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1. Introduction

Fukushima Daiichi Nuclear Power Station sustained damage from the Tohoku—Chihou-Taiheiyo-
Oki Earthquake occurred at 14:46 on March 11, 2011. Regarding the data which show the status
of each Unit of Fukushima Daiichi Nuclear Power Station before and after the occurrence of the
earthquake disaster, in response to the instruction from Nuclear and Industrial Safety
Agency(NISA) of Ministry of Economy, Trade and Industry pursuant to Article 67, paragraph 1 of
the Act on Regulation of Nuclear Source Materials, Nuclear Fuel Materials and Reactors”, TEPCO
submitted the report regarding operations data and the accident record of reactor facilities to the
NISA on May 16, 2011

With regards to the accident at Fukushima Daiichi Nuclear Power Station, TEPCO was ordered by
NISA on May 16, 2011 to analyze the submitted records before and after the occurrence of the
earthquake and to evaluate the impact on safety of reactor facilities based on the results of the
analysis in order to take appropriate emergency measures in the future.

This report contains the analysis of the records before and after the occurrence of the earthquake
and the summary of the impact on the safety of the reactor facilities in response to NISA's
instruction. In this report, TEPCO estimated the status of Units 1 to 3 of Fukushima Daiichi Nuclear
Power Station applying the accident analysis code considering the operations record of
Fukushima Daiichi Nuclear Power Station submitted on May 16, 2011 and the accident record data.



2. Overview of data analysis of Unit 1

(1) Plant data

Plant behavior represented by using data collected from Unit 1 is shown as follows.

The chart of Unit 1 recorded data when the earthquake and tsunami attacked. However, due to the
loss of power sources and signals caused by the effects of inundation by tsunami, the chart
stopped after a certain period of time. The annunciator output data for about 10 minutes after the
occurrence of scram. However, it stopped printing by some reasons. Since it didn't have any data
storage function, the data after that were lost. Regarding the operation log which is the record by
the operators on duty the records before the earthquake are kept, however, as for the records after
the earthquake they could only record some items in the operation log afterwards by transferring
items written in the whiteboard, because the plant accident hadn’t settled yet at all thus they had to
tackle the accident under severe conditions. The transient phenomenon recorder of Unit 1 which
was activated by the increased vibration of the upper part of re-circulation pump due to the
earthquake recorded data in about 30 minutes.

(2) Plant behavior
Before the occurrence of the earthquake at 14:46 on March 11, 2011, Unit 1 had been
operated in the rated electric output and the data indicated it was under normal conditions.
According to Shift Supervisor Task Handover Journal, the supervisor confirmed that the
water level at the spent fuel pool was full (near overflow line) and the temperature of the
pool was 25 , i.e. under normal conditions. (Attachment 1-1 to 1-5)
Unit 1 scrammed by the earthquake at 14:46 on the same day.
All control rods were inserted at 14:47 on the same day.
Immediately after the scram, Average Power Range Monitor (APRM) indicated sudden
decrease. It means that the output surely decreased with normal operation.
(Attachment 1-6 to 1-8)

Transition of water level in the reactor indicated the decrease of water level by crashing
void immediately after the scram. However, the water level was recovered and maintained
within the normal level range without reaching automatic starting level (L-L) of the
Emergency Core Cooling System.
The pressure of the reactor was also reduced after the scram. However, since the main
steam isolation valve was closed on 14:47 on the same day, the pressure increased.

(Attachment 1-9 to 1-11)
In the record of the annunciator, the isolation signals indicated a rapture of main steam
pipeline were printed out before and after the close of main steam isolation valves.
However, the data collected from the transient phenomenon recorder showed that the
main steam flow was zero (0) as a result of the closure of the main steam isolation valve,
and did not indicate any increase of steam flow caused by the rapture of pipeline in the
process. From abovementioned data and phenomena, it is estimated that the incorrect
alarm regarding the rapture of main steam pipeline was made by closing signal according
to the fail safe system caused by loss of external power sources for indicators by the
earthquake. (Attachment 1-12 to 1-13)
On 14:52 on the same day, the Isolation Condensers were automatically opened due to
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the high reactor pressure (which means isolation valves of return pipeline, MO-3A and
MO-3B, were opened) thus the steam in the reactor was cooled and the pressure in the
reactor was decreased. On about 15:03 on the same day, about 10 minutes after the
automatic opening, the Isolation Condensers were closed and then pressure in the reactor
was increased again. The operation of the Isolation Condensers during these 10 minutes
was recorded on the transient phenomenon recorder and the annunciator.
According to the operation manual of Isolation Condensors, the temperature drop rate of
reactor pressure vessel (RPV) shall be adjusted below 55 /h. Therefore, the manual
operation of the Isolation Condensers is considered to be reasonable since it was
observed sharp temperature drop in the RPV when the Isolation Condensers operated.

(Attachment 1-11, 1-13 and 1-14)
Meanwhile, external power sources were lost due the earthquake, 2 emergency diesel
generators started at around 14:47 on the same day. By these units, voltage was kept at
normal level. It is estimated that necessary power was secured.

(Attachment 1-15)

The reactor pressure was controlled within 6 to 7 MPa even after 15:00 on the same day at
least until about 15:30 when the chart stopped functioning and no symptom indicating
such rupture of steam pipeline was observed. The reason for pressure fluctuation is
assumed to be the re-open of the Isolation Condensers and/or the work of main steam
ventilation safety valve. The return water cooled by the Isolation Condensers are designed
to be flowed into Primary Loop Recirculation System pipeline (B). Therefore, when the
Isolation Condensers operated, the temperature of the Reactor Recirculation Pump inlet is
to be decreased. Indeed, at the first automatic open of the Isolation Condensers, the
indicated water temperature of the Reactor Recirculation Pump inlet was decreased. In
accordance with the period of reactor pressure fluctuation observed after 15:00, the
temperature of the Reactor Recirculation Pump inlet B line was decreased although the
extent of temperature decreased was small, which indicated that it was highly likely that
cooling water was flowed into Primary Loop Recirculation System through the Isolation
Condensers. (Attachment 1-10 to1-11)
The knee point of the differential pressure was observed in the Suppression Chamber
(differential pressure between the Primary Containment Vessel(PCV) and the Suppression
Chamber), where it is the discharge place of steam from the main steam safety relief valve.
Before the knee point appeared, the increase of the differential pressure at the
Suppression Chamber would result from the pressure increase at PCV in accordance with
the temperature increase at PCV. After the knee point, the increase of the differential
pressure would result from further pressure drop at the Suppression Chamber with cooling
of the Suppression Chamber by PCV spray line. (Attachment 1-16 and 1-17)
Other operations regarding the Isolation Condensers were manually opening the isolation
valve of supply line to the Isolation Condenser (A), MO-3A, and the isolation valve of
return line, MO-3A, after tsunami attacked at 18:18 on March 11" in order to check the
steam generated, and closing the isolation valve, MO-3A, at 18:25 on the same day, which
were recorded on the whiteboard in the main control room. In addition, it was also
recorded on the whiteboard that MO-3A was again operated to open at 21:30 on the same
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day in order to confirm whether the steam was generated.
After the reactor scram, temperature change of dry well cooler for the PCV until power
sources for indicators stopped has a trend that the increase was moderate and saturated
within several tens of degree. At that time, any sudden change of temperature indicating
rapture of pipeline, etc. was not recognized in the PCV. (Attachment 1-18)
Regarding Emergency Core Cooling System (ECCS), pumps of PCV spray system were
operated to cool the suppression chamber of PCV from 15:07 to 15:10 on March 11. No
records which shows the operation of other pumps (high pressure water injection pumps
and core spray pumps) were found (including manual operation) during the period after the
earthquake until the loss of all alternative power sources, because the water level of the
reactor did not draw down below the level ECCS would be the automatically activated.
After the earthquake, the external power sources were lost and then Fuel Pool Cooling
and Filtering System were stopped, however, emergency diesel generators were started.
Cooling the pool using the shutdown cooling system pumps whose power is supplied from
emergency diesel generators was not conducted before the arrival of tsunami, since it was
confirmed that the water level of the spent fuel pool was full before the earthquake (around
overflow level) and that the water temperature of the spent fuel pool was around 25
therefore it did not seem to be an obstacle for the immediate cooling of the fuel.

(Attachment 1-19)
Shift Supervisor Task Handover Journal states that all alternative power sources were lost
at 15:37.
After the loss of all alternative power sources, it is assumed that PCV spray pumps of
ECCS and core spray pumps did not work due to the loss of power. In addition, according
to the contents written on the whiteboard in the main control room, it was confirmed that
the direct current 125V panel was flooded at around 20:00 on March 11. It is considered
that high pressure water injection system did not work due to the loss of power. Since then
fresh water injection was started by using fire pumps from 5:46 on March 12.

(Annex-2)

Radiation monitoring at the exhaust stack indicated at stable values until the end of its
recording even though there was some noise after the reactor scram. Abnormal situation
was not recognized. (Attachment 1-20)

(3) Consideration of the Isolated Condensers
The Isolation Condensers automatically opened were estimated to be manually closed
seeing that the transient phenomenon recorder showed the difference of shut down time
for return pipeline valve, MO-3A and MO-3B.
The operation manual of the Isolation Condensers requests to adjust the temperature drop
rate of reactor pressure vessel below 55 /h. When the Isolation Condensers operated
this time, the temperature data at reactor recirculation pump inlet indicated that the
temperature drop rate was more than 100 /h in a short period, with pressure drop of the
reactor, it was considered that operator(s) closed the Isolation Condensers manually due
to such sudden temperature drop.
It was previously stated that there were is a possibility that the operator(s) operated the
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Isolation Condensers after the Isolation Condensers were closed at 15:03, until about
15:30, during which the data were recorded. Based on the temperature at the reactor
re-circulation pump inlet and pressure at the reactor recorded on the chart, the
temperature change and pressure change were carefully controlled, compared with the big
change of temperature and pressure caused by automatic open of the two Isolation
Condensers. It was considered that pressure was controlled by manual operation of one
Isolation Condenser in line with the manual operation procedure.

According to the description on the whiteboard, opening the valve of isolation supply line,
MO-2A, of the Isolation Condenser at 18:18 on March 11 was recorded, while closing the
MO-2A valve is not implemented under the normal operation. In this point, it was assumed
that the tsunami attached between the time when operator manually stopped the Isolation
Condenser and the time when operator activated it (at 18:18), and then the direct current
power source used to detect “the rapture of the Isolation Condenser pipe,” was lost.
Consequently, it was assumed the signal of “the rapture of the Isolation Condenser pipe”
was transmitted as a fail-safe function therefore the isolation valves of the Isolation
Condensers, including MO-2A valve, were automatically closed.

While examining the possibility that the signal of “the rapture of the Isolation Condenser
pipe” was transmitted and then the isolation valves were closed, the examination report
was issued on the status of open/close condition of the isolation MO-2B valve of the
Isolation Condenser, which operator didn’t operate. (conducted on April 1, 2011) According
to the result of the report, it was confirmed that it was highly likely that the valves were fully
closed. Likewise, it was confirmed that it was highly likely MO-2A valve and MO-3A valve
were fully opened, which was consistent with the operation record on the whiteboard.
According to the note on the whiteboard, the generation of steam was confirmed when
operators opened the valve of the Isolation Condensers. Meanwhile, in the case that
signal of “the rapture of the Isolation Condenser pipe” is transmitted, four isolation valves
(MO-1A, MO-1B, MO-4A, MO-4B) installed inside the PCV Isolation Valves are designed
to be fully closed if the driving power source remained. Further, as the result of the
examination report on the status of open/close condition of the isolation valves, it indicated
that the isolation valves were partially open; however, the opening degree of each valve
was not clear. Therefore, at this stage, it is impossible to conclude how much extent the
Isolation Condensers were functioned.

In order to obtain more precise information, the visual inspections of each isolation valve,
especially of accessible outside isolation valves, are scheduled to be implemented if
possible.

*1) Time was determined based on the note on the whiteboard in the Central Control
Room. However, it was ambiguous since two different times were stated in the note on
the whiteboard; 18:10 (7. “Summary report on various operation records” submitted on
May 16, 2011) and 18:18. As the result of the analysis and the evaluation, the operation
time was determined as 18:18.
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Form-1

[Fukushima Daiichi Nuclear Power Plant Unit 1 and 2|

Attachment-1-1

NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal

October 1, 2008 (11)

Shift Supervisor Task Handover Journal 1/3

Shift Supervisor Task Handover Journal

Red colored is tentative data

[confirmed by  Chief

engineer of reactors

March 11, 2011, Friday, 8:30, Shift 2, Group E

confirmed by

Supervisor of next shift

made and approved

by
Shift supervisor

ond No. of
n dut
y organizati Off duty Support duty
11 operator
) on
- instructor
1 trainee 172 Replacement Refer to attachment
Unit1l | Generator A60MW, Reactor start up hot shutdown cold shutdown fuel exchange
e
Output Status
Unit 2 | Generator ZBOMW. Reactor start up hot shutdown cold shutdown fuel exchange
e
Output Status

Notes

Unit 1

1. Operation Status

(1) Generator output 460MWe in operation

(2) M.COND B/W

04:04~04:51

2. Compliance status of safety regulation

Not particular

3. Periodic test

None

4. Requested work, non compliance event

None

5. Status of waste treatment facility

None
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Form-1

[Fukushima Daiichi Nuclear Power Plant Unit 1 and 2|

NM-51-4 1F-F1-001

Maijor Test ltems

Attachment-1-5

Manual of writing a Task Handover Journal

October 1, 2008 (11)

March 11, 2011, Friday, Shift 2, Shift Supervisor Task Handover Journal 3/3

Test Items Test Frequency Unit 1 Unit 2 Notes
Core Minimum Fraction of limiting
1 Critical Power ratio 1/ shift 0.85 0.90
(CMFCP)

Core Maximum Fraction of

2 Limiting Power Density 1/ shift 0.81 0.76
(CMFLPD)
3 Reactor lowest water level 1/ shift 925 mm 1130 mm
Spent fuel pool
4 . 1/ shift 25 26
highest temperature
5 Spent fuel pool 1/ shift Around overflow | Around overflow
water level status sh! water level water level
) at the time of

Reactor coolant maximum o
6 activation and — hr — hr

temperature change rate

shutdown
At the time of
pressure

7 RPV lowest temperature — —

resistance test of
RPV

(Form for Unit 1, 2 and 5,6)

Units in recording papers can be changed.

1F-1-10



Form-1

Attachment-1-6

NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal

[Fukushima Daiichi Nuclear Power Plant Unit 1 and 2|

Shift Supervisor Task Handover Journal

Red colored is tentative data

October 1, 2008 (11)

Shift Supervisor Task Handover Journal 1/4

[confirmed by  Chief
engineer of reactors

March 11, 2011, Friday, 21:00, Shift 1, Group A

confirmed by

Supervisor of next shift

made and approved

by
Shift supervisor

ond No. of
n dut
y organizati Off duty Support duty
12 operator
) on
- instructor
1 trainee 172 Replacement Refer to attachment
. Generator Reactor in operation startup |hot shutdown| cold shutdown fuel exchange
Unit 1 OMWe
Output Status
. Generator Reactor in operation startup |hot shutdown| cold shutdown fuel exchange
Unit 2 OMWe
Output Status
Notes
Unit 1

1. Operation Status

(1) Reactor is shutdown

14:46|

| (2) Alarm “SEISMIC TRIP”

(3) Reactor automatic scram, main turbine automatic shutdown (occurrence of the earthquake offshore of Miyagi pref.)

14:46
(4) Status of reactor “operation” to “hot shutdown” 14:47
[ (5) Insertion of all control rods 14:47|
(6) Complete closure of MSIV 14:47
(7) D/IG 1A/1B automatic start up/ 1B trip 14:47/15:37
| (8) Reactor mode switch “operation” to “shutdown” 14:52 |
(9) Reactor in subcriticality 15:02
(10) Torus cooling (A system) in / (B system) in 15:07/15:10
15:37

(11) Loss of All A/C power

1F-1-11
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Printed out main alarm typer of Unit 1 (extract)

O1 5 T7I—LF A" —FZITHHL (GE)

H MIN SEC MSEC PID  ABBREVIATION STATUS Automatic scram due to the earthquake
14 46 46 400 D564* SEISMIC TRIP C TRIP
e =N 10) D534 REACTOR SCRM A TRIP _
14 46 58 420 D563 SEISMIC TRIP B TRIP HWRICLLHENRA Y T L
14 46 58 430 D535  REACTOR SCRM B TRIP
1446 A538 RBM BYPS ON
1446 B500 CONT ROD DRFT ALRM ON
14 47 00 020 D562 SEISMIC TRIP A TRIP
14 47 00 030 D565  SEISMIC TRIP D TRIP

1447 CO020 SUPFRESSION LEVL -40.8< -20.0 MM

1447 A523 APRM~ DOWIN- SCAL RBE— Complete insertion of all control rods

1447 A539 RWM ROD BLOK ON »
1447 .A.55§ ALL CR FULLDIN ON » | AR A
1447 GOO2 GENERATR VOLT 18.66> 18.50 KV
1447 CODO CONT ROD SYST FLOW  OVR FLW
1447 €020 SUPPRESSION LEVL 16.0 MM NORMAL RETURN
14 47 09 140 D520 REAC WIR LEVL A LOW
1447 CO04 REACTOR WATR LEVL 516< 800 MM
14 47 09 150 D521 REAC WIR LEVL B LOW
1447 EOO4 SWCHGEAR BUS 1A 7217> 7200 V
14 47 10 910 D523 REAC WIR LEVL D LOW
1447 CO020 SUPPRESSION LEVL 21.6> 20.0 MM
14 47 10 910 D522 REAC WIR LEVL C LOW
1447 A549 LOW POWR ALRM POINT UNDER
14 47 20 620 D522 REAC WIR LEVL C NORM
1447 D622 PCIS ISO IN TRIP ON
14 47 20 620 D523 REAC WIR LEVL D NORM

1F-1-12
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Complete insertion of all control rods
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[15& I RM. APRM]

| | -
ERURNASAUNNAREH AWRERELEE |
{4 bt | | =
=
....... ] :4”“|_ | u
-
: | :
! L -
% | | @
18 |4 | 20 32 40 |
i jion |
| 1
| | 1T | e
|
| .
L |
| li -
. | T m
. | -
i zean.  EIER 3118 (SRR 'l ;.;'....;__;’,.i;.,;;:,’...-.. ot 52 8 2 E,
(] R RN % -
| | : 5-
ll | | i |
[T RLPE0G | ' : . B
ﬁ__“nﬁ__ | 50 12:@ ERENEL LARRENAL]
B ' L

NR—750—-10A

No. ||l IRMCHI11 or APRM CHI1
No.2|HM| IRMCH12 or APRM CH2

D 148464 HBICLAZAIZTLERTTAZLELHEINET
©® EHHAHEEET=% (APRM) L LTOXF T Ar—)LLhlfEkte=4% (I RM)

