5. Situation of Each Unit etc. at Fukushima NPS

The outline of the accident at Fukushima NPS has been given in Chapter 4. This accident
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 difficult conditions.

In addition, in order to supplement this limited information, TEPCO carried out analysis
and evaluation of reactor situation of Unit 1,Unit 2 and Unit 3 using MAAP, which is a
Severe Accident Analysis Code, based on gained operating records and parameters. The
results were reported to NISA on May 23. NISA carried out a crosscheck by using other
severe Accident Analysis Code, MELCOR in order to cross-check for validation of
TEPCO’s analysis with the assistance of Incorporated Administrative Agency Japan
Nuclear Energy Safety Organization in order to confirm the adequacy of the analysis and
evaluation concerned by using MELCOR, another severe accident analysis code. The
report of analysis and evaluation conducted by Tokyo Electric Power Company is shown in
Appended Reference IV-1, and analytic results by crosscheck are shown in Appended
Reference 1V-2.

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 with reporting 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 the events that 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 it in 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
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with the performance of each plant operation, the overall behavior, the parameter
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, etc., we first estimated the RPV, PVC, etc. situation when
they were relatively stable. Then we used the estimated event progress to estimate the
RPV, PCV, etc. situation as it changed with time.

(5)We carried out a comparative consideration from the analysis in (3) and 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 the explosion 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 situation) 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 have 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

a From the earthquake to the invasion of the tsunami
As shown in Chapter 3, before the earthquake the power station was operating steadily
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, and it was
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
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generators automatically started up.

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 was closed 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 judged that there were no breaks in the main steam piping and 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
manually shut 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 A-system of the 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 remained following the earthwork, the HPCI records show no
indications of any drop to the automatic activation water level (L-L) or any records of
the HPCI being activated.

b Effects from the tsunami

At 15:37, the effects of the tsunami were felt, and the water, meaning 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 metal-clad switchgear of Unit 1. Unit 2 also suffered a loss of all AC
power, so it was not possible to supply power from Unit 2.
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In addition, the loss of DC power functions meant that it was not possible to check the
parameter information. With the reactor water level no longer able to be monitored,
and the water injection situation unclear, there was the possibility that no water was
being injected, so at 16:36 TEPCO judged that an correspond event (non-operation of
emergency core coolant device injection) according to the provisions of Article 15,
Paragraph 1 of the NEPA had occurred. Additionally, the loss of function of the
component cooling system seawater pump meant that the seawater system was lost,
and the SHC was not able to be used, so it was not possible to relocate the decay heat
of the PCV to the sea, the ultimate heat sink.

¢ Emergency measures

TEPCO opened the A system valve on the IC and used the diesel-driven fire pump
(hereinafter referred to as D/D FP) to pump fresh water into the body of the IC etc., in an
attempt to maintain 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 operating pressure at 00:49 on March 12, and judged that an correspond event
(abnormal increase of containment vessel pressure) according to the provisions of
Article 15, Paragraph 1 of the NEPA had occurred and informed NISA. As a result, at
6:50 on March 12, 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 injection (fresh 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 was a 14-hour-and-9-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 building was already at the high radiation environment level, the work
proceeded with difficulty. The motor-operated valve (MO valve) in the PCV vent line
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was manually opened to 25% at about 9:15 on March 12. In addition, workers headed to
the site to open the air-operated 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 pressure 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 the operation 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, the supply 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 Economy, Trade and Industry ordered taking action to inject seawater to
fill up the RPV. TEPCO started pumping in seawater using the fire-fighting lines at
19:04 on March 12. There was confusion in the lines of communication and command
between the government 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 order 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 was around 10,787 m® of fresh water, and
around 2,842 m® of seawater, for a total of around 13,630 m®. 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 changing the 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 be done, and an evaluation
of effects regarding safety, based on Article 67, Paragraph 1 of the Reactor Regulation
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Act. This was done as there was the possibility of hydrogen gas accumulating inside the
PCV. NISA accepted TEPCO’s report, dated the same day, and directed them on three
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 Tohoku Electric Power Co.’s Toden Genshiryoku
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 23, cables are being from the
power center for the load needed. The connections are being established.

Main time lines are shown in Table 1V-5-1. In addition, parameters for the RPV pressure
etc. are shown in Figs. 1\VV-5-1 through 1V-5-3.

2) Evaluation using the Severe Accident Analysis Code

a Analysis 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 measurements 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 progress, the IC was assumed not to function following the
tsunami and it was estimated that the 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 flowed to the 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 was carried out for
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
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iodine to the total iodine contained (hereinafter referred to as release ratio) was
approximately 1% from the analysis result, and the release of other nuclides was less
than 1%.

b NISA’s cross-check

In the cross-check analysis, along with carrying out an analysis using the MELCOR
code with the same conditions (basic conditions) as 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 with the RPV pressure.

The cross-check 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 after the shock, which is
earlier than that of TEPCO’s analysis, and the behavior of the RPV pressure was
coherent with the pressure actually measured.

As for release ratio of radioactive nuclides, the analytical results show about 1% of
tellurium, about 0.7% of iodine and about 0.3% of cesium. However the release ratios
are changed according to the injection flow rates of seawater, the results may be changed
by operation condition because the operation condition was not cleared.

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

a Checking 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 was considered as shown below.

