:39 RCIC was manually started up
15:41 All AC power supplies were lost.
15:42 TEPCO determined that nofification event according to NEPA Article 10 (loss of all AC power supplies) had occurred
16:36 EPCO, believing that it became impossible to inject water using the emergency core cooling system, determined that the event according
to NEPA Article 15 had occurred
20:30 RCIC under shutdown
Preparation for main control room illumination (temporary power).
22:00 Reactor water level Top of Active Fuel (TAF) +3400 mm
22:47 RCIC operation cannot be confirmed
312 (0:30 RCIC under shutdown, water level TAF at 3500 mm (as of 0:00 on 3/12) and reactor pressure at 6.3 MPa (as of 23:25 on 3/11) Dry well
(D/W) pressure at 40 Kpa (as of 23:55 on 3/11)
2:55 The RCIC start-up state was checked
4:20 - 5:00 RCIC water supply was switched from storage tank (CST) to suppression chamber (S/C).
313 |3:00 D/W pressure rises (315 KPa) (40 KPa as of 0:30 on 3/12)
11:00 The second valve was set to "open” for venting
314 (1101 It was confirmed that the suppression chamber (S/C) side valve was closed and also confirmed that the valve was inoperable
12:00 The S/C temperature (147°C) and the S/C pressure (485 KPa) were increasing.

Since the reactor water level tended to decrease, sea water injection was prepared (12:00: 3400 mm — 12:30: 2950 mm (A), (12:00
3400 mm — 12:30: 3000 mm (B))

1325 RCIC shut down (assumed)
Since the reactor water level decreased and there was the possibility that the RCIC was inoperable, the operator determined that an
NEPA Article 15 event (loss of reactor cooling function) had occurred

15:00 The RCIC operation state was being checked.

16:00 The operation to open the suppression chamber (S/C) side valve.

16:20 It was confirmed that the suppression chamber (S/C) side valve was closed

16:34 The operation to depressurize the reactor pressure vessel (safety relief valve (SRV) open) was performed, and the sea water injection
operation was started using fire engine lines

17:17 The water level reached to TAF.

around 18:00 The reactor pressure decrease was observed.

Thereafter, due to the problems including the air pressure for driving SRV and the maintaining excitation of the solenoid valve of the air
supply line, the SRV was seemed to be closed and the reactor pressure increased

1822 The reactor water level reached from TAF to -3700 mm, and it was determined that the whole of the fuel was uncovered.

19:20 Fire pumps for sea water injection stopped due to lack of fuel.

19:54 The sea water injection started (the first fire pump started up).

19:57 The second fire pump started up

21:00 The operation of opening the pressure suppression chamber (S/C) side small valve (opening was unknown).

21:03 The reactor pressure decreased (1418 KPa)

21:20 By opening two safety relief valves, reactor depressurization and water level restoration were confirmed. Thereafter, due to the problems

including the air pressure for driving SRV and the maintaining excitation of the solencid valve of the air supply line, the closing operation
and the opening operation of SRV were seemed to be performed.

around 21:20 It was observed that the reactor water level tended to recover
22:14 The reactor water level recovered -1800 mm, the core damage was evaluated and determined as 5% or less.
22:50 Since the D/W pressure exceeded the maximum operating pressure for design, the operator determined that an event according to NEPA

Article 15 (abnormal increase of the reactor containment) had occurred. D/W pressure at 540 KPa
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Unit 2