N
% 1 5RF3 0 NBEICHIEAEDE Li- L ME SIS, BIEOREIC L L Bbh bk
®T,

[0 14:46 Scram due to the earthquake and the output decrease due to the scram
[0 Below detectable level by Average Power Output Region Monitor (APRM), and
[J switch to Interrevel Region Monitor (IRM)

*|t is estimated that the tsunami arrived past 15:30. Recording was finished

presumably due to the tsunami.
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①14:46 Scram due to the earthquake and the output decrease due to the scram
② Below detectable level by Average Power Output Region Monitor (APRM), and 
　switch to Interrevel Region Monitor (IRM)
*It is estimated that the tsunami arrived past 15:30. Recording was finished 
 presumably due to the tsunami.
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UNIT1 REACTOR LEVEL
(15 REFIFEKE)

|TJ\',':J | ] ] 'I I &
-';_T_..'._%f}r._{:'_.-_,_i .,__._,____-_ﬂ_.__,b,___y o : -
AUARARUANE LAdEh R ARARnaRy ,
B ! | I | . | l[ Wi | | %)
| | ; |
[ | L I =
! Tt ___5. L2
! it -
| | [
] | 14
'] 1 i .....;..,;AI. =1 @
S i 1] .H an
- |
. | ;
B HE l' LRLE AL LS | .
| | L emilL ©)
@ R S E ST b
[ | [ % .-
| .
l:1 | 1a -
. | =
L e ~ =5
" | =
32—t 5T dem e 1
[ | |

i B PA (GREEN)REACTOR LEVEL
Fr B UP KA (¥A% 1) (RED) REACTOR LEVEL (FUEL AREA)

145465y HUBICE DA77 T 5 (Fr— FRZEY 6 OfFOHE, 1 KH1757)
ZD&HI Y THNERER, EAKREERN (ERELATTYy—FREV V&Y 1)
I K ER B B B

e AR BROEEIC L 5 & B D KA ZEE)

CHCHECNGS)

[0 14:46 Scram due to the earthquake (Fast feed of chart: 60 times ,1hour = 1min)
O Offsite power lost at around this time, main steam isolation valve closed

[ (fast feed of chart reset due to the power loss)

0 Automatic start of isolation condenser
[0 Change in the water level presumably due to the operation of isolation condenser
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(RED) REACTOR LEVEL (FUEL AREA)
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① 14:46 Scram due to the earthquake (Fast feed of chart: 60 times ,1hour = 1min)　
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② Offsite power lost at around this time, main steam isolation valve closed 
　(fast feed of chart reset due to the power loss)
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③ Automatic start of  isolation condenser
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④ Change in the water level presumably due to the operation of isolation condenser 
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UNIT1 REACTOR PRESS
(15 EFIFEA]
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©  FAKREBERPALLIZE S £ EA-
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@ FEE MEAREGE LIPS B B5A-
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X 153 0BT ICHE N EDR L LIAES LD, HEOREICL D L b 25

T,
0 14:46 Scram due to the earthquake
O Pressure increase due to the closure of main steam isolation valve
0 14:52 the operation of isolation condenser and the subsequent pressure decrease
O Pressure increase due to the stop of isolation condenser
O Changes in the pressure presumably due to isolation condenser
*|t is estimated that the tsunami arrived past 15:3%£i€?[rging was finished presumably due to the tsunami.
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①  14:46 Scram due to the earthquake
②  Pressure increase due to the closure of main steam isolation valve
③  14:52 the operation of isolation condenser and the subsequent pressure decrease
④  Pressure increase due to the stop of isolation condenser
⑤  Changes in the pressure presumably due to isolation condenser
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*It is estimated that the tsunami arrived past 15:30. Recording was finished presumably due to the tsunami.

t1166164
タイプライターテキスト

t1166164
タイプライターテキスト

t1166164
タイプライターテキスト

t1166164
タイプライターテキスト

t1166164
タイプライターテキスト

t1166164
タイプライターテキスト


RER—1—11

000 PUMP INLET TEMP
[1E5 PLRARVIAOERE]
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No. | | | B#JFB{BIRR > T (A) LG J& REACTOR RECIRCULATION H

No. 2 | NI Lﬁ%ﬁ?ﬁﬁﬁ‘l’/?(B)AD@E REACTOR RECIRCULATION

DO 148464 HEBIZXLIDATZ T A

UMP A INLET TEMP
UMP B INLET TEMP

@ A7 TN EDHINET, HEFRAEKGIEENC L 2B0E., ARIEKREAC L DEEET

@ HAEEE) L7225 MEKEG O 1L

O O Automatic scram due to the earthquake

O O Output decrease due to scram, pressure decrease due to the operation of isolation condenser,

O O temperature decrease due to the injection of low-temperature water[

O O Stop of isolation condenser which had started automatically
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REACTOR RECIRCULATION PUMP B  INLET TEMP
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①　Automatic scram due to the earthquake
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②　Output decrease due to scram, pressure decrease due to the operation of isolation condenser, 
　　temperature decrease due to the injection of low-temperature water　
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③　Stop of isolation condenser which had started automatically　


AHEH—-—1—12

1447 FOS5 SWP DISCHG HOR PRES [LOW RSN
14 47 B0 930 D520 REAC WIR LEVL A LOW \
1447 BOOB H2Z IN FLOW LW RSN
14 47 50 930 DSOS MAIN STM VALV A CLOSE
1447 BODS 02 IN FLOW LOW RSK
14 47 50 930 D522 REAC WIR LEVL C LOW
1447 BOO1 OG RECOM OUT 02 DENS [OW RSN
14 47 B0 930 DE0E MAIN STM TEMF HIGH C HIGH
1447 ADSS HOTHELL MMAD A LW RSH
is 47 50 930 DA30 HEUT MM SYST C THIP
1447 CO030 D/W PRES [W/R) LW RSN
14 47 60 S30 D526 5™ LINE FA C HIGH
1447 FOO1 CLEANJP OUTL A LOW RSN
14 47 S50 930  DSI0  MATN STM VALV C CLOSE
1447 CO0O156 SUPPRESSION PHES Lk RSN
i4 47 S0 930 DSI7 MANUAL SCRM A TRIP
1447 COET7 KX WIR LVL (F/R) A LOW RSN N .
14 47 S0 930 D604 CONDENSR VAC A LW EARL EEESEA
1447 BO22 STACK RAD MONT H/R 0.47> -1.90 MS/H
1447 AS04 MAIN STM LEAK A HIGH
14 47 S§1 720 D828 MNEUT MON SYST B TRIE Closure of MSIV
1447 AS02 MAIN STM FLOW C HIGH
14 47 51 720 D525 STM LINE RAD B HIGH
1447 A506 MAIN STM LEAK C HIGH
14 47 S1 720 DS33 MANUAL SCRM B TRIF
1447 AS25 APRM ™HoP TREL
14 47 51 720 D511 MAIN STM VALV D CLOSE
1447 AS26 APRM FLOW BIAS INOP THEL e
1la '
1447 A529 REM TNOP THEL
14 47 51 790  DS5OT STM LINE RAD D HIGH /
1447 AR4O APREM FLOW BRTAS OMPR TRAL:

(FEFD) FAKIRBEFRPAICHT: L OB S OSHEREFE S/ THHENTW L2, 2

FUTHIEE IS & AN EIRER DMBIZ L > TN HEH~DOEBEN LN Z &b, 7
T BT TCREEENRELIZLDEE I OND, FARKIREESR M L OWmFE T
BOWRE, BEOKMEITIR LN THR,

(Note) At around the closure of main steam isolation valve, abnormal nuclide signals showing the
detection of ruptured pipes are printed out. We estimate that these are fail-safe abnormal signals
transmitted due to the loss of power for indicators resulting from the loss of offsite power after
the earthquake. There is no sign of abnormality such as the increase of steam flow rate in the

process of closing main steam isolation valve.
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Closure of MSIV
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(Note) At around the closure of main steam isolation valve, abnormal nuclide signals showing the 
detection of ruptured pipes are printed out. We estimate that these are fail-safe abnormal signals 
transmitted due to the loss of power for indicators resulting from the loss of offsite power after 
the earthquake. There is no sign of abnormality such as the increase of steam flow rate in the 
process of closing main steam isolation valve.
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NS A=A

" &

digital

digital

digital

digital

MSIVPRZE1A_90%FA

1.000 digital

14:42:03

14:45:33
NS IV F1B_90%E

14:59:32 15:03:02

1.000 digital

15:17:02

-2
14:42:03

14:45:33
MSIVPR 3 10_90%5

14:59:32 15:03.02
1. 000 digital

15:17:02

14:42:03

14:45:33
MS IV F10_90%EA

14:59:32 15:03:02
1. 000 digital

15:17:02

14:49:03

14:52:33 14:56:03

FERKIREFEASE Closure of MSIV

14:59:32 15:03.02 15:06:32 15:10:02 15:13:32

15:17:02

TATRE ST (RED L. B
fHLTWS,

Main steam isolation

valve (inside) is closed.

Cl— |l —fkELI¥

FFIFRERRL J(A) LIRS EE 45 BERR BHREE B BN

Recording of transient phenomena recorder is automatically started by vibration
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The pressure in the reactor was decreased immediately after the scram and then increased due to the closure of main steam isolation valve

and decay heat thereafter. At around 14:52, the pressure was decreased due to the start of isolation condenser, and was increased due to
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0 O 14:46 Scram due to the earthquake
O O Increase of the differential pressure due to the pressure increase in Primary Containment Vessel

O O Pressure increase in Primary Containment Vessel due to the stop of the air conditioner in Primary

OO Containment Vessel(
O O Pressure decrease in suppression chamber due to the cooling of suppression chamber (it means

O O further pressure increase) = knee point
*|t is estimated that the tsunami arrived past 15:30.
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due to the effect of tsunami.
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Just after 15:30, recorder suspended due to recorder's power outage by tsunami arrival. March 24, recording

resumed with recorder's power souce recovery.
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3. Overview of Data Analysis of Unit 2

(1) Plant Data

Plant behavior represented by data collected from Unit 2 is shown as follows.

The chart of Unit 2 recorded data when the earthquake and tsunami attacked. However, due to the
loss of power sources and signals caused by the effects of inundation by tsunami, the chart
stopped after a certain period of time. The annunciator output data for about 2 minutes after the
occurrence of scram. However, it stopped printing by some reasons. Therefore, annunciator’s
record was recovere based on data collected from the hard disk. Regarding the operation log
which is the record by the operators on duty the records before the earthquake are kept, however,
as for the records after the earthquake they could only record some items in the operation log
afterwards by transferring items written in the whiteboard, because the plant accident hadn't
settled yet at all thus they had to tackle the accident under severe conditions. The transient
phenomenon recorder of Unit 2 was activated by the increased vibration of the upper part of
re-circulating pump due to the earthquake (like Unit 1) and recorded data in about 30 minutes.
After that, the recorder worked again about 30 minutes after detecting the vibration of the upper
part of re-circulating pump presumably due the afterquake. The recorder collected data for about
one hour including the time of tsunami attack.

(2) Plant Behavior
Before the occurrence of the earthquake at 14:46 on March 11, 2011, Unit 1 had been
operated in the rated heat output and the data indicated it was under normal conditions.
According to Shift Supervisor Task Handover Journal, the supervisor confirmed that the
water level of the spent fuel pool was full (near overflow line) and the temperature of the
pool was 26 , i.e. under normal conditions. (Attachment-2-1  4)
Unit 2 scrammed by the earthquake, at 14:47 on the same day.
All control rods were inserted at 14:47 on the same day.
Immediately after the scram, Average Power Range Monitor (APRM) indicated sudden
decrease. It means that the output surely decreased with a normal operation.
(Attachement-2-5 7)
Transition of water level in the reactor indicated slight decrease of water level by crashing
void immediately after the scram. However, the water level was recovered and maintained
within the normal level range without reaching automatic starting level of ECCS (L-1
regarding core spray system and the residual heat removal system (RHR), L-2 regarding
high pressure water injection system).
The pressure of the reactor was also reduced after the scram. However, since the main
steam isolation valve was closed on 14:47 on the same day, the pressure increased.
In response to the increase of pressure of reactor, the main steam safety relief valves have
worked and stably controlled the pressure. (Attachment-2-8 9)
In the record of the annunciator, the isolation signals indicated a rapture of main steam
pipeline were printed out before and after the close of main steam isolation valves.
However, the data collected from the transient phenomenon recorder showed that the
main steam flow was zero (0) as a result of the closure of the main steam isolation valve,
and did not indicate any increase of steam flow caused by the rapture of pipeline in the
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process. From abovementioned data and phenomena, it is estimated that the incorrect
alarm regarding the rapture of main steam pipeline was made by closing signal according
to the fail safe system caused by loss of external power sources for indicators by the
earthquake. (Attachment-2-10 11)
At 14:50 on the same day, in accordance with the response manual in case of reactor
isolation (close of main steam isolation valve) due to the loss of external power source,
Reactor Core Isolation Cooling System (RCIC) was manually started. However, RCIC
automatically stopped due to the high water level at 14:51 amid the transient water
fluctuation affected by the scram and the close of main steam isolation valve. After the
stop of RCIC the water level dropped. At 15:02, RCIC was manually started. By the
operation of RCIC, the water level in the reactor increased and automatically stopped due
to the high water level at 15:28. This led to the drop of the water level and then RCIC was
manually started at 15:39. Those start and stop processes were recorded in the alarm’s
record worked by the earthquake and the process calculation data, etc.
(Attachement-2-12 13)
According to plant related parameters, from 22:00 on March 11 to around 12:00 on March
14, the water level (fuel range) in the reactor stably maintained the enough water level
(above +3000mm) for the top of active fuel. At 2:55 on March 12, it was confirmed by
observation of supply pressure on site that RCIC had worked. From 4:20 to 5:00, because
the water level of condensate storage tank decreased and in order to suppress the water
level in suppression chamber of PCV, water resource of RCIC was changed from the
condensate storage tank to the suppression chamber. It was assumed that other water
injection systems were not operated and RCIC continued to work and keep the water level
in the reactor by around 12:00 on March 14. After that, since it was confirmed that the
water level in the reactor dropped, it was judged that there was a possibility to lose the
function of RCIC. At 19:54 on the same day, seawater injection started from fire protection
system. (Attachement-2-14)
As previously mentioned, since soon after the reactor scram, main steam isolation valve
was closed thus the reactor was isolated, RCIC which was driven by steam from reactor,
was used for water injection into the reactor in the early time after the earthquake. After the
transient water fluctuation at the time of the scram, the water level in the reactor was
controlled through operation of RCIC. It is assumed that the water level in the reactor
continued to have enough for the top of active fuel during operation of RCIC (it was judged
that the function was lost at 13:25, March 14).
Besides, in the case that the reactor pressure increased by decay heat, the reactor
pressure was controlled by opening and closing of main steam safety relief valve in order
avoid too much increase of pressure.
It is stipulated in the safety regulation that the change rate of the water temperature in the
reactor (temperature at PLR pump inlet) should be under 55 /h in order to avoid sudden
change of temperature. As the chart indicated, the water temperature in the reactor had
been stable within several tens of degree in an hour until stop of recording by the tsunami
after the earthquake. (Attachement-2-15)
Meanwhile, external power sources were lost due the earthquake, 2 emergency diesel
1F-2-2



generators started at around 14:47 on the same day. By these units, voltage was kept at
normal level. It is estimated that necessary power was secured. (Attachement-2-16)
By RCIC and main steam safety relief valves, the temperature in the suppression chamber
of PCV increased. Therefore, pumps of RHR were started sequentially from 15:00 to 15:07
on the same day to cool the water in the suppression chamber. The water temperature in
the suppression chamber turned upward from 15:30. Seeing that the pumps of generator
system stopped one after another at around 15:36, it is assumed that the function was lost
by the tsunami arrived around this time. (Attachement-2-17)
At the same time, two emergency diesel generators for the power of Unit 2 also stopped. It
is assumed that the stop was affected by the tsunami. (Attachement-2-18)
After the reactor scram, temperature change of cooling system for the primary
containment vessel until power sources for indicators stopped has a trend that the
increase was moderate and saturated within several tens of degree. At that time, any
sudden change of temperature caused by rupture of pipeline, etc. was not recognized in
the primary containment vessel. In addition, the reactor pressure was controlled by safety
relief valves, etc. and kept at around 7 Mpa. It is assumed that there was no rupture.
(Attachement-2-8, 9. 19)
Regarding ECCS, pumps of RHR were operated to cool the suppression chamber of PCV
from 15:00 to 15:07 on March 11. No records which shows the operation of other pumps
(high pressure water injection pumps and core spray pumps) were found (including
manual operation) during the period after the earthquake until the loss of all alternative
power sources, because the water level of the reactor did not draw down below the level
ECCS would be the automatically activated. After the earthquake, the external power
sources were lost and then Fuel Pool Cooling and Filtering System were stopped,
however, emergency diesel generators were started. Cooling the pool using the pumps of
RHR whose power is supplied from emergency diesel generators was not conducted
before the arrival of tsunami, since it was confirmed that the water level of the spent fuel
pool was full before the earthquake (around overflow level) and that the water temperature
of the spent fuel pool was around 26 , therefore it did not seem to be an obstacle for the
immediate cooling of the fuel.
Shift Supervisor Task Handover Journal states that all alternative power sources were lost
at 15:41.
After the loss of all alternative power sources, it is assumed that pumps of RHR of ECCS,
and core spray pumps did not work due to the loss of power. In addition, according to
contents written on the whiteboard in the main control room, earth connection occurred in
direct current 125 V A system and B system at 15:31 on May 11. It is assumed that high
pressure water injection system did not work due to the loss of power affected by the
tsunami. (Annex-2)
Unit 1 and Unit 2 use an exhaust stack in common. As described in the analysis of Unit 1,
radiation monitoring at the stack indicated at stable values until the end of its recording
even though there was some noise after the reactor scram. Abnormal situation was not
recognized.
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Attachment-2-1
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-1
[Fukushima Daiichi Nuclear Power Plant Unit 1 and 2|

March 11, 2011, Friday, Shift 2, Shift Supervisor Task Handover Journal 2/3

Unit 2
1. Operation Status

(1) Reactor rated thermal output in steady operation
(2)Output adjustment PLR (A/B) 81.5  |81.4% 04:03
(3)M.COND B/W 05:02~05:54