The water level by the reactor fuel lowered through evaporation of water in the
instrumentation piping and the condensation tank inside the PCV, the water level in
which is considered the standard water level, due to the high temperatures in the PCV
when it was changing under high pressure. This suggests that the reactor water level was
indicating higher than normal. As a result of recovering and correcting the standard
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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 water level
inside 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 due to the 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 system that 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 March 22 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 indications 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, etc. status 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

the start of water injection was approx. 5,100 tons, as the water was evaluated with a

IV-44



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 tons. The capacity of the RPV, even in the larger estimates, is about 350 m°, so it
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 diffusers. In regard to the question of
whether the fuel has been cooled, at the present moment it is estimated that the injected
cooling water is that 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. However, 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 of increasing 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 amount was 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
level 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, the bottom of the RPV is damaged, and it is thought at the present stage it is
possible that some of the fuel has fallen through and 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

part of 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 exceeded 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, which 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 inclusion 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 stage it 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 March 23, 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 components during 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 following 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 been 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 of 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
investigation and 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 is required 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
operations 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 at 18:00 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 event development

Regarding development of the Unit 1 accident event, from analyses conducted to date, it
is likely that the I1C stopped working when the tsunami hit, causing damage to the reactor
from early on, and that by the time when the injection of sea water started 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.

Considering 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 inside the 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 zirconium 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, in addition to
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 to 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 vent from the PCV on
the dawn of March 12. It 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 IV-5-1 Fukushima Daiichi NPS, Unit 1 — Main Chronology (Provisional)

* The information 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 collecting 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
LS—Kuaﬁon belore the earthquake. operating
11 (1446 Reactor SCRAM (large earthquake acceleration)
14:47 All control rods were fully inserted.
turbine trp
loss of external power supply
wmergency diesel generator (emergency DG) Lart-up
man steam solation valve (MSIV) close
1452 amergency condenser (IC) automatic start.up
around IC shutdown
1503 and repeatedly reactuated untl around 15:30 (reactor pressure was controlied by IC)
15:07 - reactor containment speay system pumps were started up to cool the suppression chamber (SIC).
1510
15:37 all AC power suppbss lost
1542 TEPCO deterrminad that notiication event according to NEPA Articls 10 (loss of all AC power supplies) had
occuned.
16:36 TEPCO, bakeving that & became mpossibie 10 injoct water usang the emergency core cooling system, detonmned
that the event according to NEPA Article 15 had ocourred
16818 Operang operation was perdommed on IC (A) system supplysng piping Isolation valve MO-2A and retumn piping
sokation valve MO-3A/steam generation was observed.
1825 1C (A) system MO-3A valve was closed
20:30 Man control room was it (temporary tacility secured)
2114 Line-up from diesel-dnven fire pump (VD FP) to IC was performed
21.30 IC 3A vaive was opened/steam generabon was observed
21:35 being supphed from D/D FP to IC
22.00 reactor water level. effective fuel top (TAF)+550 mm
23.00 Radation dosage is nising in the turtsne building. (North side of the ground flcor of turbine busiding 1.2 mSvih
South side of the ground flcor of turbine busiding 0.5 mSwh |
12 |0:30 Water 1s baing supphed to IC (A) body side by fire exinguishing system
049 Since thers was a possibisty that dry well (/W) pressure level (maxamum operating prassure in tarms of design
427 kPa gage) exceeded G600 kPa, TEPCO determined that the event according to NEPA Article 15 (abnomal nse
in containment vessel pressure level) had occurred.
148 DD FPis checked and & is Tound that supply 1 shut down by pump trouble, nol by running out of fuel.
230 D/W pressure 0.84 MPa (840 kPa) reactor water level TAF+1,300 mm (fued region A), reacior water level TAF+530
mim (fusl region B)
415 DIW pressure 840 KPa
5.00 DIW pressure 770 KPa
514 From the nse of radiation level on sfie and also from a decreasing tendency of D'W pressure, TEPCO determined
that radiactive matenal 1S leaking
5.46 Fresh water mjection by fire pumps was started
6:30 2000 litters of fresh water had been mected. By (1000 hitersinjecton) fire engine, water was injected from the core
spray (CS) system through the DVD FP line
7:55 Reactor water level decreased to 200 mm from TAF-100 (fuel regwon baved instrument A} and 200 mm from TAF-100
(fuel region level mstrument B)
7.55 3000 litters of water (cumutative) had been mjectad through the FP line by firs engmes.
8:30 5000 htters of water (cumutative) had been injected through the FP line by fire engines.
0:04 Workers left for the site for pressure venting.
915 6000 litters of water (cumulative) had bean injected through the FP fine by fire enpmnes.
around § 15 Suppression chamber vent fine molor-operated (MO} valve was manually opened (25%)
around 930 On site operation on the suppression chamber vont line air-operated (AD, second valve) valve wirs attampted but
given up because of its too gh radioactive dosages
9:40 21000 fitters of water (cumulative) had baan injected through the FP line by fire engines.
017 Operation 10 open the second valve (AQ valve) was performad in the main control room through remote control
1255 Reactor water leved: fuel region A-1700 mm, Tuel region B-1500 mm, DYW pressure: 750 KPa
around 1400 Additional operation for the second vatve (AD valve) (using air compressor)
14:30 Pressure decrease in the containment by venting was observed.
1453 Fire engines compieted inpechon of 80 000 hters of water (cumulatve) using FP ines
around 15:36: What was considerad as a hydrogen explosion occurred in the upper part of the reactor bulliding (Relatively strong
"shake™ was sensed, and around 1540, smoke rising was observed near Unit 1)
19.04 Igection of sea water (without boric acid) into the reactor was started
20:45 Ingection of bonc acid was started to prevent the reactor from going cribcal again
A3 338 Sea waler was being injected by using the firo axtmguishing line
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Unit 1

110

Situation before the .