Situation before the earthquake: operating

s |0:02 Valve set to "open” for dry venting
0:45 Reactor pressure at 1823 KPa
3:00 D/W pressure at 750 KPa
Since the D/W pressure exceeded the maximum operating pressure for design, the depressurizing operation and the injection operation
into the reactor were performed, but they were not sufficiently depressurized
5:00 The reactor pressure decreased (626 KPa)
around 6:00 - 6:10 An explosion thought to be a hydrogen explosion came from near the S/C (loud explosion sound near pressure control room), and all
personnel were evacuated except for those necessary for operation (the reactor water level TAF -2800 mm, the reactor pressure
unknown, the S/P pressure unknown, the D/W pressure 0.73 MPa.
8:25 White smoke (seemed to be steam) was observed near the fifth floor of the reactor building.
15:25 The reactor pressure was lower than the containment pressure (the reactor pressure 0.119 Pa the D/W pressure 0,174 MPa gauge
15:30 The core damage amount was changed from 14% to 35%
3/16
37
318
319
3/20 (1505 The sea water injection into the spent fuel pool was started by using the fuel pool cooling system (FPC) and subsequent seawater
injection was done from the FPC.
15:46 430 V low pressure board for emergency (power center P/C 2C) received power.
A temporary power supply was supplied from Tohoku nuclear power line.
17:20 Seawater injection into the spent fuel pool ends. Injected water volume approx. 40 t.
321 168:20 It was confirmed that the white haze mist like smoke (steam) observed in the reactor building was newly coming out from the roof at the
roof floor.
322 |71 The white haze mist like smoke (steam) decreased to be almost disappeared
16:07 Seawater injection into the spent fuel pool was started.
17:01 Seawater injection into the spent fuel pool ends. Injected water volume approx. 18 t
3123
3124
3/25  (10:30 Seawater injection into the spent fuel pool was started.
12:19 Seawater injection into the spent fuel pool ends. Injected water volume approx. 30 t.
326 [10:10 Fresh water injection into the core was started by using the temporary tank with boric acid dissolved.
16:40 Turbine building (T/B) Motor Control Center (MCC) 2A-1 received power.
16:46 The main control room lighting recovered
327 |[18:31 For water injection into the reactor, injection by the fire pumps was switched to fresh water injection by temporary motor pumps.
3728
3/29  [15:30 For water injection into the spent fuel pool, injection by the fire pumps was switched to injection by temperary motor pumps
16:45 Transfer of peoled water from the Condensate Storage Tank (CST) to the suppression pool tank (SPT) starts
3730 |around 9:45 Malfunction of the temporary motor pump for injecting coeling water into the spent fuel pool was cbserved, and the temporary motor
pumps were switched to the fire pumps: Injection was interrupted.
12:30 Water injection restarted after switching the coolant water injection for the spent fuel pool to the fire pumps.
12:47 Crack confirmed in the fire pump hose
13:10 Fire pump hose changed
17:05 Water injection restarted to the spent fuel pool using the fire pumps.
19:05 For water injection into the spent fuel pool, injection by the fire pumps was switched fo injection by temporary motor pumps, and the
injection was restarted
23:50 Water injection to the spent fuel pool completed, less than 20 t
331 [14:24 Transfer of pooled water from CST to SPT ends
15:25 Transfer of pooled water from CST to SPT starts
4n 11:50 Transfer of pooled water from CST to SPT ends
14:56 Fresh water injection into the spent fuel pool through the spent fuel pool cocling system by the temporary motor pumps was started
17:05 Fresh water injection into the spent fuel pool through the spent fuel pool cooling system by the temporary motor pumps was ended,
approx. 70t
412 11:05 It was observed that water exceeding 1000 mSv accumulated in pit near the bar screen, the crack of about 20 ¢cm on the concrete at the
side of the pit, and water leakage from the pit into the sea from the crack
16:25 Cement was injected in a pit adjacent at the upstream side of the pit concerned.
17:02 The cement injection into the pit concerned was started
17:10 Transfer of pooled water from the hot well (HW) to the Condensate Storage Tank (CST) started
19:30 The operation to prevent water leaking from the pit into the sea was suspended since the Alarm Pocket Dossimeter (APD) on the workers|
exceeded the alarm set point. No significant decrease in outflow status is apparent.
413 11:50 The temporary metor-driven pumps used to inject water to the reactor were connected to an permanent power supply, switching from an
temporary power supply.
1347 As a measure to stop the leak of accumulated water in a pit near the Inlet Bar Screen, 20 bags of sawdust, 80 bags of polymeric water
absorbent, and 3 bags of shredded newspaper were started to be put into the water.
14:30 As a measure to stop the leak of accumulated water in a pit near the Inlet Bar Screen, 20 bags of sawdust, 80 bags of polymeric water

absorbent, and 3 bags of shredded newspaper were ended to be put into the water.
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