2. Compliance status of safety regulation

| Not particular |

3. Periodic test

None

4. Requested work, non compliance event

| None |

5. Status of waste treatment facility

None

6. Others (Common)

None
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REO{ S a—HT—45ERAE T—ARIRESE  [EFREHEHAMW) [[EFFAPRMER %) [RFFHREHAMW) [BEFREEKEE A MW)
1F 2 2011/03/11 01 2379.4976] - 100.80783 23797529 2371.615
1F 2 2011/03/11 02 2379.4805 100.81427 2378.9148 2372.481
1F 2 2011/03/11 03 2379.7356 100.81194 ~ 2379.7576 2372.123
1F 2 2011/03/11 04 2379.7681 100.81345 2380.2283 2371.116
1F 2 2011/03/11 05 2379.4617 100.79456 2378.9321 2369.1641
1F 2 2011/03/11 06 23791123 100.77412 2378.9939 2371.5459
1F 2 2011/03/11 07 2379.0081 100.7748 2378.7051 2370.5139
1F 2 2011/03/11 08 2379.0715 100.77875 2378.3953 23713
1F 2 2011/03/11 09 2379.1912 100.76691 2378.5503 2371.4551
1F 2 2011/03/11 10 2379.3088 100.77721 2379.7583 2371.406
1F 2 2011/03/11 11 2379.3074 100.76556 2379.5884 2370.1001](
1F 2 2011/03/11 12 2379.3491 100.75168 2379.4795 2372.8259
1F 2 2011/03/11 13 2379.3245 100.76263 2379.8066 23726169
1F 2 2011/03/11 14 2379.4778 100.7547 2379.9329 2371.394
1F 2 2011/03/11 15 1939.2495 80.86731 152.0777
1F 2 2011/03/11 16
1F 2 2011/03/11 17
1F 2 2011/03/11 18
1F 2 2011/03/11 19
1F 2 [2011/03/11 20
1F 2 2011/03/11 21
1F 2 2011/03/11 22
1F 2 2011/03/11 23
1F 2 2011/03/11 24

25 2381 98~101 2381

From "Integrated Performance Test Record of
the 25th Periodic Inspection of Unit 2",

parameters with that there exist limit values (

or past data ( ~ ) are referred here.
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≦ 2381
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添付資料－２－４

T1176791
テキストボックス
プラント主要パラメータを打出したBOPタイパー　サンプル

t0784470
テキストボックス
※ ２号機 第25回定期検査総合性能検査記録より
　 制限値（≦　）、過去データ（　～　）がある
 　パラメータについて表記。

t0784470
テキストボックス
1F-2-7

X101M906
テキストボックス
BOP (Balance of Plant) Typer (printed out main parameters of the plant) - sample

X101M906
テキストボックス
※From "Integrated Performance Test Record of the 25th Periodic Inspection of Unit 2", parameters with that there exist limit values ( ≦ ), or past data ( ～ ) are referred here.
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Summary Log of Output Distribution Calculation/
Result of Output Distribution Calculation
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Summary Log of Output Distribution Calculation/   Result of Output Distribution Calculation


Attachment-2-5
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-1
[Fukushima Daiichi Nuclear Power Plant Unit 1 and 2|
March 11, 2011, Friday, Shift 1, Shift Supervisor Task Handover Journal 3/4

Unit 2

1. Operation Status

(1) Reactor is shutdown

(2) Alarm “SEISMIC MONITOR TRIP” 14:47
(3) Reactor automatic scram, main turbine automatic shutdown (occurrence of the earthquake offshore of Miyagi pref.)
14:47
(4) Status of reactor “operation” to “hot shutdown” 14:47
(5) Insertion of all control rods 14:47
(6) Reactor mode switch “operation” to “shutdown” 14:47
(7) DIG 2A automatic start up (Okuma-2 line off site power lost) / trip 14:47/15:41
(8) Complete closure of MSIV 14:47
(9) M COND Vac break 14:55
(10) Reactor in subcriticality 15:01
(11) RCIC manual start up 15:02
(12) Torus cooling / Torus spray in service 15:07/15:25
(13) RPS MG (A)/(B) restart up 15:27/15:29
(14) D/G 2B breaker trip (running stand-by) / trip 15:40/15:42
(15) M/C2E trip 15:41
(16) Loss of all A/C power 15:41

2. Compliance status of safety regulation

(1) Safety regulation, article 17 (procedures at the time of earthquake and fire)

- report to O&M general manager at the occurrence of earthquake with an intensity of more than lower 5 14:50

(2) Safety regulation, article 76 (basic procedures at the occurrence of abnormal event)

- report to O&M general manager at the occurrence of reactor automatic scram 14:50

(3) Safety regulation, article 77 (procedures at the time of abnormal event)

- operation following “the operation procedures in case of reactor scram” 14:47

(4) Safety regulation, article 113 (report)

- report to O&M general manager at the occurrence of specific event ( loss of all A/C power) stipulated by clause 1,
article 10 of the act on special measures concerning nuclear emergency preparedness

3. Periodic test

(1) T-RFP oil tank oil level alarm test, automatic start up test of oil pump  Passed 10:05~10:29
(2) MTb safety device test Passed 10:33~10:43
(3) Sealed oil system test Passed 11:06~11:17

4. Requested work, non compliance event

None

5. Status of waste treatment facility

None

6. Others (Common)

(1) Occurrence of the earthquake 14:46

Intensity of higher 6: Naraha town (Kitada), Tomioka town (Motooka), Okuma town (Shimonogami, Nogami), Futaba
Town (Shinzan)

(2) Alarm warning for huge Tsunami 14:58

1F-2-9



Printed out main alarm typer of Unit 2 (extract)
O25H 7I7—bFA—FHITHHL (F)

[Automatic scram diie to the earthauake

* 2011703711 10047 AR ADRM gl ECIsABHRY T4
% 2011703711 147 Bh3E e AN P R N
% 2011703711 v B66d 'i"‘ U,u YRR
2011703711 14147 SO0k J.l.JJHl-IﬂP AT
* 2011/03/11 Litay e Bt FHEA Dt A
£ 2011703711 bindy D62 LU IR S O F i L
2011/03/1) by EUEIREELE Lol we-ud vopes FUZ B
2011/03/11 piat AUIEHGROME LU wi-td Wiges FUTE
2011703710 iy NUHORMERE DRl 2be-ud ttpos FY TR
2011/703/1) DhaT  ATSHIBUGM (Rl S0-03 uims FUT B
2011/03/11 14047 AN f,L’H.L G003 pes FUTZE
2011703710 00a7 ARG wTEILL W07 9%pes FU T
Control rod drifted due to the 255 ML D EIEEE R U'
scram (the same applies 7 R HAE (LIRS
2011/03/11 14547 ABS ot g, [ EREREER
* 2011/03/11 11347 Luuz R BN [IComplete insertion of all control rods
¥ 2011703711 14047 TG00 H—U o=y WERIESN
* 2011703711 1047 LGS B C i \..t. .f.:;
2011703711 DIo47 fdite JETUME B i
% 2011/03/11 1447 Hudd REFAWIE R
2011703711 ity ons Jeviell MRS
2011703780 Gatay it P ERRIR Ho 11
2011703711 otad Jies JUSpE R
# 2011/0371) iiav U 2 R AR A TR AV 1
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Printed out main alarm typer of Unit 2 (extract)
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Automatic scram due to the earthquake
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t1166164
タイプライターテキスト
Complete insertion of all control rods
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Control rod drifted due to the scram (the same applies hereafter)
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@

14:47 Scram due to the earthquake and the output decrease due to the scram

Below detectable level by Average Power Output Region Monitor (APRM), and
switch to Startup Region Monitor (SRNM)
*It is estimated that the tsunami arrived past 15:30. Recording was finished presumably
due to the tsunami.
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Output Level
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Output Level

X101M906
テキストボックス
①14:47 Scram due to the earthquake and the output decrease due to the scram
② Below detectable level by Average Power Output Region Monitor (APRM), and switch to Startup Region Monitor (SRNM)
*It is estimated that the tsunami arrived past 15:30. Recording was finished presumably due to the tsunami.
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0 14:47 Scram due to the earthquake and the output decrease due to the scram

O Below detectable level by Average Power Output Region Monitor (APRM), and switch to Startup
0 Region Monitor (SRNM)

0 Water level adjustment by start/stop of Reactor Core Isolation Cooling System

*|t is estimated that the tsunami arrived past 15:30. Recording was finished presumably due to the tsunami.
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REACTOR PRESS
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REACTOR PRESSURE
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t1166164
タイプライターテキスト
①14:47 Scram due to the earthquake and the output decrease due to the scram
② Below detectable level by Average Power Output Region Monitor (APRM), and switch to Startup 
　Region Monitor (SRNM)
③Water level adjustment by start/stop of Reactor Core Isolation Cooling System
*It is estimated that the tsunami arrived past 15:30. Recording was finished presumably due to the tsunami.
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Fukushima Daiichi Nuclear Power Station Unit 20 O Time-line Event Data Displayd O O O File nameld 1F2_Cy26_EVF DET_2011_03_11_14 46 56_400.dat0 O O Cycle of data 0.01sec
Term of Data Display: From 2:41:56 pm, Mar 11, 2011 to 3:16:55 pm, Mar 11, 20110 0 O O O O O Event Detection Time: 2.41:56:400 pm, Mar 11, 2011
Group Name[l 1F-2(1)0 Reactor water level
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Fukushima Daiichi Nuclear Power Station Unit 2　　Time-line Event Data Display　　　　File name　1F2_Cy26_EVF_DET_2011_03_11_14_46_56_400.dat　　　Cycle of data 0.01sec
Term of Data Display: From 2:41:56 pm, Mar 11, 2011 to 3:16:55 pm, Mar 11, 2011　　　　　　　Event Detection Time: 2:41:56:400 pm, Mar 11, 2011
Group Name：1F-2(1)　Reactor water level
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v1-¢-41

Fukushima Daiichi Nuclear Power Station Unit 200 [J Time-line Event Data Display(] 00 O 0 File named 1F2_Cy26 EVF_DET_2011 _03_11 14 46_56_400.dat(] O 0 Cycle of data 0.01sec
Term of Data Display: From 2:41:56 pm, Mar 11, 2011 to 3:16:55 pm, Mar 11, 20110 0O 0 0O O O O Event Detection Time: 2.41:56:400 pm, Mar 11, 2011
Group Name[ 1F-2(1)0 Reactor pressure(1)
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Fukushima Daiichi Nuclear Power Station Unit 20 O Time-line Event Data Displayd O O O File nameO 1F2_Cy26_EVF_DET_2011_03_11_14 46_56_400.dat0 O O Cycle of data 0.01sec

Term of Data Display: From 2:41:56 pm, Mar 11, 2011 to 3:16:55 pm, Mar 11, 201100 0 0 0 0O O O Event Detection Time: 2:41:56:400 pm, Mar 11, 2011
Group Namell 1F-2(1)0 Reactor pressure(2)
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Recording of transient phenomena recorder is automatically started by vibration
and fluctuation of upper side of reactor recirculation pump (B)
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Figure-2(1) Fukushima Daiichi Nuclear Power Station Unit 2 data of transient recorders
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Recording of transient phenomena recorder is automatically started by vibration and fluctuation of upper side of  reactor recirculation pump (B)
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Figure-2(1) Fukushima Daiichi Nuclear Power Station Unit 2 data of transient recorders
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Figure-2(1) Fukushima Daiichi Nuclear Power Station Unit 2 data of transient recorders
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1F-2-17
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テキストボックス
Main steam flow is reduced in accordance with closing Main Steam Isolation Valve

X101M906
テキストボックス
Reduction of main steam flow in accordance with Main Steam Valve closure
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Recording of transient phenomena recorder is automatically started by vibration and fluctuation of upper side of  reactor recirculation pump (B)
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Figure-2(1) Fukushima Daiichi Nuclear Power Station Unit 2 data of transient recorders
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Alarm records printed out from process computer of Unit 2, Fukushima Daiichi Nuclear Power Station
P27 REARRETS— LT 3 A

Bl PID B iE iy
* 2011/3/11 14:50 P418 PLRTTB LEER = {57.2800033 i m B
2011/3/11 14:50 P418 PLRF7B LHEW = 127.4175034 om -
* 2011/3/11 1450 coze  EHISE K = -§4.6875 mm |52
* 2011/3/11 14:50 P417 PLR#=-ZFA LEVER = 186.2774963 i m FB
[ * 2011/3/11 14:50 DGdE RCIC #—FE-- #= B RCIC turbine Start = 0N EH Alarm |
2011/3/11 14:50 D703 RCIC A% B = ON E&
201173711 14:50 Fos6 A Fubozil LSl A = 152.53125 i EE
i = Start iF % Normal
2011/3/11 14:50 cozs EHIMSIE K = 409375 mm E&
* 2011/3/11 14:50 FOB6 EmAE Fukozile LSl A = 15253125 i FE
* 2011/3711 14:50 FOB& mAE Fukozl LS = {51.50375 mm FE
201143711 14:50 P417 PLRH-TFa LEEE = 1439174957 i EE
2011/3/11 14:50 FOBE wAE fukbol LS A = 15234375 i EE
20113711 14:50 FOB& mAE Fukozl LS C© = {50.46875 mm ES
* 2011/3/11 14:50 5236 {#KE okl K = 150.65625 mm B
® 2011/3/11 14:50 coze  EHISE K = -01.5625 e E
* 2011/3/11 14:50 FOB6 EmAE Fukozile LSl A = 15234375 i FE
201173711 14:50 5236 WAKE Fubozil K = 151.40625 e EE
2011/3/11 14:50 coze  EHIHEIE A = 425 i ES
* 2011/3/11 1450 coz8 EHISIE K = -56.875 mm £
* 2011/3/11 14:50 P417 PLRATA LHEMEE = 1552725067 i m B
* 2011/3/11 14:50 F097 HAKREEHOEHD = -0.018750001 MPa B
201143711 14:50 P417 PLRFTFA LEEE = 132.7200012 i EE
2011/3/11 14:50 Fog7 HAREEHOEH = -0.016875001 MPa EE
201173711 14:50 coze  EHISEE KA = JB.875 e EE
* 2011/3/11 14:50 coze  EHISE K = -60 mm &
* 2011/3/11 14:50 FOB& wAE fukbzil LS C = 151.78125 Hi FB
* 2011/3/11 14:50 P417 PLRA-ZFa LEVER = 154.1399904 i m FE
2011/3/11 14:50 cozs EHISIZE K = 309375 mm EE
20113711 14:50 FOB8 EmAE Fukozil LS C = 1524375 fmm E®
* 2011/3/11 14:50 5236 - S o] S b o | R i = 152625 e FE
201173711 14:50 5236 WAKE Fubozil K = 152.4375 e EE
® 2011/3/11 14:50 coze  EHISE K = -75.625 e E
201143711 14:50 P417  PLR#HTFA LEEE = 127.8075027 im EE
* 2011/3/11 14:50 FoB& mAE Fukoile LS C© = 15253125 i FE
2011/3/11 14:50 cozs EHISIE K = {34375 mm EE
* 2011/3/11 14:50 5236 A4S fukoxie A = 15253125 e FE
* 2011/3/11 1450 coze  EHISE K = -76.25 mm i3
2011/3/11 14:50 c0z8 FEHISE i = 65 mm -
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Alarm records printed out from process computer of Unit 2, Fukushima Daiichi Nuclear Power Station

IF270EA N8 7s—L7) 5N

B il PID E% i iy
2011/3/11 14:51 5236 #AKE okl KL = 1528125 mm EE
2011/3/11 14:51 Cco28 EHISEE K = 25 i EH
* 2011/3/11 14:51 Ccoz8 FEHIMSHE & = -32.1875 mm i
* 20113711 14:51 FOBE WAE mubTl LS A = 151.3125 mm FB
201143711 14:51 FOB8 A4S mubozl LS C = 151.96875 M 13-y
* 2011/3/11 14:51 5236 #KE ok K = 151.3125 mm FB
2011/3/11 14:51 Cco28 EHIHIE K = 35625 mm EH
* 2011/3/11 14:51 FOB8 #wAE mubozl LS C = 15253125 M FB
2011/3/11 14:51 5236 WAYE fmybroe AT = 15196875 e -
* 2011/3/11 14:51 5236 WAKE Ruboz K = 151.06875 e FB
* 2011/3/11 14:51 coze EHIMSE A& = -53.4375 mm ylia
2011/3/11 14:51 FoGa WA Rybvl LS C = 15196875 e ES
201173711 14:51 5236 WA Rybooe AT = 151.06875 e -
201173711 14:51 coze EHIOSEE &4 = 33.75 e -
* 2011/3/11 1451 coze  EHINSE & = -58.375 mm g
* 20113711 14:51 FOB8 #HAS mubol LS C = 151.6875 mm TR
2011/3/11 14:51 Co48 DAW Y—S—EUESEE A = 5406806564 C -
* 2011/3/11 14:51 5236 HMAKE Ruboz K = 151.21875 e FB
20113711 14:51 FOB8 A4S mubozl LS C = 15253125 M N3
2011/3/11 14:51 5236 WAE Fuboze KEE = 15253125 e ES
* 20011/3/711 1451 FOG& WA mybbTl LS C = 15103125 e FB
* 2011/3/11 14:51 5236 WAY rubkroe AT = 151.03125 e TR
* 2011/3/11 14:51 Co48 DoW Y—S—EUESEEE A = 5587075806 C =
201173711 1451 FOB8 #wAE mubozl LS C = 151.06875 M E®
* 2011/3/711 14:51 Cd8 DAW Y—S—EUESEE A = 5828240204 “c =S
* 2011/3/11 14:51 FoGa WA Rybvol L)L = 15196875 e FB
201173711 14:51 5236 WA Rybooe AT = 151.06875 e -
201173711 14:51 cozs EHIHEE &K = 34.0625 e -
* 2011/3/11 14:51 5236 #KE okl K = 151.96875 mm FB
* 201173711 14:51 coz8 EHIMHE &K = -40 e i
2011/3/11 14:51 FoBa #HAS mybol LS C = 152625 e -
* 20113711 14:51 FOB8 #wAE mubozl LS C = 1528125 mm FB
* 2011/3/11 14:51 P417 PLRA A EEMERD = 1552725067 L i FB
20101/3/11 14:51 5236 #KE Fobkozie K = 152.625 e N
[ *2011/3/11 14:51 D585 48 A {TZ Reactor water level high = &= High =4 Alarm|
2011/3/11 14:51 coze  EHOEE & = 25525 e -
* 2011/3/11 14:51 5236 MKE okl K = 152625 mm T8
* 2011/3/11 14:51 P41 PLRFZBE LEEW = 157.0190052 L i FB
201173711 14:51 D585 [ = A = g ESE
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Alarm records printed out from process computer of Unit 2, Fukushima Daiichi Nuclear Power Station
IFR270tARREBTS— LT 3HD