Sea water njection was suspended because the remaming amount of sea water being supplied 1o the reactor
became small (As of 23.30, sea water was being ijected into the reactor )

480 V emargency low-voltage switchboard (power canter (PIC) 2C) receved power.
A temporary power supply was supphed from Tohoku nuclear power ine

140
233

Mam bus panel for measunng received power 120 VAC
In addition 1o the sea water igection from fire pumps using fire-extnguishing systems, water (sea water) mjection
from outside through the water supply system was started to add to the ingection water

around 1130
1710

Mamn control room lighting recovered
Transter of the accumulated water from the turbene busding (T/8) basement to the hot well (HW) began

1537

The water injected nto the reactor by fite pumps was switched from sea water (o fresh waler

832
1730
(22.03)

For wates injection indo the reactor, the fire pumps were replaced with lemporary motor pump.
Transfer of the accumulated water from T/8 to HW was completed
Residuad water in a trench was analyzed and radicactivity was detected

920

125
1200

1303
1424

1525
16:04

Transter of the accumulated water from the trench to the central radwactive waste treatment faciity (central R/W)
pellet poot began

Transter of the accumulated water from the trench to central R/W peflet pool was completod

Transfer of the accumulated water from condensate storage tank (CST) to the suppression pool water surge tank|
(SPT) began

For cooling spent fusl pool, spraying (fresh water) by using Tokyo Electnc Company’s concrete pump truck was

Transfer of the accumulated water from CST to SPT was completed.

Transfer of the accumulated water from CST fo SPT was started.

For cooling spent fusl pool, spraying (fresh water) by using Tokyo Electnc Company's concrate pump truck was
finshed. About 90 t of water was injected

1526
1716

1719

Transfer of the accumulated water from CST to SPT was completed.

For cooling spent fuel poal, spraying was started by using Tokyo Electric Company’s concrete pumgp truck to check
the spraying position

For cooling spent fuel poal, spraying was completed by using Tokyo Electnc Company’s concrete pumg truck to

8

1150

13.55

For water injechon into the reactor, the power supply o the temporary motor pump was switched from the
temporary power supply 10 the permanent power supply.
Transler of the accumulated water from HW to CST was started.

131

HEEEER

329

For the nirogen gas igection, all vaives wers temporanly dosed and the operation to switch to the high punty
nitrogen gas genaralor was started

—03.:59 opsration lo open the injection valve was started

—04 10 Nitrogen injection to the containment vessel was swiiched 1o the high purity nitrogen generating measuras
(all valves wara opened)

E3

10

|a30

Transfer of the accumulated water from HW to CST was compieled

1716

17:16
1756
1804
2334

Due 10 the earthquake, extarnal power supplies 1o Unt 1 and Unit 2 (Tohoku Electnic Power Line) was shut down,
and the reactor injection pump was shut down.
Dus to the earthquake, nitrogen igection suspended.

Nitrogen injection into the reacsor containment was resumed.

412

45

it was confemed that the nitrogen gas ingaction device had baen working without any problem afier the earthquake

413

A4

745

1220

Instaflaton of silt fences to the front surface and curtain wall of Unit 1 and Unit 2 was started o prevent the
diffusion of comaminated wator.

Installation of silt fences to the front surtace 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:

415

1019

operaiing
Transfer of power distnbution panels and the like for mection pump of the reactor to upland as measures against
tsunami was started.

Transfer of power distnbution panels and the hke for ingachon pumg of the reactor to upland as measures against
tsunami was completed

4/16

anT

11:30
17:30

In the reactor butding, atmasphere iInvestgation by usng an unmanned robot was started
In the reactor building, atmosphere investigabon by using an unmanned robot was completed

4/18

150

1212

Replacement of the hoses used for reactor mjection with new ones was started  The ingection pumps were stopped

Replacement of the hoses used for reactor ingection with new ones was finished. Injection pump operation

419

1023

Nos 1.2 3.4 power tie line had been kid.
(both Tohoku Electnc Power Line - Okuma Line can be used to each other )

a2

4122

4123

4125

1410
1444

1738

1825
1910

For power supply entancement, the Nitrogen ection device was shist down

In association with the power supply enhancement (tie up Nos 1, 2 - 5, 6 with each ofher), shutdown operation of
Nos. 1, 2 power supply panel for 6 © kV was staried

In assocation 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 finished

The reactor injection pump recovered its state of using extemal power supply

The shut down nitrogen injection device was restarted

135

around 1324

Atmosphere investigation (for radeation dosage, leakage, and the like) by using an unmanned robot was started on
the reactor building
Atmosphere investigation (for radsation dosage, keakage, and the like) by using an unmanned robot was finished on
the reactor building

1002

In order fo examine the ingaction volume sufficient to flood the fuel in the reactor, operation of gradually changing
the reactor injection volume from about 6 m™/h 10 the maximum about 14 m>h was started.

1014

Injection into the reactor was kept from 4/27 by the volume of 10 m>/h, but the volume was retumed to the onginally
planned 6 mh.

1258
1453

In association with installation of an alarm device to the core mjection pump, the core injection pump was switched
1o fire pumps.

As the instaliation of the alam device 1o the core Injechon pump was fineshed, the fire pumps were switched back 1o/
the core injechon pump.