B PID E¥ & I v
[ 201173711 1451 D648 RCIC 2—F - #cB RCIC turbine Start = OFF IEE Norhal
® 2011/3/11 1451 coze EHMSE & = -51.75 T &
201173711 14:51 P417 PLRA-TA LHEMEW = 147.75 L m EE
2011/3/11 14:51 P418 PLR{-7B LEED = 139.0950012 L m E®
* 2011/3/11 1451 D574 A—F ZASALMT BE = "% S
2011/3/11 14:51 BO36 FHEERSHEBETE—S2 BELY = -1.60100019 mSv./h %
* 2011/3/11 1452 D585 [WFFE KiEH = 3
2011/3/11 1452 co28 EHIMSE &L = 16875 mm E%
* 2011/3/11 14:52 P417 PLRATA EEMER = 172.3500061 i m FB
* 2011/3/11 1452 co28 EHIMSIE &L = -§4.375 mm €
2011/3/11 14:52 P417 PLREL-JA LEMER = 1414275055 i m E#
2011/3/11 1452 D585 [WFIF KiE®m = % E%
* 2011/3/11 14:52 F097  HMUKEREEHEOESD = -0.0175 MPa Fa
* 2011/3/11 14:52 P417 PLRA-TA EEMEW = 192.3825073 i m FB
* 2011/3/11 1452 P418 PLRF-7B L#EW = 162.2400055 i m FE
2011/3/11 14:52 FO97  #UKREEHOESD = -0.0175 MPa E%
2011/3/11 14:52 P418 PLRHF7B LEED = 128.5724945 L m E%®
* 2011/3/11 1452 D585 [WFIF AKiEE =8 2 ]
* 2011/3/11 14:52 P418 PLRH7B L#ER = 188.8874969 U m FB
2011/3/11 14:52 D585 [RFIF A{EE = IE#% EE
2011/3/11 1452 co28 EAHIMEE Kk = 203125 mm E%E
* 2011/3/11 1452 D585 [WFIF KiEH =8 2 ]
* 2011/3/11 14:52 co28 FEHIDHE &ix = -64.6875 mm &
2011/3/11 14:52 Fo68 K3 okl LS C = 152.71875 e 3
* 2011/3/11 14:52 Fo6s k¥ okl LS C = 152.71875 mm FB
2011/3/11 14:52 5236  WOK¥ ok A = 152.71875 T s
2011/3/11 14:52 co28 FEHIMEE &ix = 32.1875 mm E%E
* 2011/3/11 14:52 5236 KB okl KA = 152.71875 mim FB
* 2011/3/11 14:52 co28 EHIMHE &ix = -23.4375 mm &
2011/3/11 14:52 co28 EHIMEE &ix = 26.5625 mm E%E
2011/3/11 14:52 D585 [RFIF A{EE = IE#® EE
* 2011/3/11 14:52 co28 FEHIDHE &ix = -30.6875 mm &
2011/3/11 14:52 FO68  MkK¥ okl LI C = 152.00625 e E%E
* 2011/3/11 14:52 Fo97  #UKRIEHEOESD = -0.019375 MPa FB
* 2011/3/11 1452 D585 [RFIF A{EE =5 2 ]
2011/3/11 14:52 co28 EHIMEE &ix = 24.375 mm E%E
2011/3/11 14:52 Fo97  HMUKRIEHEOESD = -0.016875001 MPa -
2011/3/11 14:52 5236  #kE ok A = 152.00625 e EE
* 2011/3/11 14:52 FO68 MK Fubozil LS C = 152.0625 mm FB
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Alarm records printed out from process computer of Unit 2, Fukushima Daiichi Nuclear Power Station
P27 0eARNBRTS— LI 3HA

Bl PID 2% {E - Eiva
*® 201173711 1501 Fo11 EES—E> AO ESEEH A1 = -0.019375 MPa €
* 2011/3/11 1501 5254 {EFE4S—FE> AQO BEESEH A = -0.019375 MPa FB
2011/3/11 15:01 5254 (EFE2—Er AQ BEEAH A = -0.019375 MPa E%
*® 2011/3/°11 150 FO15 EFE2—E> AO ESEAH B2 = -0.019375 MPa &
* 2011/3/11 1501 FO15 {EE4—E> AQ #BEEH B2 = -0.018124999 MPa FB
* 2011/3/11 150 FOi15 {EFE%—FE> AQ BEEAH B2 = -0.018750001 MPa i3
2011/3/11 1501 D628 ELEL#H F M = OFF E®
2011/3/11 1501 R734 S/R% F 2H = OFF EW
* 2011/3/11 15:01 FO14 {EFES—E> A0 BSEH A2 = -0.019375 MPa i
*® 201173711 1501 FOi6 EFE2—E:x 2O BESEAH C2 = -0.019375 MPa €
20117311 1501 Foi1z {EES—F> AQ EESEH C1 = -0.019375 MPa E%
2011/3/11 15:01 5256 2 {EFEf2—E> AQ BEEAH C = -0.019375 MPa E%
2011/3/11 1501 R706 RHSW A MM = Ik EE
* 2011/3/11 1501 FO14 {EE4—E>r AQ BEEH a2 = -0.019375 MPa FB
* 2011/3/11 1502 Co48 DWW 4—5—EUESEE A = £4.36700430 C =
2011/3/11 15:02 FO14 {EFE4—E> A0 BESEH A2 = -0.019375 MPa N3
* 2011/3/11 1502 FOiz {EF4%—FE> AQ ESFEH C1 = -0.019375 MPa FB
* 201173711 1502 FO14 EFES2—E> AO BEREAH az = -0.018750001 MPa T
* 2011/3/°11 1502 Fo13 EE2—E> AQO ESEEH C1 = -0.018750001 MPa &
* 2011/3/11 1502 De28 ELEE=H F B = ON =3
2011/3/11 1502 R734 S.“R# F =B = ON E%
2011/3/11 1502 De28 ELETE=H F B = OFF %
2011/3/11 1502 R734 S~BH# F =8 = OFF FE
* 2011/3/11 1502 D648 RCIC #—E>- &8 RCIC turbine Start = ON B4 Alarm
2011/3/11 1502 R705  RCICEBI{E=E RCIC start signal = il IF & Normal
2011/3/11 15:02 R708 RHSW Cis- 7 = Itk EE
2011/3/11 15:02 D574 A—Fr ASAFMZ BE =¥ EE
* 2011/3/11 1503 D628 ELEE=H F B = ON £
2011/3/11 1503 R734 S R# F =8 = ON E%
* 2011/3/11 1503 B024 RCIC E#HTE = 2990156174 /s FB
* 2011/3/11 1503 P751 RCIC Fo7HHAR = 3082799912 /s TE
2011/3/11 1503 D628 ELELH F 8 = OFF ER
2011/3/11 1503 BO24 RCIC FEHTE = 2878503826 /s %
2011/3/11 1503 R734 S R# F =B = OFF E%
2011/3/11 15:03 P751 RCIC FHL7oHAE = 28.91550064 I/s E®
* 2011/3/11 15:03 De28 ELEE=H F B = ON =3 i
2011/3/11 1503 R734 S R# F 2B = ON %
* 20117311 1503 048 DA-W 9—5—BUEREE A = [5.95617676 C L3&E
2011/3/11 1503 D628 ELELHF F B = OFF ER
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Alarm records printed out from process computer of Unit 2, Fukushima Daiichi Nuclear Power Station

L) PID 2% fi& ey
2011/3/11 15:25 P751 RCIC FfRa7HHAR = 28.81049919 /s E%
* 2011/3/11 15:26 Co48 D W 4—>—EUESAEE A = 5443157196 C =E
* 2011/3/11 15:26 P417 PLRT-FA LEMER = 1629600067 fim T8
2011/3/11 15:26 P417 PLRHTA LEER = 119.0400009 L m %
* 2011/3/11 15:27 P417 PLRMTA LEER = 159.75 i m FB
* 2011/3/11 15:27 P418 PLRF-JB LEED = 193.0350037 i m FB
* 2011/3/11 15:27 Co48 DW 4—5—EVUESEAE A = (662258148 C L3m
2011/3/11 15:27 P417 PLRHTA LEER = 146.4524994 L m %
* 2011/3/11 15:27 P417 PLRMTA LEER = 162.9674988 i m FB
2011/3/11 15:27 P418 PLRF-JB LEED = 153.0599976 L m E%
* 2011/3/11 15:27 P418 PLRF-JB LEEDH = 156.0149994 i m FB
2011/3/11 15:27 P418 PLRH>JB LEER = 1345274963 L m E®
2011/3/11 15:27 P417 PLRATA LELER = 143.8800049 L m s
* 2011/3/11 15:28 D628 ELEE=H F B = OM =g
2011/3/11 15:28 R734 S R# F £8 = ON E%
* 2011/3/11 15:28 C048 D W 9—5—BEUETEE A = 6443157196 C =E
* 2011/3/11 15:28 D585  [RFIF K{ZE Reactor water level high =5 =8 Alrrm
2011/3/11 15:28 DE4E  RCIC #—E: #Z8 RCIC turbine Start = OFF iF & Normal
2011/3/11 15:28 D628 ELEE=H F B = OFF EE
* 2011/3/11 15:28 Co04d [RFIF &KL = 1507.96875 mm TE
* 2011/3/11 15:28 co74d RFIFEHE (HE#EE) A = 1508.203125 mm T8
* 2011/3/11 15:28 C075 [RFFEAKE (E¥E) B = 1507.265625 mm TE
2011/3/11 15:28 R734 S/R# F 2M = OFF EX
2011/3/11 15:28 C075 RFFEAKLE (s B = 1509.609375 mm EE
2011/3/11 15:28 Co04 [RFIFE A = 1502.34375 mm EE
2011/3/11 15:28 CO74  [RFFEAKEL (HR¥E) A = 1501640625 mrm ES
2011/3/11 15:28 D585  RFIF KiS = E® E®
* 2011/3/11 15:29 D628 ELREHF F F = ON b
2011/3/11 15:29 R134 S/R# F £H = ON E%
* 2011/3/11 15:29 D585  [HTFIFE AfE =& 2
2011/3/11 15:29 D628 ELEEH F BA = OFF EW
2011/3/11 15:29 R734 S/R# F M = OFF EX
2011/3/11 15:29 D585  RFIF AK{dE = E® E%
2011/3/11 15:29 ABDD UV YL-27 PLR{A)—B1 ®ifE = ON ES
2011/3/11 15:29 ABID UV YL-27 PLRI{A)—B2 ®ifE = ON ES
2011/3/11 15:29 AB11 Uv 1JL-27 PLRIBI—B1 EifE = ON ES
2011/3/11 15:29 AB12 u JL-27 PLRIB)—B2 EfE = ON E®
2011/3/11 15:29 D521 MFiF K& B = E® ER
2011/3/11 15:29 D523 [EFHF K& D = E® ER

a5
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Alarm records printed out from process computer of Unit 2, Fukushima Daiichi Nuclear Power Station
P27 OEAMRRTS— LT 2D

B PID B fit B

* 2011/3/11 15:39 TOOE A—E TIFL—I BEEH = -0.644062459 kPa

* 2011/3/11 15:39 TOO6E  A—E TI3F—II BEREH = -0.665531218 kPa RLTFIB&R
2011/3/11 15:39 TOOE  A—E TIFL—II BREH = —(.644062459 kPa EE

* 2011/3/11 15:39 TOOE  A—E TIFL—II BREH = —0.665531218 kPa €

* 2011/3/11 15:39 TOO6E  A—Er TIF—I BEEH = -0.644062459 kPa RLTE:&RR
2011/3/11 15:39 TO06E A—E TI3F—I BEREH = -0.665531218 kPa EE

* 2011/3/11 15:39 TOOE  A—E TIUFL—II BEREH = -0.665531218 kPa RLTFB&R

* 2011/3/11 15:39 D519 WFF EH D = & =4

* 2011/3/11 15:39 TOOE A—Er TI3F—I BEES = -0.665531218 kPa £

* 2011/3/11 15:39 TO0OE  A—Er FI3F—I BERES = -0.665531218 kPa RLTE:&RR

* 2011/3/11 15:39 D517 BFIF EH B = & -1

* 2011/3/11 15:39 TODE  A—E FI3FL—II BEEH = —( 544062459 kPa 4

* 2011/3/11 15:39 TODE  A—E FI3F—I BESEH = —0.644062459 kPa RLTFRB&R
2011/3/11 15:39 TOOE  A—El TIFL—I BEES = -0.644062459 kPa E®

* 2011/3/11 15:39 TOOE  A—El TIFL—I BEES = -0.644062459 kPa £
2011/3/11 15:39 TOOE  A—El TIFL—I BEES = -0.644062459 kPa E®

* 2011/3/11 15:39 TOoE  A—El FI3FL—I BEEH = —0.644062459 kPa RLTFER &M
2011/3/11 15:39 TOoE  A—El FI3FL—II BEEH = —(665531218 kPa EE

* 2011/3/11 15:39 TOOE  A—El TIFL—I BEES = -0.644062459 kPa £

* 2011/3/11 15:39 TOOE  A—El TIFL—I BEES = —(.644062459 kPa RLTE&R
2011/3/11 15:39 TODGE  A—El TS5 FL—I BEEDH = (665531218 kPa EE

| * 2011/3/11 15:39 D648 RCIC 9—E: #£8h RCIC turbine Start = ON £ Alarm |

* 2011/3/11 15:39 D672 REE =TT RYuT = ON 54
2011/3/11 15:39 D703 RCIC EA$H B = ON ES

* 2011/3/11 15:39 C048 D-W 9—S—EYESEE A = 6672718811 C L3®E

* 2011/3/11 15:39 TODGE ~ A—El FS5FL—I BSEDH = —0.665531218 kPa {E

[ 2011/3/11 15:39 R705  RCICEW{EE RCIC start signal = &8 Start F# Normal |

* 2011/3/11 15:39 TOOE  A—El TIFL—I BEES = -0.665531218 kPa RLTEEER
2011/3/11 15:39 D672 HES =—9)49 R)uT = OFF E®

* 2011/3/11 15:39 TOOE  A—El TI3FL—I BEES = -0.622593701 kPa £
2011/3/11 15:39 D583 FATAMER 2A B|E =g s
2011/3/11 15:39 D592 6. 9KV M.-C ¥ za—-1B = ON s
2011/3/11 15:39 D593 6. 9KV M.SC EEE 2A-3B = OM ES

* 2011/3/11 15:39 D672 HES =—9)49 R)uT = OM -1

* 2011/3/11 15:39 TOOE  A—El TIFL—I BEES = -[0.665531218 kPa RLTEEER

* 2011/3/11 15:39 D583 ATRER 24 B% = kS i
2011/3/11 15:39 D592 6. 9KV M.-C HEME 2a-1B = OFF s

* 2011/3/11 15:39 TOOE  A—El TIFL—I BEES = —0.665531218 kPa £
2011/3/11 15:39 D593 6. 9KV M.SC EEE 2a-3B = OFF ES
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MPa

I/s

rpm
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T—3FR AR
T—REH

Record of the processes computer at Unit 2

BEE—RFHEEN 258 TORHERBET—4

201143811 H 14:40:00 ~ 2011438118 15:50:00
17
1. P750 RCIC R THHEH

120

10.0
8.0

4.0
20

T T
| |
| |
| |
| |
6.0 | |
| |
| |
| |
| |

|

0.0
14:40:00 14:45:00

14:50:00

14:55:00

15:00:00

15:05:00

15:10:00

15:15:00

15:20:00

15:25:00

15:30:00

15:35:00

15:40:00

15:45:00

2. P751 RCIC RyTHHHARE

35.0

30.0
250
200
15.0
10.0

5.0

0.0

14:40:00 14:45:00

1

4:50:00

14:55:00

15:00:00

1

5:05:00

15:10:00

15:15:00

15:20:00

15:25:00

15:30:00

15:35:00

15:40:00

15:45:00

3. P752 RCIC #—E > [EEn&EE

5000.0

4000.0
3000.0
2000.0
1000.0

0.0

A

A

—1000.0
—2000.0

T
~t
|
|
|
|
|
|
|
|
l

T
-
|
|
|
|
|
|
|
|
l

14:40:00 14:45:00

14:50:00

14:55:00

15:00:00

15:05:00

15:10:00

15:15:00

15:20:00

15:25:00

15:30:00

15:35:00

15:40:00

15:45:00

4. P753 RCIC k&

AT

120.0

100.0
80.0
60.0

200
0.0

T T
| |
| |
| |
| |

400 | | |
| |
| |
| |
| |

\J

T
|
——

\
W~

T
|
ol
|
|
|
|
|
|
|

T
|
—
|
|
|
|
|
|
|

-20.0
14:40:00 14:45:00

14:50:00

14:55:00

15:00:00

15:05:00

15:10:00

15:15:00

15:20:00

15:25:00

15:30:00

15:35:00

15:40:00

15:45:00
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Parameters regarding the water levels and the pressures of Unit2 at 1F
1F2 ki E A= D A5A—%

. DR SERESORETS TEALE ST, RRCH RS SRENSGERERRL T EROSSE tEE L T EAhr RELT .

MR
FiT R DU TR, N RO EREROEE TR T RO R R EAL TSEhaaiar, iF L B & Tu 2L T & s E LT g,
PO FOREEET &R

s [Teaas [nsa]en mem baea [womn |ous  ow [oNS T IONE T [oamn |
Emiml s, (MPa} EX(MPa)  |(MPa sba) | (MPa sbs) (Su/h) [Sw/hl Su/n) Su/h) il mseh
20115311 2000
1S3 BT 7.000
20117311 RIS
2117311 20,30
0117311 2100
201173411 21:30
01173401 2200 3400 *
200173501 22 'H]l 3400
201173411 22:20| g
2011/3711 2230/
2011/3711 2235 0
001./3°11 F2AT 408
2001/3711 3305 3400
FO0153400 Z330 A504
2001/3711 2325 8300 0141 DAWEET] gagatnd
aha
2001/3411 2330 3500
2061,/3/11 2350 3500
201143411 2355 3500
1735012 0 36
201173/12 0k
20017312 03 3500
2001./3/12 100 3600
AL e T o B SbH}
200173712 130 5,300 0151 EanE-En gagnbid
01143712 440 3600 e S
0017302 155 360
20173008 F0l A6
2001,73512 230 60D
2011/3/12 250 3700| 5 500
11/1712 255 |
200173712 205 ATH)
00153412 218 0LEE .D::'LEJ: gognint
2001/9°93 330 370
201170712 240 |
2011/3/12 58 3700
2041/0°12 418 3700|
PO/ 0T 495 3700

1282
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Parameters regarding the water levels and the pressures of Unit2 at 1F
1F2 b - AT L5452

B EC LTI, ANTtoanERad e R, BENoaelEEEn N E TUSEDER0, E L iR NTH T VEIRrEGE ST IR E L TVE.

i (oA |ere [ RERE BR RFE DwEs |wola o [0AR ONE CI0S L OMST Thakimm (o,
. H1iMPa) Efr(MPay . |(MPaabs) | (MPaabs) |, . 2 B Sl '
[} - {mm} N il {5wrh) [Sw'hl {5v/ny {Surh) ;

201172714 BAS 3000 380¢] 5445 0400 1 00E-0d b AU
BIE 14514 B0:00] 3800 an5a) 5480 048D D40 | 1 00E-03 b, IE-02
B011./4414 HiL15] 1,00E-03 | 4. e~
B011,/3/14 10.30] 3800 I0ED) 5540 0.460 0481 | 100E-03 I5RE-00
OI1/3/14 1130 3400 T £.008 400 0485 | 1B0E-03 1.206-02
20813714 1200] 3400 1400 * 008 0.460 0465 | 100603 1.206-02
2011,3714 1230 2560 B0 HAZR 0465 0488 | 100F03 1.10E-07
207142714 13:00] 2501} a5od|  TORA|

20173714 1310 2500 | 1005 1485

20015314 1324 200 2400 TAT 465

200143714 1230 7456 i

20617,3714 1240 2280 220 i

201143714 1345 200 22 1285 0480

200173714 1400 2000 RO00 1430 0480

F0143/14 1410 TR50 1850 7.a02 480

201 0/5714 1430 BLH 1 TE5D 0,455

2001,3714 1427 1680 1850 485

201143414 1440 1550 1680 7426 1460 1 20E 02 1.30E-07

201173414 1460 1260 1260 1470 0.448

01173714 1500 1200 1200 1382 0440 1 90E-0) 1 I0E-02

2013414 1515 1900 | 702 0.440 1 0BE=04 1.03E-02

20143414 1580 ET [T 10 430

FO1173714 154D i 0 1070 0.430

20117314 1550 S0 500 TALE 1.420

BI173414 1600 00 Ao 7448 40 |

17314 1800 190 100 T840 0470

P01 1/3414 1830 n o 8386 0.420

FANESN14 1R & FHH

FDU173718 1618 7401

0 173714 16.38 7425

13714 1643 0

E31173/14 1657 =30 400

B 173714 1712 300 74403 |

0 173718 1714 250 T4

A4 17 18] =350 a475

TN 173018 1710 =100

T34 1700 71280

01173414 1744 : 7350 1480

LB
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Unit 2 PLR pump inlet temperature
[28 PLRARVIAOERE]
oc |

9111160} 1) im0 | 111s0 L1200 1)1 11250 |]|306 &

°C

mp ||| l6o| | |/ton |!|/ns0 5| l200 || 250 som|

. s 1
] - -
It 2 b
L -
L4 B |
mo 50 100 150y | 200 o
g | [TTTEE09 T3 T [2Fa8TC T T[T 2 =
. -
# e o=
TR-2-165

7™ PLR PUMP A SUCTION TEMP
& PLRPUMP B SUCTION TEMP

O 14K4 7% HEIZEXDAZ T4
% 1 5WF3 0T ITHENEPR LI EBEIND, BIEOREIC L D &b o5& T,
14:47 Scram due to the earthquake

*It is estimated that the tsunami arrived past 15:30. Recording was finished presumably
due to the tsunami.

1F-2-27
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14:47 Scram due to the earthquake
*It is estimated that the tsunami arrived past 15:30. Recording was finished presumably due to the tsunami.
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INTGA—4

® &

1. LOPA_DG_2Ai2®h

JEE T — b L R E A Emergency diesel generator start

0.000 digital

digital

14:41:5

[
14:48:56 14:52:26 14:55:56 14:59:25 15:02:55 15:06:25 15:08:55 15:13:25

0.000 digital

15:16:55

digital

-1
14:41:56 14:45:26

1. D/G_2AE _R-T
9000

[
14:48:56 14:52:26 14:55:96 14:58:25 15:02:55 15:06:25 15:08:55 15:13:25

15:16:99

7200
5400
3600
1800

0
14:41:56 14:45:26
2. D/G_2BEE_R-T

L
14:48:56 14:52:26 14:55:96 14:58:25 15:02:55 15:06:25

15:16:55

9000 |

22001 -
5400 |- P
GEDU_ .............. : ......
B AU S

! ! ! ! ! ! !

0
14:41:56 14:45:26

[
14:48:56 14:52:26 14:55:56 14:59:25 15:02:55 15:06:25 15:08:55 15:13:25

EERT—EIILREMEER Voltage applied by emergency diesel generator

FFFBRERRL T (B) LEBRBERCHSBERRDHEE B BINEHSR

15:16:55

14410, SERAT—F
JVEBHEEIL . EEAFE
IZLTLVS,

At around 14:47,
emergency diesel
generator started and
voltage is applied.

Recording of transient phenomena recorder is automatically started by vibration
and fluctuation of upper side of reactor recirculation pump (B)

M—2(1) E5FE—25# BERREHEEE T

Figure-2(1) Fukushima Daiichi Nuclear Power Station Unit 2 data of transient recorders
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1F-2-28

X101M906
テキストボックス
Emergency diesel generator start

X101M906
テキストボックス
At around 14:47, emergency diesel generator started and voltage is applied.

X101M906
テキストボックス
Voltage applied by emergency diesel generator

X101M906
テキストボックス
Recording of transient phenomena recorder is automatically started by vibration and fluctuation of upper side of  reactor recirculation pump (B)

X101M906
テキストボックス
Figure-2(1) Fukushima Daiichi Nuclear Power Station Unit 2 data of transient recorders
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INTA—4

" =

1.

RHR A > —iEpsze Pump Circuit Breaker

0.000 digital

digital

14:45:26 A

[
14:48:56 14:52:26 14:55:96 14:59:25 15:02:55 15:06:25 15:09:55 15:13:259 15:16:35

Recording of transient phenomena recorder is automatically

BEFFBEERERLVT(B) LEIRBERCHSBERREREBSBINERME  started by vibration and fluctuation of upper side of reactor

EAMFIZET—ILKAHND
f=8 . 1585045768, TR BB 2R
%% (RHR) IRV TAZEEL
=bDEHEESND,

removal system (RHR)
was started at around 1
cool the water in the su
pool.

3. RHR G sK> 7iEpsse Pump Circuit Breaker

recirculation pump (B
0.000 digital P P (E)

digital

-1
14:41:56

14:45:26

[
14:48:56 14:52:26 14:55:56 14:58:25 15:02:55 15:06:25 15:09:55 15:13:25 15:16:35

Recording of transient phenomena recorder is automatically

RFFEBERERT (B) LERBZEHIHIBERREREEBYIEME  started by vibration and fluctuation of upper side of reactor

EAHIFIZET—ILKAHD
=8 . 1585075 B . L&
£% (RHR)RUTCEEEIL
FbDEHETESIND,

-

as started at around 15

=

pol the water in the

(]

suppression pool.

RHSW A 5~ Fipsse Pump Circuit Breaker

0.000 digitalrecirculation pump (B)

digital

=1
14:41:56

14:45:26 4

15:02:55 15:06:25 15:09:55 15:13:25 15:16:55

Recording of transient phenomena recorder is automatically
RTFBERALT (B) LERHEBIHIBERRCELEAMREBE 1) e by vibration and fluctuation of upper side of reactor

A 14:48:56 14:52:26 14:55:56 14:58:25

EAMFIET—ILKAEND
T=&. 1585002 LA, TR BR#AER
EBKRRUTAZEE LT
LDEHESND,

It is estimated that
fesidual heat removal
gystem (RHR) pump A
vas started at around

15:00 to cool the water

recirculation pump (B)

M—2(1) BEE—25H BERREHEE T4

Figure-2(1) Fukushima Daiichi Nuclear Power Station Unit 2 data of transient recorders

in the suppression pool.

11

It is estimated that residual heat
pump A

5:04 to
ppression

1 is estimated that residyal heat
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March 27, recording resumed with recorder's power souce recovery.
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4. Overview of data analysis of Unit 3

(1) Plant data

Plant behavior represented by using data collected from Unit 1 is shown as follows.

The chart of Unit 3 recorded data when the earthquake and tsunami attacked. However, due to the
loss of power sources and signals caused by the effects of inundation by tsunami, the chart
stopped after a certain period of time. The annunciator output data for about 3 hours and 30
minutes after the occurrence of scram and then stopped. Regarding the operation log which is the
record by the operators on duty the records before the earthquake are kept, however, the records
after the occurrence of the earthquake are not complete with some parts missing due to the
blackout and working environment in such severe conditions. The data of the transient
phenomenon recorder of Unit 3 was collected by using temporary power source even though it
took more time compared with other units since measures such as uninstalling hard disk etc.
failed.

(2) Plant behavior
Before the occurrence of the earthquake at 14:46 on March 11, 2011, Unit 3 had been
operated in the rated heat output and the data indicated it was under normal conditions.
According to Shift Supervisor Task Handover Journal, the supervisor confirmed that the
water level of the spent fuel pool was full (near overflow line) and the temperature of the
pool was 25 , i.e. under normal conditions. (Attachment-3-1  4)
Unit 3 scrammed by the earthquake, at 14:47 on the same day.
All control rods were inserted at 14:47 on the same day.
Immediately after the scram, Average Power Range Monitor (APRM) indicated sudden
decrease. It means that the output surely decreased with a normal operation.
(Attachement-3-5 7)
Transition of water level in the reactor indicated slight decrease of water level by crashing
void immediately after the scram. However, the water level was recovered and maintained
within the normal level range without reaching automatic starting level of ECCS (L-1
regarding core spray system and RHR, L-2 for high pressure water injection system). After
that, although the level fluctuated due to opening/closing of the main steam safety relief
valves and start/stop of RCIC, it stably remained within the narrow band range (the
measurable range by the indicators approx. 4 meter above the top of active fuel, used for
the normal operation).
The pressure of the reactor was also decreased after the scram. However, since the main
steam isolation valve was closed on 14:48 on the same day, the pressure increased.
In response to the increase of pressure of reactor, the main steam safety relief valves
have worked and stably controlled the pressure. (Attachment-3--8  11)
In the record of the annunciator, the isolation signals indicated a rapture of main steam
pipeline were printed out before and after the close of main steam isolation valves.
However, the data collected from the transient phenomenon recorder showed that the
main steam flow was zero (0) as a result of the closure of the main steam isolation valve,
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and did not indicate any increase of steam flow caused by the rapture of pipeline in the
process. From abovementioned data and phenomena, it is estimated that the incorrect
alarm regarding the rapture of main steam pipeline was made by closing signal according
to the fail safe system caused by loss of external power sources for indicators by the
earthquake. (Attachment-3-12 13)
Amid the water level transiently-changed due to the scram after the occurrence of the
earthquake as well as opening/closing of main steam isolation valve and main steam
safety relief valves, RCIC was manually started at 15:05 2 on the same day in accordance
with the response manual in case of reactor isolation (close of main steam isolation valve)
by loss of external power source, and the water level increased. However, RICI
automatically stopped at 15:25 due to the high water level in the reactor. This led to the
drop of the water level and then RCIC was manually started at 16:03. Those start and stop
processes were recorded in the alarm’s record worked by the earthquake and the process
calculation data, etc. (Attachement-3-14 15)
According to the recorder chart, the pressure in the reactor was stable at approx. 7 MPa
(normal operation level) until 12:00 on March 12. However, the chart indicates significant
changes (6 MPa decrease in approx. 6 hours) after that. It implies that RCIC was
continuously operated until about 12:00 on March 12 and that there were some sort of
changes to operating conditions of each equipment. It was reported in the plant related
parameters (as of 12:55) attached to the 22" report pursuant to the article 15 that RCIC
stopped at 11:36 on March 12 for some reason and high pressure coolant injection system
started following a decrease in water level at 12:35 on the same day. (Attachement-3-9)
At 2:42 on March 13, high pressure coolant system stopped because of a decrease in
reactor pressure. After that, it became inoperative presumably due to the loss of DC power
source. At 9:25 on the same day, fresh water injection containing boric acid was started
through fire extinguishing system. (Attachement-3-15)
After the pressure in reactor was stably maintained at approx. 1 MPa until around 19:00 on
March 12, it increased to approx. 7MPa in 2 hours from 2:00 on March 13. The pressure
was maintained at that level for a while but from 9:00 on the same day, significant
decrease was seen. The reason for this has not been identified yet.

As previously mentioned, since immediately after the reactor scram, main steam isolation
valve was closed and the reactor was isolated, RCIC, which was driven by steam from
reactor, was used for water injection to the reactor in the early time after the earthquake.
After RCIC stopped its function, high pressure coolant system was used.

Besides, in the case that the reactor pressure increased by decay heat, the reactor
pressure was controlled by opening and closing of main steam safety relief valve in order
avoid too much increase of pressure.

It is stipulated in the safety regulation that the change rate of the water temperature in the
reactor (temperature at PLR pump inlet) should be under 55 /h in order to avoid sudden
change of temperature. As the chart indicated, the water temperature in the reactor had
been stable within several tens of degree in an hour until stop of recording by the tsunami
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after the earthquake. (Attachement-3-16)
Meanwhile, external power sources were lost due the earthquake, 2 emergency diesel
generators started at around 14:48 on the same day. By these units, voltage was kept at
normal level. It is estimated that necessary power was secured. (Attachement-3-17)
After the reactor scram, temperature change of cooling system for the primary
containment vessel until power sources for indicators stopped has a trend that the
increase was moderate and saturated within several tens of degree. At that time, any
sudden change of temperature caused by rupture of pipeline, etc. was not recognized in
the primary containment vessel. In addition, the reactor pressure was controlled by safety
relief valves, etc. and kept at around 7 Mpa. It is assumed that there was no rupture.
(Attachement-3-9, 10, 18)
No records which show the operation of ECCS were found (including manual operation)
during the period after the earthquake until the loss of all alternative power sources,
because the water level of the reactor did not draw down below the level ECCS would be
the automatically activated. After the earthquake, the external power sources were lost
and then Fuel Pool Cooling and Filtering System were stopped, however, emergency
diesel generators were started. Cooling the pool using the pumps of RHR whose power is
supplied from emergency diesel generators was not conducted before the arrival of
tsunami, since it was confirmed that the water level of the spent fuel pool was full before
the earthquake (around overflow level) and that the water temperature of the spent fuel
pool was around 25 , therefore it did not seem to be an obstacle for the immediate
cooling of the fuel.
Shift Supervisor Task Handover Journal states that all alternative power sources were lost
at 15:38.
After the loss of all alternative power sources, it is assumed that pumps of RHR of ECCS,
and core spray pumps did not work due to the loss of power. The operation of the high
pressure coolant system is stated above. (Annex-2)
2 Regarding a radiation monitoring for exhaust stack, the values recorded from scram of
reactor to the end of recording are stable and nothing abnormal were seen. Gradual
increase can be seen temporarily from approx. 5:00 on the next day. However, we
consider this as a result of increase in radiation dose from other units in the site since the
same trend can be seen at unit 5 and water level in the reactor of unit 5 was maintained at
full at the same time. (Attachement-3-19)

The time is based on the record from the alarm. In the operation related documents, the time
is recorded as 15:06 (Time stated in 7 “Summary of operations”, report submitted on May 16,).
As a result of the analysis and evaluation, the time RCIC started was determined as15:05.
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Attachment-3-1
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-1
[Fukushima Daiichi Nuclear Power Plant Unit 3 and 4]

Shift Supervisor Task Handover Journal (1/3)

Shift Supervisor Task Handover Journal

[confirmed by ] Chief

engineer of reactors

i [made and approved
[confirmed by]
. . by]
. . Supervisor of next shift ) )
March 11, 2011, Friday, 8:30, Shift 2, Group E Shift supervisor

ond No. of

n dut

y organizati Off duty Support duty

9 (operator) on
- (instructor)
1 (trainee) 172 Replacement | --- none

Unit 3 | Generator Z9IMW, Reactor  in operationYstart up + hot shutdown - cold shutdown - fuel exchange

e
Output Status
Unit 4 | Generator OMW Reactor in operation - start up - hot shutdown - cold shutdown Guel exchange)
e
Output Status
Notes

Unit 3
1. Operation Status

(1) Reactor rated thermal output steady operation

(2) M. COND B/W 04:01-04:53

2. Compliance status of safety regulation

Not particular

3. Periodic test

None

4. Requested work, non compliance event

None

5. Status of waste treatment facility

None
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From "Integrated Performance Test Record of the
24th Periodic Inspection of Unit 3", parameters with
that there exist limit values (

are referred here.

), or past data ( ~ )
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※ ３号機 第2４回定期検査総合性能検査記録より
　 制限値（≦　）、過去データ（　～　）がある
 　パラメータについて表記。
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※From "Integrated Performance Test Record of the 24th Periodic Inspection of Unit 3", parameters with that there exist limit values ( ≦ ), or past data ( ～ ) are referred here.
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Output Distribution Calculation Fukushima Daiichi Nuclear Power Station Unit 3 25th Cycle
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Attachment-3-5
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-1
[Fukushima Daiichi Nuclear Power Plant Unit 3 and 4]

Shift Supervisor Task Handover Journal (1/3)

Shift Supervisor Task Handover Journal

[confirmed by ] Chief

engineer of reactors

[confirmed by [made and approved
. . Supervisor of next shift by
March 11, 2011, Friday, 21:00, Shift 1, Group A Shift supervisor
No. of

On duty organizati Off duty Support duty

8 (operator) on

- (instructor)

1 (trainee) 172 Replacement Refer to attachment

Unit 3 | Generator OMWe Reactor in operation - start up @cold shutdown - fuel exchange

Output Status
Unit 4 | Generator OMWe Reactor in operation - start up - hot shutdown - cold shutdown Guel exchange)
Output Status
Notes

Unit 3

1. Operation Status

(1) Reactor is shutdown
| (2) Alarm “SEISMIC TRIP” 14:47 |

(3) Reactor automatic scram 14:47

(4) Main turbine manual trip 14:47

(5) M Cond Vac break 14:51-15:15
[ (6) Reactor in subcriticality 14:54 |

(7) Reactor mode switch “operation” to “shutdown” 15:08

(8) Status of reactor “operation” to “hot shutdown” 15:08

(9) Loss of station power supply / report stipulated by articule 10 of the act on special measures concerning nuclear

emergency preparedness (from Technical Support Center (TSC)) 15:38/15:42

(10) RCIC “start up” 16:03

(11) Report stipulated by article 15 of the act on special measures concerning nuclear emergency preparedness (from
TSC) 16:36

2. Compliance status of safety regulation

abnormal, following articles are applicable

(1) Article 17 (procedures at the time of earthquake and fire)

(2) Article 76 (basic procedures at the occurrence of abnormal event)

(3) Article 77 (procedures at the time of abnormal event)

(4) Article 113 (notice)

(5) Article 121 (report)

1F-3-9
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【Unit 3 Alarm Typer】
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←Complete insertion of all control rods
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0 14:47 Scram due to the earthquake and the output decrease due to the scram

O Below detectible level by Average Power Output Region Monitor (APRM), and switch to Startup Region Monitor
(SRNM)

O Fluctuation of indication due to noise

1F-3-11
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①14:47 Scram due to the earthquake and the output decrease due to the scram
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②Below detectible level by Average Power Output Region Monitor (APRM), and switch to Startup Region Monitor (SRNM)
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③ Fluctuation of indication due to noise
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0 Unit 3 Reactor water level (wide band range, fuel rangeld
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- F%F?K{u ( ﬁﬁ) Reactor water level (wide band range)
! JRF KP4 (¥RAELIBK ) Reactor water level (fuel range)
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@ A7 THZEBHNETF, ¥—briEOFpPil, EARKREEERPA IS ORI 5 KA A E)

00 14:47 Scram due to the earthquake
0 Water level fluctuation caused by output decrease due to the scram, Main Stop Valve closure, Main Steam
Isolation Valve closure, etc
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【Unit 3 Reactor water level (wide band range, fuel range】
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Reactor water level (wide band range)

t1188887
タイプライターテキスト

t1188887
タイプライターテキスト

t1188887
タイプライターテキスト

t1188887
タイプライターテキスト
Reactor water level (fuel range)
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①14:47 Scram due to the earthquake
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② Water level fluctuation caused by output decrease due to the scram, Main Stop Valve closure, Main Steam Isolation Valve closure, etc
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O Unit 3 Reactor water level, Reactor Pressure 1/30
[BBRFIFKEL, BRFIWFEH (1.73)]
{FE AL

LR/PR—6-97
No. | [ | RF PO
No.2 |NEN| RFIFIEN

O 1485475 HEICIDZAZ T A
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BEFR PR X A IF =N
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(0 14:47 Scram due to the earthquake

O Reactor pressure decrease due to output decrease and subsequent
reactor pressure rise caused by Main Steam Isolation Valve closure

O Reactor pressure control by Safety Relief Valve

O Water level fluctuation caused by Safety Relief Valve open/close and
Reactor Core Isolation Cooling System start/stop

00 O 15:05 Reactor Core Isolation Cooling System start

0 O 15:25 Reactor Core Isolation Cooling System trip (High water level)
O Water level fluctuation ca@ed by Reactor Core Isolation Cooling

System start
0 O 16:63 Reactor Core Isolation Cooling System start

[0 Reactor pressure is around 7MPa, water level was kept within the
narrow band range (area of water level instrumentation device for
normal operation located approx. 4 meters above from the top of active
fuel) by water injection, and is maintained stably.