16:26

In order 1o improve the environment of the reactor bulkdng, local exhausters were mstalled, and then the operation
of all exhausters was started

10:01

In order 10 Bood the reactor vessel, the injection volume 1o the reactor was increased from about 6 m/h to about 8
mh

2008

A duct built through the doutie-entry door of the reactor bullding was cut

417

The double-entry door of the reacior bullding was fully openad

8 47
8.50
1555

1558

The power supply 10 the reactor injection pump was swilched 1o a temporary diesel generalor, and injection was

performed

As Okuma line No. 2 line was rastored, part of the reactor power supply was shut down and the nitrogen gas
supplying equipment was shut down

The power supply 10 the reacior injection pump was switched from the temporary desel generator to the reactor
POWRT SUPDIY.

In assocsation with the restoration of Okuma ine No. 2 line, the shtdown operation of part of the reacton power
supply finished, and then the nitrogen gas supplying equipment was reactivated.

12

513

16104

1904

Spraying (fresh water) on the spent fuel pool by Tokyo Elecine Comgany’s concrete pump truck and the checking
the Spraying position were started
Spraying (fresh water) on the spent fuel pool by Tokyo Electric Comgany’s concrete pump truck and the checking

14

1507

Spraying (fresh water) was staried on the spent fual pool by Tokyo Blactne Company’s concrete pump truck

1518

Spraying (fresh water) was finished on the spent fuel pool by Tokyo Elecinc Company’s concrete pump fruck.

15

516
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Figure IV-5-1 Changes in major parameters [1F-1] (From March 11 to May 31)
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Figure IV-5-2  Changes in major parameters [1F-1] (From March 11 to March 23)
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Figure IV-5-3  Changes in major parameters [1F-1] (From March 23 to May 31)
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(2) Fukushima Daiichi NPS Unit 2

1) Chronological arrangement of accident event progress and emergency measures

a Between 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 11 following 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
sub-critical and normal automatic shut down was achieved. The external power 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, the instrumentation lost power as a result of loss of external power supply,
activating the MSIV closure signal as a fail-safe and causing the MSIV to close.
Regarding closure of the MSIV, TEPCO determined that there was no rupture of the
main steam piping, as 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. In accordance with the Procedures,
the RCIC was activated manually, 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 level. A high 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) remained stable 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 in the S/C 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 point (I-2) 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 pumps were 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 the seawater 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 functionality 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.

¢ Emergency measures

At 22:00 on March 11, observation of the reactor water level was achieved. As 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 storage tank water 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 stable at a 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 16:20 on the same day. In relation
to this, TEPCO verified on-site 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 RCIC was functioning 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 steam-driven, 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 start-up, given the actual constraints of battery capacity, it
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 (AOVSs) 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 operations to reduce 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 PCV vent 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 was considered 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 processes, radioactive
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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 and Industry 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 March 26, fresh water was injected from a temporary
tank. From March 27, the fire pumps were replaced by temporary motor-driven pumps,
and from April 3, the temporary power source was replaced by an external power source
to ensure the stable injection of water. The total amount of water injected as of May end
was approx. 20,991 m? (fresh water; approx. 11,793 m®, sea water: approx. 9,197 m®).

With regard to recovery and reinforcement of the power supply, TEPCO completed
checking and the trial energizing of the facilities 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 Room was restored, and power was connected
while the load soundness was being checked.

In Table 1V-5-2, these major events are arranged in a time-sequences with more details.
Figs. 1V-5-4 to 5-6 show the plant data such as RPV pressure.

2) Assessment using severe accident analysis codes
a Analysis 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 RPV temperature 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 analysis as a function of the
injected water volume assuming the volume varies with RPV pressure in relation to the
pump discharge pressure.

In the cross check analysis of the base case, the results were roughly similar to TEPCO’s
results. At 18:00 on March 14 (75 hours after the Earthquake began), the fuel uncovering
began, and core damage commenced within two hours. RPV time in the cross check
analysis was earlier than the time given in the TEPCO analysis, and was about five
hours after the Earthquake 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% to 6% for
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.
a Verification 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 the PCV pressure
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 drop. This may have 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 level in the 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 pressure was out 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 temperature was roughly correct.
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 March 14
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 condition of 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 water should
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 through the
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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 feed-water nozzle. From around 17:00
on May 30, water was injected through the feed-water nozzle only.

Since March 16, the 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 condition and water 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 after March 29
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. However, it cannot be denied that the bottom of the RPV was
damaged and part of the fuel dropped and 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 is presumed that 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 that the 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 the outside 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 data. However, 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 estimate 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 isolation cooling 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 steam for driving 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 morning 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 was 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 functioned, it
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 atmosphere monitoring 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 was injected 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 analyze the condition 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
the loss 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 melting of the
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.

Considering 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 the site where 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 with water 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 into 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 analysis of the 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 iodine, cesium, and tellurium are approx. 0.4% to 7%,
0.3% to 6%, and 0.4% to 3%, respectively.
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Table 1V-5-2  Fukushima Daiichi NPS, Unit 2 — Main Chronology (Provisional)

* The information 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 collecting information amid the emergency response. As for the
view of the Government of Japan, it is expressed in the body text of the report.

L Unit 2
Fsmmm.w.-m
e aar Reactor SCRAM (Largs earthaquake acoskvabion)
All control rods were fully insered
Turbsne trp
Loss of axternal power supply
Emacgency dwessl genecalor start-up
Main steam solation valve (MSTV) close

1460 Reactor core isolation cocling system (RCIC) was manually started up

1451 RCIC tip (L-8)

15.00 Rezidual et temoval aystem pumps were started up saquantially (for cooling the waler m the suppeession chamber).

1502 RCIC was manually started up

1507 Residual eyt reenoval systam pumps wece ended sequentally

1528 RCIC wip (L-6)

1639 RCIC was manually started up

1541 All AC power supples wera Jost

1542 TEPCO determined that nofificaton event according o NEPA Artle 10 (loss of all AC power supplies) had occurred,

1636 EPCO, befeving that it b possble %o myect waler using the emergency core coaling systam, delemuned that tha event accondng
to NEPA Aticle 15 had occurred

20030 RCIC wnder shutdoan
Preparaton for main control room illuminaton (Semporary power)

22:00 Reactor water level Top of Active Fuel (TAF) 43400 mm

-47 RCIC operaton cannot be confrmed
'y‘i_i%i ; RGIG Gnder ShAdown, water lvel TAF a1 3500 mm (ak of 0,00 On 3712} and 163007 pressare a8 5 3 MPA (ah of 2325 on V11) Dry wall
(DAW) pressure at 40 Kpa (2s of 23:55 on 3/11)
12.55 The RCIC start.up stxte was checked
420 -500 RCIC water spply was swichad from storage tank (CST) 1o supgrassson chambee (SAC)
313 300 DV pressure nees (315 KPa) (40 KPa 3% of 0030 on 312).
1100 The second valve was set to “open” for venting
PRI ] 1t was confrmed Bl the suppresson chanmbee (SIC) side valve was closed and 30 confirmed that the valve wos inopecable

1200 The SIC sempecature (147°C) and e SIC pressurs (485 KPa) wers incressng
Since the reactor water kvl sandad 1o decreass, sea water INfecton was prapared (12:000 2400 mm — 12 30: 2950 mm (A), (1200
3400 mm — 12:30° 3000 mm {8))

1326 RCIC shut down (assumed)

Sinca the mactor water vt dacrased and hers was e possidlty st the RCIC was inoperabie, the operator detemmined that an
NEPA Article 15 evenl (lozs of reactor cooling funcson) had ocourred

15:00 The RCIC oparation state was beng checked

16.00 The opevation to open the suppression chamber (SIC) sde valve,

16:20 It was confemed Mal the sugppression chamber (SC) side valve was closed

1634 The operation to depressurize e reactor pressure vessel (safety rebef valve (SRY) open) was pedormed, and the sea water sechon
operation was started using $ra angine ines

177 The waler level reached lo TAF

around 1800 Tha reackr preasule decaase was obsered
Thersafter, due to the probl nicluding B it pe for derving SRV and the maintaining exck: of the solencid volve of the air
supply ine_the SRV was seemed % be closed and he reactor pressure increased,

18922 The reacior water kel reached from TAF 50 3700 mm. and it was detemansd That the whole of the fssd was uncovered

1920 Fan pumps for sea watar igechon stopped due % lack of fuel

19:54 The sea waler injection stared (the first firs pump storied up).

1967 The second fire pump staried up

2100 The operabion of apaning the p: SIpp! h (SIC) ke amal valve |opaning was unlknown)

2103 The reackr pressure dacmased (1418 KPa)

12120 By opening two safety rebef valves, reactor depressunzation and water level were confirmed. T# fier, due to the problems
inthuding e aif pressure for dehang SRV and the taming of the solenid valve of B aif supply Ine, the closmg operaban
and the opening operatian of SRY were seemed 10 be parformed

(around 2120 It was obiserved that the 7eactor wated level landed 10 recover

2214 The reacior water level recovered -1800 mm, the core damage was evakurled and dete § 3 5% of lass.

22:50 Since the DW p ded the op g P for desagn, the operator determened that an event according to NEPA
Arncle 15 (abnormal INcrease of !ie reacton core ) had ¢ DIW p 3 540 KPa
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Situation befors the uake:
315|002

045
300

5.00

825
1525

1530

around 6:00 - 6:10 An

Valve sol to “open” for dry ventng

Reactor pressure at 1823 KPa

DA pressure at 750 KPa

Since the DW p dad tha {or desagn, the dap g op and the inge
mnmmmwmmmmwmmu

'm-mmmmmuszsm)

ht %0 be a hydrogan explosion came from near the SIC floud explosion sound near pressiee control oom ), and ad
mmmhmmhmmmdeT&FJMM.hmm
L] , the SIP p k the DIV pe 0.73MPa.

L

White smoke {seemed to be steam) was observed near the §fth floor of the reactor buldng.
Tha reactor pressure was lower than $a contanment pressure (the reactor pressure 0119 Pa the DIW peessure 0,174 MPa gauge

Tha core d

9 was changed from 14% to 35%

H
e G

S

1506
1546
1720

Tha soa water myecton nto the spent fuel pool was starled by using the fuel pool cooling system (FPC) and subsequent seawater

Ingacion was done from the FPC

480 V low pr board for gency (power center P/C 2C) recoved power.
A temporary power supply was supphed from Toboku nuclear power line.
Seawater

FYRCHon #80 the spent fusd pool ands, Ingscted wated volume approx 40 ¢

1820

It was confumed that tha white haze mst like smoke (steam) observed n the reactor bulkding was newly coming cut from the rocf at the
ool floot

71
1607
17.01

The whie haze mist ke smoke (steam) decreased 1o be aimost disappeared
Seawater mjection nio the spent fusd pool was started
Seawater mjection mio the spent fusl pool ends. Ingected water volume approx. 18 ¢

1030
1219

Seawater mpechon nio the spent fuel pool was started.
Soawater mpcton w0 the spent fusl pool ende. Ingected wites volume approx 30 t

1010
1640
16:46

Freah walsr mpschon ndo the core was stirted by using (he tamporary tank with bofic acxd dissolved
Turtine buiidng (T/B) Motor Control Center (MCC) 2A.1 recerved powar

[LET

For water ¥yecton nio the reactor, ijachon by the Sre pumps was swiched 1o frash water injechon by temporary motor pumps.