)

AR RN AR RN
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【Unit 3 Reactor water level, Reactor Pressure 1/3】
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①14:47 Scram due to the earthquake
② Reactor pressure decrease due to output decrease and subsequent reactor pressure rise caused by Main Steam Isolation Valve closure
③ Reactor pressure control by Safety Relief Valve
④ Water level fluctuation caused by Safety Relief Valve open/close and Reactor Core Isolation Cooling System start/stop
　　15:05 Reactor Core Isolation Cooling System start
　　15:25 Reactor Core Isolation Cooling System trip (High water level)
⑤ Water level fluctuation caused by Reactor Core Isolation Cooling System start
　　16:03 Reactor Core Isolation Cooling System start
⑥ Reactor pressure is around 7MPa, water level was kept within the narrow band range (area of water level instrumentation device for normal operation located approx. 4 meters above from the top of active fuel) by water injection, and is maintained stably.
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O Unit 3 Reactor water level, Reactor Pressure 2/30
[3BRFIFKEL, RFIWFEAH (2.73)]
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O Water level was kept within the narrow band range (area of water
level instrumentation device for normal operation located approx. 4
meters above from the top of active fuel) by water injection, and is
maintained stably.

O From around 11:30 on March 12, situation of pressure control
changed (From around 11:30, small fluctuation started)

00 O 11:36 Reactor Core Isolation Cooling System stopped

0 From around 12:00 on March 12, reactor pressure decreased over
around 6 hours.
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【Unit 3 Reactor water level, Reactor Pressure 2/3】
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⑦  Water level was kept within the narrow band range (area of water level instrumentation device for normal operation located approx. 4 meters above from the top of active fuel) by water injection, and is maintained stably.
⑧ From around 11:30 on March 12, situation of pressure control changed (From around 11:30, small fluctuation started)
　　11:36 Reactor Core Isolation Cooling System stopped
⑨ From around 12:00 on March 12, reactor pressure decreased over around 6 hours.
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O From around 2:00 on March 13, reactor pressure rise
O From around 9:00 on March 13, reactor pressure decrease
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【Unit 3 Reactor water level, Reactor Pressure 3/3】

t1188887
タイプライターテキスト

t1188887
タイプライターテキスト

t1188887
タイプライターテキスト
⑩ From around 2:00 on March 13, reactor pressure rise
⑪ From around 9:00 on March 13, reactor pressure decrease
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Water level in the reactor was changed immediately after the scram due to the crash of void and maintained within the normal level thereafter. Since around 14:55, water level in the reactor was fluctuated periodically due to the opening/closure of safety relief valves. Water level was decreased gradually.
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Pressure in the reactor was decreased immediately after the scram. It was later increased due to the decay heat after the closure of the main steam isolation valve, however, it was fluctuated periodically due to the operation of main steam safety relief valves.
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Main steam safety relief valves (SRVs) were operated periodically since around 14:55. Regarding SRVs, it is estimated that initially the valve C was operated, however, later it was switched to valve G since it lost the working pressure due to frequent operations, and it was further switched to valve A since the accumulator of valve G lost its working pressure.
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Regarding main steam isolation valve, signals indicating the closure of inside and outside valves were transmitted.
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Regarding main steam flow rate, main steam isolation valve is closed thus the flow rate is zero (0). There was no increase of flow rate, and there is no evidence showing the leakage of the main steam.
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RCIC turbine Start
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Reactor water level high
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Operator Task Handover Journal - Appendix

Friday, March 11, 2011

1/

+ Time of Event

Operation

Contents

Earthquake Occurred Unit 3 Acceleration Horizontal: 507.0gal Up and Down: 231gal

14:47 (equivalent to Seismic intensity lower 6)
14:47 RxScrum *Successful
14:47 Main Turbine "Manual Trip" O - 3 "Automatically Open" LS -3 "Manually Open"
*Internal Switching Failed (Cause Unknown)
*D/G3A, D/G3B Start Successful
Feed Water Dead Stop, SW Dead Stop
14:51/15:15 Main Condenser Vacuum Break
14:54 Subcritical Confirmed
15:56 L-8
15:02 SW Pump B "Start"
15:02 S/P Water Temperature 32°C
| 15:06/15:25 |RCIC Quick Start/ L-8 Trip |
15:08 Reactor Mode SW "Stop"
15:15 P/C3SA Power Received (Power Received from P/C3D)
15:24/ 15:25 RPS M-G(A) "Start"/"Power Receive"
15:28/15:29 RPS M-G(A) "Start"/"Power Receive"
15:26 STr3A 3 Points at the Bottom Confirmed *Leakage point Not Detected
15:31 T/B Sump "P/L"
15:33 R/B Sump "P/L"
15:33 ANN "Leakage at Condenser Area" ANN Occurred *Damage by Tsunami
15:36 SW Pump B "Trip"
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Friday, March 11, 2011
2/

+ Time of Event

Operation

Contents

15:38 sBo |

15:42 Report under Article 10 (from Technical Support Center)

16:03 RCIC"Start" | R*Water Level: -500mm S/C Level: 150mm (Rise due to mini-flow valve open)

RCIC mini-flow valve "Close"

16:13 HPCI, RCIC Water Source Switching Prevention Lift

16:16 RCIC Injection Start RxWater Level: -900mm |

16:04 Ceiling Crane 3 staff rescued (5F No lights)

16:12 PNL9-3 ANN"D/W Pressure High"

16:24 Main Turbine EOP"Stop" (Except ESOP)

16:36 Report under Article 15 (from Emergency Measures Office)

16:45 Stack 3cps RxWater Level: -450mm  Reactor Pressure: 7.3MPa RCIC: 19L/s

16:55 R*Water Level: -150mm Reactor Pressure: 7.25MPa

17:06 Generator Disaster Prevention Equipment Start

17:12 Process Computer Monitor Power "Off"

17:13 D/W Pressure 130kPaabs  S/C Level: 200cm

17:41 Earthquake Occurred

17:48 ESOP "Stop"

17:30 Process Computer Room Emergency Lights "Off" (Removed the fluorescent lights)

18:45 Main Control - Fuel Change TEL®), Jack @ "Off"
19:08-19:11 Process Computer Power "Off"

19:16 Power "Off"

20:30 2nd Main Control EHC, T/D Panel Power "Off"

21:11 CRD Panel 9-27, 28 Power "Off"

21:27 Main Control Temporary lighting equipment, Main Control DC Lights "Off"
23:07-23:20 Vital Power Supply "Off" (Cable Volt Room)
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Saturday, March 12, 2011
1./

+ Time of Event

Operation

Contents

2:32 Main Control Room Clock Power "Stop"
2:45 Main Control Room Power Supply for Communication "Off]
3:27 D/D FP Pump "Activation Confirmation" (Activation Failed Cause Unknown)
4:03 HPCI Test Valve MO-23-21 "Open "Prevention Lift
8:11 AM Facility MO-111 "Fully Open"
8:52 NSS Side ANN Pilot Lump "All Out"
9:27 Stack Monitor D.S Confirmation No Power Supply
10:18 CST Supply LCV Bypass Valve "Open"
10:18 Unit 1 D/W Ventilation
11:13 RCIC MO-18, 19, 41 NFB "OFF"
1113 D/D FP Pump "Manual start at Site"(Confirmed) / "Stop"(Automatic start after Being Stopped at
) Main Control Room)
) D/D FP Pump "Emergency Stop" (Activated for Confirmation, but Did not stop. Stopped by
11:36
Emergency Stop PB)
11:36 RCIC Trip | Reactor Water Level: +200mm (W)
12:06 D/D FP Pump "Manually Activated"
12:35 Reactor Water Level L-2 Reactor Water Level: -1220mm (W)
HPCI Automatically Activated
12:40 FP No.2-3 Tie Valve (301, 22) "Close" (AM Panel Flow Rate Hunching Observed)
12:55 RCIC Vac Pump Trip (Cooling Water Valve MO-23-132 Close)
) D/D FP Pump Fuel Supply (Reception Valve Open, Supply only for the line) 172 T 195L Suction
14:00
Pressure: 0.02MPa
D/D FP Pump Suction Pressure: 0.02MPa Discharge Pressure: 0.35MPa
16:35 Water Level Rise Operation ~ +400mm (W)  Reactor Pressure: 2.86MPa
17:35-17:50 No.2 Light-Oil Tank D/D FP Pump Transfer Line Up (Integrator, Pump Bypass)
20:00 D/D FP Pump Fuel Tank 130L
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Saturday, March 12, 2011-
1/

= Time of Event

Operation

Contents

20:27 AM Panel D/W Pressure, S/C Pressure, S/C Water Level Indicator No Power Supply
20:36 Reactor Water Level Indicator No Power Supply Final Data Wide Range A System:
' 1350mm, Fuel Range A System: +400mm
20:57 Water Supply Control Equipment A Power "Off"
PLR Control Equipment A Power "Off"
ECCS Recorder Power "Off"
21:30 Site PI Instruction: D/W Pressure 170 kPa
3/13
) D/D FP Pump Light Oil Supply 70 T 110L Suction Pressure: OMPa  Discharge Pressure:
1:45
0.42MPa
2:42 HPC Stop |  Reactor Pressure: 0.58MPa
2:45 SRV Not Opened Reactor Pressure: 0.8MPa
2:55 SRV Not Opened Reactor Pressure: 1.3MPa
3:05 D/D FP Pump Injection into Reactor MO-10-27B  15% Open Probable Flowing Sound at 7%
Suction Pressure: 0 T 0.14MPa  Discharge: 0.4 T 0.61MPa
3:35 HPCI FIC Pilot Lump Off
3:37 RCIC Vac Pump Not Activated
3:39 HPCI AOP Stop
3:51 Rx Water Level Indicator (W) Indicator Power ON -3600mm
Rx Water Level Indicator (Fuel Range) Indicator ON -1600mm Reactor Pressure: 5MPa
Possibility of TAF
4:04 Rx Water Level Indicator (Fuel Range) -1600mm Reactor Pressure: 5.6MPa
4:06 HPCI Condenser Pump Power OFF
4:52 D/W Ventilation Valve AO-205 Temporary Outlet ON Valve: Fully Open Cylinder Pressure: O
5:08 S/C Spray Start MO-10-25B Close
5:08 RCIC Manual start/Stop Valve Close  RCIC Stop Valve Did Not Move|
510 Water Supply All Lost, article 15, Act on Special Measures Concerning Nuclear Emergency
' Preparedness
5:16 DTr Pump Megohmmeter Finished No Water Attached  Usability Confirmed
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0 14:47 Scram due to the earthquake
O It is estimated that the tsunami arrived past 15:30. Recording was finished presumably due to the tsunami.
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①14:47 Scram due to the earthquake
※It is estimated that the tsunami arrived past 15:30. Recording was finished presumably due to the tsunami.
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00 14:47 Scram due to the earthquake

O PCV temperature change caused by shutdown of PCV air conditioner due to power outage, output decrease

due to scram, and so on (Rapid temperature rise caused by such as pipe rupture was not shown.)
O Just after 15:30, it is considered that recorder suspended due to recorder's power source loss by tsunami
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①14:47 Scram due to the earthquake
② PCV temperature change caused by shutdown of PCV air conditioner due to power outage, output decrease due to scram, and so on (Rapid temperature rise caused by such as pipe rupture was not shown.)
※ Just after 15:30, it is considered that recorder suspended due to recorder's power source loss by tsunami arrival.
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① Rise of indication considered to be caused by increase of radiation dose in the site
② Measurement failure due to power source loss
※Recording was finished presumably due to power outage.
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3. Overview of Data Analysis of Unit 4

(1) Plant Data

Plant behavior represented by data collected from Unit 4 is shown as follows.

The chart of Unit 4 recorded data when the earthquake and tsunami attacked. However, due to the
loss of power sources and signals by the effects of inundation by tsunami, the chart stopped after
a certain period of time. The data of annunciator, was unavailable as the process computer of was
being replaced on the regular inspection. Regarding the operation log which is the record by the
operators on duty the records before the earthquake are kept, however, the records after the
occurrence of the earthquake are not complete with some parts missing due to the blackout and
working environment in such severe conditions. Data of transient phenomena of Unit 4were
unavailable either since the recorder was also being replaced.

(2) Plant Behavior

When the earthquake occurred, Unit 4 had been shut down under the regular inspection
since November 30, 2010. And all fuels were removed from the reactor to the spent fuel
pool, as replacement of shroud and other works were planned. (Attachment-4-1 6)
According to shift supervisor task handover journal, it was confirmed that the water level of
spent fuel pool was full (near overflow line) and the temperature of the pool was 27 ,
which was considered to be normal condition.
In addition, according to operator task handover journal, when the earthquake occurred,
on the reactor (well) side, the work to cut off the shroud was being conducted. The pool
gate was closed and the water level was full. After the earthquake, water level of the
reactor (well) side did not fluctuate significantly.
As offsite power was lost by the earthquake, one of the emergency diesel generators
which had been stand-by started (the other generator was stopped under regular
inspection). As Unit 4 was under regular inspection, and process computer the transient
phenomenon recorder were being replaced, no records regarding  seizing signals and
build-up of electric pressure were available. As fuel level of fuel oil tank (fuel day tank) was
confirmed to be decreased (as of May 21, 2011, oil level was decreased by 11mm from the
last regular test), etc., it is estimated that emergency diesel generator started and
successfully built-up its voltage and the necessary power was ensured.
According to the shift supervisor task handover journal and flow volume chart, pumps of
RHR (D) were operated for cooling of the spent fuel pool, and they stopped due to the loss
of offsite power, and the emergency diesel generator started. Regarding the restart of the
pumps of RHR, the condition was not considered to affect cooling fuels immediately with
the water level of spent fuel pool was full (near overflow line) and the temperature of the
pool was 27 before the earthquake, the restart was not conducted before the tsunami
reached. Pumps of RHR (A, C) were under regular inspection.

(Attachment-4-1, 4, 6, Annex-2)
Unit 3 and Unit 4 use an exhaust stack in common, and as explained in the data analysis

1F-4-1



of Unit 3, regarding a radiation monitoring for exhaust stack, the values recorded from
scram of reactor to the end of recording were stable and nothing abnormal were seen,
while some noises were measured on the monitor from scram of reactor.

According to the shift supervisor task handover journal, it was written that all alternative
power sources were lost at 15:38, and pumps of RHR did not work due to the loss of

power. (Attachment-4-7)
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Attachment-4-1
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-1
[Fukushima Daiichi Nuclear Power Plant Unit 3 and 4]

March 11, 2011, Friday, Shift 2, Shift Supervisor Task Handover Journal (2/3)

Unit 4

1. Operation Status

(1) Plant shutdown due to regular inspection, RHR (B) line emergency thermal load mode operation

2. Compliance status of safety regulation

Not particular

3. Periodic test

None

4. Requested work, non compliance event

| None |

5. Status of waste treatment facility

None

6. Others (Common)

None

1F-4-3



.