§T§I§ §I§T§'§.‘ =

1530

1545

For water spection mio the speni fuel pool, myecbon by the fire pumps was switched oy by temporary molor pumps.

Trarsfer of pooled watar from the Condensate Siorage Tank (CST) 1o the suppression pool tank (SPT] stans

[aeound 9.45

1230

1247
1310
1705
19905

25350

Malfuncbon ol the temporary motor pump Tor epscting coolng wabss inlo the spent fusl pool was ob d, and the tlemporary molor
pumnps were swilched % the fre pumps: Injection was mtemupted

Water d after swiiching the coolant water ryechon for the spant fual pool to the fire pumps.

Crack confirmed in the Sre pump hose

Fire pump hose changed

Water injection restarted to the spent fosl pool using the fre pamps.

Far waler ingaction o the spent fuel pool. rpection by e fire pumps was sailched bo ny by temparary motor pumps. and the
InRcton was restarted,

Water injecton to the spent fual pool completed, less than 201

3

1424
1525

Transfer of pooked water from CST to SPT ends
Transfer of pocled watar from CST to ST stans

150
1456

1705

Transfer of poolod watar from LS T to SF1 ends
Freah water ingachion indo the spent fuel poal through the spent fusl pool cooling system by the lamporary molor pumps was staned

ann_,:cwmmemmwwnmmwmmsnumbyhmwwmwmm.
apgeox. TOL

11.05

1625
o2
1710
1930

It was observed that wates ding 1000 mSv laled n pit nmar the bar screen, the crack of about 20 ¢m on the concrets al the
side of the pit, and ‘waber leakage from the pt into the sea Trom the crack

Cement was injocted in a pit adj at the upstr side of the pet concerned.

Tha coment pethon o the pit concanmed was staned

Transfer of pooled water from the hot well (H/W) fo the Condensate Storage Tank (CST) startec
Tha opeeation 10 prevent water kaking from the pa nto the sea was suspended snce the Alarm Pocket Dossanetar (APD) on the workers|
exceoded the alarm set pomt. No signeficant decrease in outflow status = apparent.

1150

1347

1430

This temporary Molar-4nven pumps uSed 10 et wiatss to the reacton wees connecied 10 an permanent power supply. swichng from an
tomgaracy power supply

As a measure 10 stop the leak of accumulated water n a pit near the Inlet Bar Screen. 20 bags of sawdust, 80 bags of polymenc waser
Absorbent, and 3 bags of shredded newspaper were started o be pul 1o the sater

As 2 measure 10 stop the keak of accumutated water in a pd near the inlet Bar Screen, 20 bags of sawdust, 80 bags of polymenc water
absorbent, and 3 bags of sheedded newspaper weee anded 1o be put o the wated
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Unt 3

bators B

1105
1307

Frash coolg water ingction 31k T Spael Fuel Pool vas & Iemporary Molor-driven pamp s8ried
Fravsh coolng water ingection nto the Speat Fuel Pool via a temporary molor-diiven pump endad {about 70 1),

1415

arcund 17 00

A Wracer sokston was injectad through Two holes Which were made by the workers around the pil noar e infet Bar Screen. i was
condrmed that the tracer schuton was cbserved leaking from ?he crack nso the sea

About 1500 L of coaguiant was mjected. As a result, he flow ate of contammnated water cutflow temporanty decreased, bul then went
back to the onginal leval, and remained at that lovel.

13:.15

It was corfirmed that the outfiow of contammated water from the pt crack had stopped.
A rubber board and base jacks were used 10 cover The crack in the pit fom which contaminaled water was Sowing oul

1329

1434

Frash walet inpechion o8o B Spent Fusl Pool va ihe Spant Fusl Toolng Lew using o molor-diven pump started

Frash water ingchon nm T Spent Fusl Fodl va the Spant Fuel Cooling Ling using 2 motor-dnven pump stopped {about 36 1),

%55

1340

The vanster of hald water in the condenser hot well (HIW) %o e Condanaate Siorage Tank was complted

EY

12:38

Frash cooling walar injection ko the Spent Fuol Podl usng a temporary motor-diven pamp staried

Frash cooking warkie ingction nto the Spset Fuel Pool using a tempoeary molor-driven pump stoppsd {about 60 1)

4

17:16
1756
18.04

MMWMHMMMQ.M)lem2m uphed afler an r and the pumps usod

The pramps used lor walst ingction 0 mactors resumed.