0. 1096

v-y-d1

i8
z

8
Tt

3-3. 4

LD

5038

M

iy

1R 4RI3E

P
&

OHAEIH (OB )

Fukushima Daiichi Nuclear Power
Station Unit 4 Operation Log [1]

[ xnatmnisr e BEmEseosasRg || N | emmswkeosisery || e
; 1 ™ [oes [ ama | 77 [men |- wazana | e | i
LN R R e TS
Y et L S oo o B M B |
i S ¢ A its it Sl i 2ates |4
g B 5% (1) TEEEEs =
g i &g | - = =4 =t ‘:-lvn;u: I
e s el e B
Solle 38 118 L olifie |2
o : mE 0 =
] e T s
1T L e i
o bl By - [ETZ AT
-l SR | M -~ VvV REEALE R
i miE Ty | = | O IEEETEN e é el & l
BaEHAMG | = - | - EOAR L L G Wik Ritam
BREN), g
awax [ oseiza [ os0awsa | snass | wines | 28 3,2621,120 i 9,120 TR 9.1331
o] S —— i : : : BFFCEBLTLESTH i L e
i : o
b A PO O BT REE sl e ;
] e e . . ; S o i B
el GH i e B R3S ifi B HSGHRTh e Bl Ak ®/EIEH 73.;}~{dnﬂa1m*5-uﬂm~:rﬁzf#sh&wHﬁunﬁiv
. i L
i 3 3 i [ [ BTN 3 § i e T .
% (1?:3 gi’ ‘;z ;: i%ﬁ@!:?;z = Ll Al HRRTAN I &mwmmﬁ%mﬁﬂmxt
alzgs {ve | 55| 1® s ey i s FLRH SRR D/NBFL D% DT [DT\WWMJ‘ FETTR DAYEHFL &
g ot s s ot mi dhi FO-57-1(8) - FO-10-547{ ¥ 081m’) FG-20-590( 09 1m’} FQ-70-2593 (% 0.18)
%k z ‘I‘ el ¢ SRNM  APRM ) PR = =
v | & 7N 0 R 0 O 0 M Y | 1 : avy|
L 1 Stem m © %0, N M e " : : i
‘ : - $ 15254 80e] Booont | e30350 | Bof33q (W
& [ 80 | wm 025 BE 95 =
e s iEs | omes | TEEE T g : i
{ B Y G fuieeise | Tt °'?:m n | eman ; HR-T-1A B0,/
s ; o G At
o114} - - - - - - - - ? 3 R . i7 i
o ey B T T
r e e I A AT pirirh BARaR
/ _ ; a W F e i T X i
[ s IR e Wihx10p00 HWh X 1,000 i WAk ® £0D0 Awh Remx | gte ] v x 1050 108
[ #3595 E A20F
! A -3 e T o4n4
1 ol
L # :
/ . = 39 o
/ BB o 9422.4 532.4 " 'eaz6 MRRESE
i : 244 2 ,,,g;i‘ff@’\f_ _
f;;{gi FARHEEW i i
% ; (SA3)+ (4B-3V4 (4A=1)+ (4B~ 1)+-(WHI-£3-2 % O.1) + (B ARA S~ R EB (4B NG H) = AWy
i : _ : CCUWARLE T
15 T e
Ha- j . S (AR REDEAS rawh 7*oa L
e
fLr EPEY | ]
[E4] 2-YoMARREGHORNE) L 1y Jmamm mﬂ!m mrmnmwn—a-u;
i Wz wumunnmunﬂunummmnn&ﬂmﬂauumwmaﬂ,q;
- e v-51 I Bl ot et THoEaL! 128
n SUR-30-1/203/2/% nwm:.ttuc!-\.-‘:*mfh
‘j—j ; ESDCREREED 2 | :
8 o b | BRN iwed | (3 SRAeumEER SO, TRALD. KT ERE NG
e s — ru-m.mmnunmmnwra
2. PTWHY REET~ LD WA RBCERT L, PR BESIPTWIERTY 3,
5, BRTRUN AL SEEQUEL A £ 5, (T O ARAD 90 il



t0784470
テキストボックス
添付資料－４ー2

X101M906
テキストボックス
Fukushima Daiichi Nuclear Power Station Unit 4 Operation Log [1]


2

.

0. 0056

20LI%E35 10 B (D)

S-v-dl

3]

5

TEPCOEES-1. 4

N

Hih

A

2011E 43738

| AREPBUS7 R REAEH12080KER | L -
BEE-RFIRER 458
. - =4 .
_ == =
IZE . At 74 iR
Operation log - Appendix ¢
ol & =4 (IR i i
3 i
NI 9,353807,120 9,120 9,31 18 56 a7 ey
LT ' (e B - - ————
» WHHAR SBORHHEO . 2 " ; 1 WFPEAFHFAORE)
E,E,E,E oo phtid i TR HrHES WRAEERAORE RERBLH : gfﬁﬁiw’“& SR | |
i T WARE 3 * . "
iR Rl e it FEPORRE RS T I, B e e R 2 ﬁﬁ&?&‘ﬂ i
Haamdn 12 18 14 15 16 17 i 19 20 21 22 23 24 25 ?f,@',;‘;;if?gé‘ﬁ,ng
% ® [ e & ® ® - [ [] [  CHOEL S s ® ® [) 5T e,
o i = * Py £ _ Tz " & & &
SROGWRL—FER Ty P E * x = SRNABBEDRE k- ix F x =3
]
1R2) Hia n = o E i Ex 1w L I+ h ® &
Ak i a b § h = pi] ® x X 1
o - 4 A h = b ] fi = B
& o £ L &
i x Ao | wa | am | we o B
# © © © T TH | MPa | MPa © Sty (e MPe | T [T wihxiapn T ivm wpetad | MPa }g‘m-t'ﬁﬂijﬁ
¥ 94 98 5 9-B 9-7 9-04 9-21 ‘5'4--&“ -4 : 231 i e -7
T TR-2-100 barnba i FR-s-93 Fr-50-1 Fhis i -y g‘*"““u:s & e §‘m‘ i M PI-5I-68 | Pi-Si-5
PID Gann Mo D230 [ex i3] D200 DzOf o048 Botz §031 5020 8033 8032 - [elilek} Gond i / —_ Toor Too4 :
L £ R R B A e L e e S R e R A R BV T P e T e et SR P t
1 o - 2o : - 1
; | tpue S 1 / j
3 el Lo f 1220 i /
4 o | R 74 i
; o el e ] |
& T ] 220 f !
7 ; L e / . 5 / r
E _ / 1220 / 5 /
9 " ; e HaEe / 2220 / KR
10 s i (220 / 4 o
RE _ s o / (228 / [ /
12 W / /R0 /
1 /’( o : s e 22O /
i f B e | /320 7 : ]
i g /1 / [aa) /
- = / / ' /
i / / /
s [ / /
18 / i /
dd i / / /
2k G / i) /
R RS / / /
- - / /
2



t0784470
テキストボックス
添付資料－４ー3

X101M906
テキストボックス
Operation log - Appendix


SRR R D [ B R
«— (BEE® 10mmh » 5
2 600mm/h)

Automatic switch to fast feed of
record paper (from 10 mm/h at
normal situation to 600 mm/h)

2011/3/11 12:00

i3

fH

2011/3/11 0:00
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Unit 4 RHR B/CS B/RCIC systems flow rate
4 5% RHR B/CS B/RCIC %#tit&E (1.2)
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O Unit 4 Reactor Water Level (For water filling, Wide range)]

(45 FEFFEKEE KRYA, 74 L2 Y]

LR-2-3-103
i BRFIPKAI OKsRVDA) Red: Reactor Water Level (For water filling)
% BRFIPKA (D4 RL>VY) Green: Reactor Water Level (Wide range)

O 1484 64y HIERA
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0 14:46 Occurrence of the earthquake
O (Sufficient water level is maintained after the earthquake)
O It is estimated that the tsunami arrived past 15:30. Recording was finished presumably due to the tsunami.
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Red: Reactor Water Level (For water filling)
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Green: Reactor Water Level (Wide range)
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①14:46 Occurrence of the earthquake 
　(Sufficient water level is maintained after the earthquake)
※It is estimated that the tsunami arrived past 15:30. Recording was finished presumably due to the tsunami.
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Attachment4-7
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-1
[Fukushima Daiichi Nuclear Power Plant Unit 3 and 4]

March 11, 2011, Friday, Shift 1, Shift Supervisor Task Handover Journal (2/3)

Unit 4

1. Operation Status

(1) Plant shutdown for regular inspection

(2) Loss of station power supply / report stipulated by article the act on special measures concerning nuclear
emergency preparedness (from Technical Support Center (TSC)) 15:38/15:42

2. Compliance status of safety regulation

abnormal, following articles are applicable

(1) Article 17 (procedures at the time of earthquake and fire)

(2) Article 113 (notice)

(3) Article 121 (report)

3. Periodic test

None

4. Requested work, non compliance event

None

5. Status of waste treatment facility Red colored is tentative data

None Report writing has not been

completed due to blackout.

6. Others (Common)

None

1F4-10



3. Overview of Data Analysis of Unit 5

(1) Plant Data

Plant behavior represented by data collected from Unit 5 is shown as follows.

The chart of Unit 5 recorded data when the earthquake and tsunami attacked. However, due to the
loss of power sources and signals by the effects of inundation by tsunami, the chart stopped after
a certain period of time. The annunciator output recorded for 2 minutes after the occurrence of the
quake. However, it stopped printing by some reasons. Regarding the operation log which is the
record by the operators on duty the records before the earthquake are kept, however, the records
after the occurrence of the earthquake are not perfect due to the blackout and working
environment in such severe conditions. Transient phenomenon recorder was replaced during this
regular inspection. Recording at the hour has been set to the system as the operation test of the
equipment itself (data collection from 5 minutes prior to each hour and to 30 minutes after the
hour). The recording at the hour was conducted before and after the quake (2:00 pm, 3:00 pm,
and 4:00 pm).

(2) Plant Behavior
Unit 5 had been shut down for under inspection since January 3, 2011. The plant was
under the pressure/ leakage test of RPV when the quake occurred. (Attachment-5-1 5)
The fuel was loaded to the reactor, and all the control rods were inserted. According to
shift supervisor task handover journal, the supervisor confirmed that the water level of
common pool was full (near overflow line) and the temperature of the pool was 24
before the earthquake occurred. That was a normal condition.
When the earthquake occurred, the pressure of the reactor had risen to 7.2 MPa and
remained the level because of the pressure/ leakage test.
After the quake, because the facilities which added pressure to the reactor for the
pressure/ leakage test stopped the operation due to the loss of power supply, the pressure
inside the reactor temporarily decreased. Later, the pressure gradually rose because of
decay heat and then the pressure inside the reactor maintained at the level of
approximately 8 MPa (assumed maximum pressure: 8.27MPa, designed pressure:
8.62MPa). At 6:06 am on March 12, 2011, which is the next day after the day of the quake,
the pressure inside the reactor pressure vessel was decreased by opening the valve on
the top of the RPV. (Attachment-5-5,6)
Two emergency diesel generators automatically started because the external power
supply was lost due to the earthquake. Because the external power supply was lost, Fuel
Pool Cooling and Filtering(Clean up) System also stopped its operation, though the
emergency diesel generator started. Regarding the pool cooling using RHR pump whose
power was supplied from the emergency diesel generator, it was confirmed that the water
level of the spent fuel pool was full (around the level of overflow) before the earthquake,
and that the water temperature of the pool was 24  before the earthquake. It was not the
case that the fuel cooling would face any problem in an early stage. Therefore, we did
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not conduct the cooling using RHR pump before the tsunami arrived. All external AC
power supply was lost at 3:40 pm due to the tsunami. Because of this, RHR pumps and
Core Spray pumps turned to be inoperative. One diesel generator kept working at Unit 6.
(Annex-2)
On March 13, 2011, temporary cables were laid from low-voltage distribution switchboard
of Unit 6, and the condensate pumps to transfer the water of Unit 5 were started receiving
power from the emergency diesel generator of Unit 6. After the depressurization, the
pressure inside the reactor gradually rose affected by decay heat. Since 5:00 am on
March 14, 2011, we have implemented depressurization using main steam safety relief
Valve in an appropriate manner (once the pressure rises to approximately 2MPa). In
parallel, we repeatedly injected the water to the reactor from condensate storage tank
using condensate water transferring pump, controlling the pressure and the water level
inside the reactor.
Later, the temporary pump using seawater was started to cool RHR on March 19, 2011.
Switching the system of RHR enabled cooling the spent fuel pools and the reactors by
turns, achieving the cooling both of the spent fuel pool and the reactor. The reactor
reached to the cold shutdown at 2:30 pm on March 20, 2011.
Radiation monitoring at the exhaust stack indicated stable values until the end of its
recording after the scram. Abnormal situation was not recognized. Although there was
gradual fluctuation from approximately 5:00 am on the following day, the rise was
considered to be affected by the rise of radiation level in the premise caused by other units
seeing that such a trend was also confirmed in Unit 3 and that the water level of the Unit
5's reactor was kept in the level to cover the fuels at the same time. (Attachment-5-7)
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Attachment-5-1
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-1
[Fukushima Daiichi Nuclear Power Plant Unit 5 and 6|

Shift Supervisor Task Handover Journal (1/3)

Shift Supervisor Task Handover Journal

[confirmed by ] Chief

engineer of reactors

[made and approved
[confirmed by]
. . Supervisor of next shift by]
March 11, 2011, Friday, 8:40, Shift 2, Group E Shift supervisor
No. of

On duty organizati Off duty None Support duty
6 (operator) on
- (instructor)
1 (trainee) 110 Replacement | None None

Unit5 | Generator OMWe Reactor in operation - start up * hot shutdown - - fuel exchange

Output Status
Unit 6 | Generator OMWe Reactor in operation - start up - hot shutdown * - fuel exchange
Output Status
Notes
Unit 5

1. Operation Status

(1) Reactor is shutdown for periodical inspection

(2) Water level lowering operation in Reactor Pressure Vessel (RPV) finished | - 710cm 21:24

(3) Residual Heat Removal (RHR) Pump (B) system, SHC mode stopped 7:44

(4) Water level elevating operation in RPV was started + 715cm 1 7:58

(5) Pressure rising in RPV was started + OMpa 1t 8:31

2. Compliance status of safety regulation

Not particular

3. Periodic test

None

4. Requested work, non compliance event

(1) Subject of Blow valve (V-37-22D-B1, 21A-B2)clogging at TCW Hx (B) sea water side

5. Status of waste treatment facility

None
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① pressure rising for pressure leak test of reactor pressure vessel
②14:46 Occurrence of the earthquake
③ Pressure drop caused by stop of machines as pressure supply due to power outage after earthquake
④ Gradual pressure rising due to decay heat
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⑤ Reactor pressure control by main steam safety relief valve
⑥ Reactor pressure reduction by opening the valveat the top of  reactor pressure vessel
⑦ Gradual pressure rising due to decay heat
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⑧ Gradual pressure rising due to decay heat
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⑨ Pressure reduction by main steam safety relief valve, after that repeat this action
⑩ Water level fluctuation due to pressure fluctuation
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Attachment-5-6
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-1
[Fukushima Daiichi Nuclear Power Plant Unit 5 and 6| [confirmed by ] Chief
Shift Supervisor Task Handover Journal engineer of reactors
[confirmed by] made ir;? approved
March 11, 2011, Friday, 21:00, Shift 1, Group A Supervisor of nextshift | o\ i supervisor
No. of
On duty organizati Off duty None Support duty
6 (operator) on
- (instructor)
1 (trainee) 110 Replacement | None Refer to attachment
Unit5 | Generator OMWe Reactor in operation - start up - hot shutdown * - fuel exchange
Output Status
Unit 6 [ Generator OMWe Reactor in operation - start up - hot shutdown - - fuel exchange
Output Status
Notes
Unit 5
1. Operation Status
|(1) Reactor is shutdown for a periodical inspection |
| (2) Completion of RPV pressure boost  17.15MPa | -9:19
(3) One CR withdrawal interlock test  Passed 10:07-10:13
(4) Control Rod Drive Hydraulic System function test (Scram test) T /abort 10:45/14:46
(5) Alarm “Huge Seismic Acceleration Scram” activated 14:47
(6) Reactor automatic scram 14:47
(7) 5A, 5B  D/G 1A/1B automatic start up/ synchronized 14:47
1(8) 5A. 5B__DIG trip — Loss of All A/C power 15:36_|
2. Compliance status of safety regulation
(1) Safety regulation, article 17 (procedures at the time of earthquake and fire)
- report to O&M general manager at the occurrence of earthquake with an intensity of more than lower 5 14:50
(2) Safety regulation, article 76 (basic procedures at the occurrence of abnormal event)
- report to O&M general manager at the occurrence of reactor automatic scram 14:50

(3) Safety regulation, article 113 (report)

- report to O&M general manager at the occurrence of specific event (loss of all A/C power ) stipulated by clause 1,
article 10 of the act on special measures concerning nuclear emergency preparedness 15:41

3. Periodic test

None

4. Requested work, non compliance event

None

5. Status of waste treatment facility

None
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①14:47 Scram due to the earthquake
② Channel B stop due to power outage
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③ indication rising presumably  by the influence of increase in radiation in the site
※Recording stop due to power outage
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3. Overview of Data Analysis of Unit 6

(1) Plant Data

Plant behavior represented by data collected from Unit 6 is shown as follows.

The chart of Unit 6 recorded data when the earthquake and tsunami attacked. However, due to the
loss of power sources and signals by the effects of inundation by tsunami, the chart stopped after
a certain period of time. The annunciator output recorded for about 1 hour after the occurrence of
the quake. However, it stopped printing by some reasons. Regarding the operation log which is the
record by the operators on duty the records before the earthquake are kept, however, the records
after the occurrence of the earthquake are not perfect due to the blackout and working
environment in such severe conditions. Transient phenomenon recorder of Unit 6 was shut down
under regular inspection, therefore no data were available.

(2) Plant Behavior
Unit 6 had been shut down under regular inspection since August 14, 2010. The fuel was
loaded to the reactor. The hatch of RPV was closed by bolts. The reactor was on the cold
shutdown status. All the control rods were inserted. According to shift supervisor task
handover journal, the supervisor confirmed that the water level of common pool was full
(near overflow line) and the temperature of the pool was 25 before the quake occurred.
That was a normal condition. (Attachment-6-1 5)
After the quake, the pressure inside the reactor gradually rose because of decay heat.
Because the shutdown period is longer than that of Unit 5, the rate is smaller compared
with that of Unit 5. Since March 14, 2011, like the case of Unit 5, reduction of pressure
inside the reactor pressure vessel was implemented by opening the main steam safety
relief valve of RPV. In parallel, we repeatedly injected water to the reactor from
condensate storage tank using condensate water transferring pump, controlling the
pressure and the water level inside the reactor. (Attachment-6-6, 7)
Three emergency diesel generators automatically started because the external power
supply was lost due to the earthquake. Because the external power supply was lost, RHR
system which was under operation with shutdown cooling mode and Fuel Pool Cooling
and Filtering(Clean up) System also stopped its operation, though the emergency
diesel generators started. Regarding the Pool Cooling and Shutdown Cooling System
whose power was supplied by the emergency diesel generator, it was confirmed that the
reactor was at the cold shutdown status, and that the water level of the spent fuel pool
was full (around the level of overflow), and that the water temperature of the pool was
25 before the quake. It was not the case that the fuel cooling would face any problem in
an early stage. Therefore, we did not conduct the aforementioned cooling before the
tsunami arrived. Later due to the tsunami, while two diesel generators were lost, one
diesel generator kept working. From this diesel generator, power which was necessary
to keep water supply function to the above reactor was supplied. However, RHR system,
Low Pressure Core Spray System, and High Pressure Core Spray System turned to be

1F-6-1



dysfunctional due to lost of power supply as well as disabled seawater pumps.

(Attachment-6-7, Annex-2)
Later, the temporary pump using seawater was started to cool RHR on March 19, 2011.
Switching the system of RHR enabled cooling the spent fuel pools and the reactors by
turns, achieving the cooling both of the spent fuel pool and the reactor. The reactor
reached the situation of cold shutdown at 7:27 pm on March 20, 2011.