Nz

Transéer of pooled waler ¥om the trench to BV started

19:35

1100

1100
13:16

1455
15.02
1704

Instalation of boards {two of e otal of seven steel plates) on the ocean side of the Inlet Bar Screen of Unit 2 was started fo tempararsy
stop water leak; and the wstallation work continued untd 10:00

The transter of the accunwdated water 1 e trench of the lurbine building to the Hot Well of $he Cond was ded to
chock for any leakage. (Amount transterred: about 600 1)

Tramder of pooled watsr Som the trench to HW snded

Frash water ipaction nio e Spent Fusl Podl started v the Speat Fusl Cooling Line using a motor-dnven pump started

Frash watwr inction o the Speet Fuel Pock staded vis e Speel Fusl Coolng Line using & motor-driven pummp ssopped

The vonster of the accumutated water i e trench of the turbine building to the Hot Well of $he Condenser resumed after having
ensured that there was no leakage.
Transfer of the accumedated water i B Fanch of the turbine buliding 1o the Hot Well of the Condanise siopped

instalkation of il lerices in front of the inlel Bar Screans of Units 1 and 2. and 3t $v0 Curtain Wal 10 prevent furihor diffuzion of
comamnated water started.
Instataton of sift fences in font of the Inket Bar Screans of Units 1 and 2, and 3t 8 Curtam Wall to prevent furthir diffusion of
comameated watel sloppad

Asa gaist posubl s, Wanster of the Gstribntion Boaeds 50r the water syecton pamps 10 higher ground started
Asa agarst poasbk . transter of tha boards fof the water £4echon pumps 1o higher ground ended.

1013

Frash warter inpaction nio $he Spent Fusl Pool started va e Spect Fusl Coolng Line usng o temporary molor-driven pumg starked

Frosh water mpechion w0 the Spent Fuel Poct started va the Spent Fuel Coolng Line usng a temporary motor-driven pumo stopped
{Abowr 45 1)

|

=
=
0

12:13
1237

13:42
“n

The work of replacng the hose that had been used for injecting water %o the reacior core wih 3 new one starfed.

The replacement of B Bose that had been ased for mjecing water 10 the reactor core with 3 new one a8 completed The operabon of
A survey by an unmanned robot %o check the conditions in the reactor bulding starled.
A survay by an unmanned robot 10 chack the conditions in the reacior buddng ended

1008
1023

16:08

The Vanslee of contameased waler rom the eech 10 e RaBoacive Wasse Treanient Facity strted

The powet supply renforcement work for Units 1 and 2 1o Units 3 and 4 was compleied
(Both the Tohoku Genshryoku Line and the Okuma Line can be used o sach cther.)

Frash water inechon oo e Spent Fuel Poc! started via the Spant Fuel Coolng Lina usng a temporary molor-dimen pumg starked.

Fuﬁu?:hmmk&-lfmlhdﬂbﬂmh&wlﬁmmmmamymdnmmm
Approx. 50t

1556
1740

Frosh walef inpchion ndo e Spent Fuel Pool staed via e Speet Fusl Coolng Line usng o tamporary motor-diiven pumg starked

Frash watar uyschon 0o e Spent Fuel Podl statad v he Spent Fual Coolng Line using a temporary molor-ditven pumg stoppad
Approx. 50 t
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1425

Unit 2

Snuation before the

1012
"ms
Taas
13
1825

FMM'WMMWFalew via tha Spent Fuel Coolng Line wsing & temporacy motor-drven pump starked

Frash watsr ingecnon into the Spant Fusl Pool staned via the Speet Fusl Coolng Line using a teenporaey mator-drven pump slopped
Approx 381
To reinforcs power supply secatily {connection between Units 1-2 and Units 5-5), e woek 10 shul off tha 6.9V power panel for Units 1

To rainfores power supply y | chion bely Ungs 1-2 and Units 5-6), he werk 10 shut off B 6 58V powaer panet for Units 1

and 2 was stopped.
The power supply for the pumps rgecting wassr into the reactons was restoned 10 the s8atus in which the @xtemal pOwer 0uroe ais used

AL
1128

Frash water inaction into the Spant Fual Fool started via the Spent Fuel Cooling Line using a temporary motor-driven pump staned

Fresh waler ingection into the Spent Fusl Pool starfed via the Spent Fuel Cooling Line using a termporary motor-driven pump siopped
Approx 431

516

The vansfer of accumulated water in the ¥ench of Ta turbne bulding 1o e Radloactive Wast Process Faclity was tempomary
pucdad dus %o Fmp of Bye squipment o transterting and g work.

1405

The ¥ransfer of accumulated water in the ¥ench of e turbne buiding 1o e Process Man Buiding of the Certral Radoactive Waste
Process Faciity had been suspended due © nspection of $ha equi for ferrmg and soring work; but the Sransfor work
aumad UsNG & pump ater the comgiason of Tie INspacton

1335

The work of biocking the trench pit with broken stone and concrete was stared.

1140

153

Fnia-wimmhsmﬁﬁp&lw‘mhSpulFudCooﬁmlmcmnbﬂw:ynmmp:w

Fresh waber ingection into the Spent Fus! Pool starfed via the Spent Fuel Cooling Line using a temporary motor-drven pump slopped
Approa. 551,

The water rye purmp was lemp
nfocting water info the reactor com
Afer the completion of the instalisson of an alams device onto The water Ipscson pump, the waler sechon pump ko the rescior cons
was put back on. and wated INCS0n was carned out

% a fee-engine pump n order 1o install an afarm device onto the pump used for

3

Bl

9.36
116

Frash waler wpschion into e Spant Fusl Pool via the Speat Fusl Coolng Lie using & molor-drven pump stamed
Frash waler igaction into the Spant Fusl Pool via the Spent Fusl Coolng Line using 3 motor-driven pamp stopped Apgreox. 58

BT |72

1602

The vunsfer of acoumulaled water it the Sunch of B b bulding 1o Be Radoactive Wasts Process Fachily had been lemporary
suspended due 10 the work performed on the piping of the reactor feed wator systom for Uret 3

The transfer of accumulated water in the fench of $ie turbine buiding to $ve Radicactive Waste Process Facility had been fempocary
suspendad due %0 the work parformed on the prping of tha reactor feed water system for Und 3. bt tha transfar work resumed

10

501
1309

1445

The ¥ansfer of accamulated water in the ¥anch of tha turbne budding to $e Radoactive Waste Process Faclity was tempotary
suapended.
Frash aater ngection inlo the Spant Fosl Pool staned via the Spent Fusl Coolng Link wsing & mator-diven pump stated

Fresh waler ingection into the Spent Fuel Pool starfed via the Spent Fuel Cooling Line using a motor-dnven pump stopped. Appeox. 56 t

[Ey oar

1555

The pump to inject water nfo the reactor was d to 2 semporary diesel g and water g was camed cut

The pump 1o inject waber inlo the reaclorn was connected 10 30 awxdiary Powes system hing Som temporary disasd ge L and
water mjechon was carmed out

(A7

1520

The vanaler of ccumiulated water in the ¥ench of e furbine Lulding to T Radoactive Wasse Process Fachity had heen fempocary
suspended (due to transfer pping work); Sut the transfer resumed

Pu
5114

"y

Fresh water injection imio the Spent I'uel Foal via the Spent I'uc COOING LNe using 3 fomparary motor-armen pump staned.

Fraowh sater igection inlo he Spant Fusl Pool via the Spent Fust Coolng Line using & Ssmporary motor-detven pump stopped. Approx. 56
1

B
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MPag]

(mm)]

9 5000
A-system reactor pressure (MPag)
8 i F 1 4000
7 1 3000
6 1 2000
5 41 1000
4 10
3 Reactor water level by the reactor fuel range (A)(mm) 1 ~1oo0
2 1 —2000
1 1 -3000
D/W pressure (MPag)
0 ] 1 —-4000
SIC pressure (MPag) B-system reactor pressure (MPag)
-1 -5000
3/11 3/21 3/31 4/10 4/20 4/30 5/10 5/20 5/30 6/9
_u— Reactor water level by __, _ A-system —m— D/W pressure __4— SIC pressure _—a— B-system reactor
the reactor fuel range reactor pressure (MPag) (MPag) pressure (MPag)
(A) (MPag)
cl (m3/h)
500 90
450 1 80
400
1 70
350
1 60
300 RPV support skirt temperature (°C)
1 50
250
1 40
200
1 30
150
Water nozzle 4 20
temperature (°C N il
100 ¥ P =) RPV drain pipe upper temperature (°C)
50 Injection water flow rate (m®/h) [\\’ 110
[ 0
3/11 3/21 3/31 4/10 4/20 4/30 5/10 5/20 5/30 6/9

Fig. IV-5-4 Changes in key parameters [1F-2] (From March 11 to May 31)
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o [MPag) (5000
Reactor water level by the
8 reactor fuel range(A)(mm) 4 4000
- g =
7r & 1 3000
i i 4 A-system reactor pressure (MPag)
6 4 S | 2000
* -
i
&
5T 1000
4 F 0
3 -1000
2 r -2000
&
1 -3000
D/W pressure (MPa
pressure (MP20) o et w e—
ot EEE = 8 — —4000
S/C pressure (MPag) !
-1 . . . . . -5000
3/11 3/12 3/13 3/14 3/15 3/16 3/117
—m— Reactor water level by —a— A-system —m— D/W pressure —a— SIC pressure —a— B-system
the reactor fuel range reactor pressure (MPag) (MPag) reactor pressure
(A)

(cl (m3/h)
500 100
450 1 90
400 1 80
350 70
300 60
250 50

Injection water flow rate (m*/h)
200 1 40
150 1 30
100 1 20
50 1 10
0 - L - L - L 0
3/11 3/12 3/13 3/14 3/15 3/16 3/17

Fig. IV-5-5 Changes in key parameters [1F-2] (From March 11 to March 17)
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0.4 (MPag) tmmd) 000
03 4 1000
02 10
0.1 ; 1 -1000
Reactor water level by the reactor fuel range(A)(mm)
B-system reactor A-system reactor
0 pressure (MPag) pressure (MPag) 1 -2000
SIC pressure (MPag)
01 D/W pressure (MPag) 1 —3000
0.2 + * + + . . . -4000
3/17 3/27 4/6 4/16 4/26 5/6 5/16 5/26 6/5
—a— Reactor water level by —a- A-system reactor —m D/W pressure —&— SIC pressure —a— B-system reactor
the reactor fuel range pressure (MPag) (MPag) (MPag) pressure (MPag)
()]
el (m3/h]
500 100
450 1 90
400 1 80
350 1 70
300 RPV support skirt temperature (°C) 1 60
250 el 1 50
Water nozzle temperature
Q)
200 1 40
150 1 30
100 RPV drain pipe upper temperature (°C) 1 20
50 Injection waterflow rate (m3/h) 1 10
0
3/17 3/27 4/6 4/16 4/26 5/6 5/16 5/26 6/5

Fig. IV-5-6  Changes in key parameters [1F-2] (From March 17 to May 31)
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