(Attachment-6-1 5)

Unit 5 and Unit 6 use an exhaust stack in common. As described in the analysis of Unit 5,
radiation monitoring at the stack indicated stable values by the end of its recording even
though there was some noise after the reactor scram. Abnormal situation was not
recognized.
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Attachment-6-1
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-1
[Fukushima Daiichi Nuclear Power Plant Unit 5 and 6|

March 11, 2011, Friday, Shift 2, Shift Supervisor Task Handover Journal (2/3)

Unit 6

1. Operation Status

(1) Reactor is shutdown for periodical inspection  Residual Heat Removal (RHR) (B) system is in operation SHC
mode

2. Compliance status of safety regulation

| Not particular |

3. Periodic test

None

4. Requested work, non compliance event

(1) Sheet pass of water level Control valve of MGCW surge tank (LCV — 46 — 692)

5. Status of waste treatment facility

None

6. Others

None
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NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-2

Fukushima Daiichi Nuclear Power Station Unit6

Operator Task Handover Journal
Operator Task Handover Journal( 1,75 )

[Approved by]
Shift Supervisor
March 11, 2011, Friday Shift 1 Group A
Name of predecessor _ (Group A)
(Recorder)
(Group E)
Name of successor
i Cold
Reactor Status In Operation Start up Hot shutdown fuel exchange
shutdown
Reactor water level mm  S/P water level -14.9 cm SW pressure 033 MPa
Reactor water N
temperature C CST water level 729 cm RCW pressure 0.65 _ MPa
3 Reactor water 0.51
3 0.69 u Sfem TCW pressure MPa
0 | conductivity
c
2 | FPC temperature 25.0 C SW temperature 7.2 C
2| TR _ e
@
& | Skimmer water
1650 mm  RCW temperature 15.8 C
level
TCW temperature 8.3 C
»* By water level indicator when stopped (Sampled Time: 20:00)
Exception of interlock regarding LCO None
Operated time Content Result Status
RCW Hx (B) back h Pass+ | [Fing|-caution-in progress-
g x (B) backwas Fail cancelled
g 10:06~10:36 - S
g c back wash Pass- | |Finel-caution-in progress-
= TCW Hx (A) back was Fail cancelled
= : T
§2) q(f sk RCW Freshwater sampling before switching Hx Pa5§ Fine-caution-in progress
® o Fail cancelled
% - P
= 3 . o Pass- | |[Finel-caution+in progress-
= : TCW Freshwater sampling before switching Hx .
8 g 11115 ping g Fail cancelled
> U Pass|* | |[Fine|-caution-in progress-
o 9 .22-.10- " -~ i -
g g 10:33~10:44 | Automatic start-up test conducted for emergency seal oil pump Fail cancelled
P I Pass- | [Fine|-caution-in progress-
[ : SA compressor load switching (1—2 .
g 9:57 P 9 ( ) Fail cancelled
%1 . Pass- | Fine-cautionin progress:
Ferrous sulfate injected to ASW system Fail ,m‘
k1 Ferrous sulfate injected to MGSW system Pasg- Fine-cautionin progress-
Fail

‘RHR System B SHA mode In operation (flow rate: 440l/s)

Note

*k  Stopped as a countermeasure against TOC increase (Unit5)

*k 1 Stopped due to the earthquake

1F-6-13




Form-2

NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Fukushima Daiichi Nuclear Power Station Unit 6

March 11, 2011 ( Shift 1 ) Operator Task Handover Journal( 2.5 )

JUaAZ Jo awil - uonesado

Time Context Classification
. Main Control Room PNL (Back side, CP-32) ANN Test...pursuant to Ministerial Order

8:08 : O
issue 62

8:08~8:14 Main Control Room ANN test ---pursuant to Ministerial Order issue62 (@)

9:02~ C/D9DT New resin washing (Step5:RST—CRT) P

9:24~ Cleaning the controlled area P

9:55~10:08 FPC pump (B) ISOL P

10:02 FCS(B-1) Defect in recirculation flow rate meter ISOL P

10:04~10:30 M/D RFP(A) Vibration test for Motor for outflow valve of cooling water Others

10:08 FPC pump (B) NFB “OFF” P

10:53~11:00 T/B North side of HVS H/C cut O
H/B(A) 11.4t/h |

10:55 Switching of feed water heater from (A)—(B) (o)

11:00~11:07 T/B South side of HVS H/C cut

11:07~11:18 RW/B HVS(A), E.SWGR(B)H/C cut o)
H/B(A) | 8.5t/h

11:07~11:17 RWCU recovery Hx by-path valve “Full open” (RWCU SHC operation) (@)

11:20 RWCU outflow valve (F042) “Full open”  Due to RHR(B)SHC stop

11:09 D/G Power of priming pump for lubricant oil 6A “On” P

11:12~12:28 D/G Priming pump for lubricant oil 6A T/R P

12:29~12:30 D/G ISOL resumed P

12:30 D/G 6A INOP “Deactivated” Others

13:38~13:42 H/B Chemical dissolution Morpholine 70m|  Undiluted solution tank 52—51L P

13:56 RHR pump(B) stopped SHC stopped Reactor water temperature 26C° (@)

13:59 RHR(B) pressure valve(FO85B) “Open” (o)

14:08 RW/B HVS(A)H/C blow e}

14:09 Cooling water injection to OG air conditioning system (o)

14:29 T/B  South side of HVS H/C blow (o)
M : MRF issued N : Non compliant report R : Regular Test + Switching

Notes ~  on| g operation

classification P:PTW RW:R/W related Mon : Monitoring Others :

Others
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Attachment-6-6
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-2

Fukushima Daiichi Nuclear Power Station Unit6

March 11, 2011 ( Shift1 ) Operator Task Handover Journal( 3,5 )

Time Context Classification
14:40 T/B  North side of HVS H/C blow O
14:46 Occurrence of the earthquake (Magnitude 9.0 offshore of Miyagi pref.) Intensity 6 Other

upper at Hamadori

ANN [SYSTEM A REACTOR AUTO SCRAM| generated

ANN [SYSTEM B REACTOR AUTO SCRAM] generated

RHR pump(B) tripped:--Under surveillance prior to activation (S/C cooling line)

RHR pump(B/D) tripped

RWCU isolation

CRD pump (B) “Manually stopped”

LPCP(A), HPCP(C) tripped

ASW pump(B/C) tripped

TCW pump(B) tripped

CWP(A/B/C) tripped

14:47 D/G(HPCS, 6A, 6B) Automatic start-up/Synchronized

PLRMG EOP(A/B) stopped

Fire alarm activated---Confirmed all the lights off by resetting

O
8 15:33 DTr pump(B) stopped:--Pure water all stopped (o)
8
g' 15:36 Fire alarm activated(D/G room 6B)---Resetting failed o)
= 15:36 HPCS, 6AD/G tripped (SW pumps were flooded by tsunami) Other
5
g 15:36 M. Tb MSOP, TGOP, EOP stopped o)
FI'IN 15:36 RFP-T(A/B) EOP stopped O
&
= 15:45 Unit6 regular inspection ancillary device ~ Main control room standby confirmed Other
15:45 Unit5 reported pursuant to article 10 Other
15:52 SGTS(A) Trip confirmed (No power) Other
16:36 Reported pursuant to article 15 of Act on Special Measures Concerning Nuclear Other
Emergency Preparedness
16:41 ANN"T/B B1LF CONDENSER AREA LEAK DETECTION" occurred Other
17:04 ANN "IA COMP DICSH AIR TEMP HIGH" occurred Other
17:10 ANN "IA RECEIBER PRESS LOW" occurred Other
19:12 RCW pump(B) stopped---RCW all stopped le)
19:14 D/G6B frequency adjustment 50.6—50.0Hz (o)
M : MRF issued N : Non compliant report R : Regular Test + Switching
Notes 0N | o Operation
classification P:PTW RW:R/W related Mon : Monitoring Others :
Others
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Attachment-6-6
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-2

Fukushima Daiichi Nuclear Power Station Unit6

March 11, 2011 ( Shift 1 ) Operator Task Handover Journal( 4,5 )

Time Context Classification
. ANN "TURBINE MAIN OIL TANK LEVEL HIGH” Cleared

21:27 Level: Gradually decreasing from +100mm Others
=
)
>
L
©
()
£
|_
c
Q
©
)
o
o

M : MRF issued N : Non compliant report R : Regular Test + Switching
Notes ~  on| g operation
classification P:PTW RW:R/W related Mon : Monitoring Others :
Others
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Attachment-6-7
NM-51-4 1F-F1-001 Manual of writing a Task Handover Journal
October 1, 2008 (11)

Form-1
[Fukushima Daiichi Nuclear Power Plant Unit 5 and 6|

March 11, 2011, Friday, Shift 1, Shift Supervisor Task Handover Journal (2/3)

Unit 6

1. Operation Status

(1) Reactor is shutdown for periodical inspection

(2) DIG 6A standby (completion of maintenance of lubricant oil priming pump) 12:30
(3) Stoppage of RHR pump(B) system SHC mode 13:56
(4) Alarm “SEISMIC MONITORING TRIP” occurred 14:46
(5) Alarm “SYSTEM A/B REACTOR AUTO SCRAM” occurred 14:46
(6) 6A, 6B, HPCS D/G 1A/1B automatic start up/synchronized 14:46
(7) 6A, HPCS D/G trip 15:36

2. Compliance status of safety regulation

(1) Safety regulation, article 17 (procedures at the time of earthquake and fire)

- report to O&M general manager at the occurrence of earthquake with an intensity of more than lower 5 14:50

(2) Safety regulation, article 76 (basic procedures at the occurrence of abnormal event)

- report to O&M general manager at the occurrence of reactor automatic scram 14:50

3. Periodic test

None

4. Requested work, non compliance event

None

5. Status of waste treatment facility

None

6. Others

(1) Occurrence of the earthquake 14:46

Intensity of upper 6: Futawa Town (Shinzan), Okuma town (Nogami, Shimonogami), Tomioka town (Motooka),
Naraha town (Kitada)

(2) Alarm warning for huge Tsunami 14:58

1F-6-17



3. Overview of Data Analysis of Common Pool

(1) Plant Data

Plant behavior represented by data collected from common pool is shown as follows.

The chart of common pool recorded data when the earthquake and tsunami attacked. However,
due to the loss of power sources and signals by the effects of inundation by tsunami, the chart
stopped immediately after the earthquake or after a certain period of time. Regarding the operation
log which is the record by the operators on duty the records before the earthquake are kept,
however, the records after the occurrence of the earthquake are not perfect due to the blackout
and working environment in such severe conditions.

(2) Plant Behavior

Before the occurrence of the earthquake at 14:46 on March 11, 2011, the data of common
pool indicated normal conditions, keeping the fuels stored stably with temperature of
approximately 30 . According to shift supervisor task handover journal, the supervisor
confirmed that the water level of common pool was full (near overflow line) and the
temperature of the pool was 34 . That was a normal condition.

(Attachment-common-1, 2)
Water temperature gauge of the pool stopped recording immediately after the quake due
to the loss of power source resulted from the quake. Immediately after the quake, the
pump to cool the fuel pool stopped its operation due to the loss of power, though the
emergency diesel generator started. The pumps to cool the fuel pool can receive power
from the emergency diesel generators of Units 2 and 4. The reboot of the pump to cool the
fuel pool using the power supply from the emergency diesel generator was not
implemented before the tsunami’s arrival, because it was confirmed that the water level of
fuel pools was full before the quake (around the level of overflow) and that the water
temperature of the pool was approximately 34 . The pump to cool the pool was not able
to be started due to the loss of power supply after all the AC power supply was lost due to
the tsunami. Because of this, the water temperature of the pool was considered to have
risen, though it is confirmed at the site on March 18, 2011 that the water level of the
common pool was secured, and that the water temperature was 55 (around 11:00 am on
the same day). Because the power supply was restored on March 24, 2011, the pump to
cool the fuel pool was started at 18:05 on the same day. Since then, the pool has been
kept cooled stably.
Radiation monitoring for exhaust air of spent fuel pool indicated stable values until the end
of its recording after the earthquake. Abnormal situation was not recognized.

(Attachement-common-3)
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20084210 A 1 H (D

-1
[REE T HRER 3 - 4548 Major test items
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FE23% 38 11H £MEA (2@ LEESI#AZE (3.73)
Test items Test frequency 3 5 4 5 Notes
Core Minimum Fraction of
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1/shift
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2 (CMFLPD) 1@/@ 0. 93
1/shift
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1/shift
Spent fuel pool highest
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1/shift
Spent fuel pool water Around Around
5 |- 1E/HE overflow water | overflow water
level status level
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status
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Annex-1

Reactor core conditions of Units 1to 3
of Fukushima Daiichi Nuclear Power Station
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1. Introduction

Due to the Tohoku-Chihou-Taiheiyou-Oki Earthquake centered off the coast of Sanriku
which occurred on March 11, 2011, Units 1 to 3 of Fukushima Daiichi Nuclear Power Station
got into conditions beyond which design basis events went by far and which exceeded
extent of multiple breakdowns assumed in the preparation for accident management
measures. The conditions resulted in an accident that no Emergency Core Cooling System
of Unit 3 and other neighboring units worked or stopped working and failure of all AC
sources occurred and continued. In order to stabilize and restore the accident in the future,
we think it is important to understand how events of the plant have been going since the
earthquake and what current conditions of the plant are like.

On April 25, 2011 we received an instruction document from Nuclear and Industrial
Safety Agency (NISA) titled “Collection of Report on the Section 1 of the Article 67 of Act on
the Regulation of Nuclear Source Material, Nuclear Fuel Material and Reactors” (April 24,
2011 NISA No.1). On May 16, 2011, based on the instruction document, we collected as
many plant data as possible at the time of the earthquake, sorted them and reported to NISA.
Based on the above mentioned information on equipment status and operations at the early
period when the earthquake occurred, we have evaluated plant status and sorted the
information by means of Modular Accident Analysis Program (hereinafter called “MAAP”).

We have had this analysis result from an analysis on information obtained when we
made out this report and on required conditions for the analysis under estimates and
assumptions. There is extremely great uncertainty in the analysis result. Therefore, as we

proceed with investigation of causes, we may have a widely different result from this one.

2. Summary of Evaluation Result

As a result of an analysis by means of MAAP code, we have obtained an analysis result
that after an isolation condenser system (hereinafter called “IC”) of Unit 1 of Fukushima
Daiichi Nuclear Power Station (hereinafter called “Unit 1”) was assumed to stop, reactor
core damage began at the relatively early period and then the reactor pressure vessel
resulted in breakage.

In Unit 2 of Fukushima Daiichi Nuclear Power Station (hereinafter called “Unit 2”) and
Unit 3 of Fukushima Daiichi Nuclear Power Station (hereinafter called “Unit 3”), though
reactor core damages began as water levels of reactors decreased due to decline in a
function of Reactor Core Isolation and Cooling System (hereinafter called “RCIC”) and High
Pressure Coolant Injection System (hereinafter called “HPCI”), we have had an analysis
result that reactor cores in reactor pressure vessels were finally maintained. However, we

have had another analysis result that core damages further increased and then reactor



pressure vessels resulted in breakage in case actual water levels were lower than those of
reading and bottoms of active fuel.

According to current plant parameters of Units 1 to 3 such as temperatures of their
reactor pressure vessels, temperatures changes indicate most of heat sources (fuel) are
supposed to be located in their reactor pressure vessels. We think that, even if reactor
pressure vessels may be damaged, damages are estimated not to be larger than those
obtained from the analysis result. Therefore, we consider the analysis result is stricter than
in reality.

Hence, we have evaluated that melting of substantial quantities of pellets in reactor
cores of any plants has increased and figures and locations of reactor cores have been
significantly changed, judging from both this analysis result and this consideration of plant
parameters.

According to current temperatures near reactor pressure vessels, we think such events

as leaks of huge quantities of radioactive materials will develop in the future, as we have

sufficiently cooled down currently.



3. Analysis and evaluation regarding condition of reactor core
3.1 Unit 1 of Fukushima Daiichi Nuclear Power Station

3.1.1 Analysis condition

Principal conditions of analysis regarding Unit 1 of Fukushima Daiichi Nuclear Power Station
are shown in the Table 3.1.1 and 3.1.2.
We implemented the analysis regarding leak from Primary containment vessel and IC based

on the assumptions below.

Assumption of the gas phase leak from Primary containment vessel

In the analysis, we presumed that a leak (about 3 cm) from gas phase of Primary
containment vessel (dry well, hereafter called “D/W”) occurred 18 hours after the
earthquake occurred, in order to accommodate the figure to the actually measured
pressure of primary containment vessel to an extent.

However, as it is just an assumption for analysis, it is unclear whether a leak from D/W
occurred actually, or it is a mismatch of measured figure and analyzed figure caused by

the problem of the gauge.

Observation of the operating condition of IC

As the operating condition of IC after outage of all AC power is still unclear, we did not
presume the operation of IC after outage of all AC power in the analysis. In addition, we
also analyzed the case that IC temporary operated after outage of all AC power as a
sensitivity analysis.

We presumed that one side of the system of IC has operated intermittently before outage
of all AC power, as reactor pressure has been fluctuated below the set pressure level

(about 7.4MPa[abs]) for operation of safety relief valve (hereinafter called “SRV”) as well.

Table 3.1.1 Plant Conditions

Items Conditions
Initial reactor output 1380 MWt (rated power output)
Initial reactor pressure 7.03MPalabs] (normal operation pressure)
Initial reactor water level Normal level
Open space volume of primary D/W open space : 3410m*
containment vessel S/C open space : 2620m®
Suppression pool water volume 1750m*




Explanatory notes o Records available

Table 3.1.2 Events

Estimates based on records o Assumption used on analysis

Analysis Condition

In case of o Referred part of the records

No Time and Date Analyzed Events Classification Notes In case of or o Estimated, presumed
reasons etc.
1 | May 11th | 2:46 pm | Earthquake occurred @
2 2:46 pm | Reactor scram occurred Report on May 16th, 4. Operation daily, Handover diary of
° shift supervisor
3 2:47 pm | MSIV closed Report on May 16th, 4. Operation daily, Handover diary of
° shift supervisor
4 2:52 pm | IC(A) (B) activated Report on May 16th, 3. Data of records on alarm generation,
automatically ° Alarm timer
5 Around | IC(A) stopped It is assumed that IC stopped based on 6.The record of
3:03 pm transient recorder described the report on May 16th.
6 Around | IC(B) stopped Same as above
3:03 pm
7 3:17 pm | IC(A) restarted Estimated behavior of IC based on the transition of reactor
pressure (described in 2.Record of the chart in the report on
May 16™) 1
8 3:19 pm | IC(A) stopped Same as above
3:24 pm | IC(A) restarted Same as above
10 3:26 pm | IC(A) stopped Same as above




11 3:32 pm | IC(A) restarted Same as above
12 3:34 pm | IC(A) stopped Same as above
13 3:37 pm | Outage of all AC power Report on May 16th, 4. Operation diary, Handover diary of
occurred shift supervisor
14 6:10 pm | IC(A) system 2A, 3A valve It is described in 7.operation record in the report on May16,
opened, and steam generation however, we presumed in the analysis that the function of IC
was confirmed has been lost since outage of all AC power 2
15 6:25 pm | IC(A) system 3A valve was Same as above
closed
16 9:19 pm | The lineup from Diesel Driving Same as above
Fire Protection Pump (D/D-FP)
was implemented.
17 9:30 pm | IC 3A valve was opened Same as above
18 9:35 pm | Regarding IC, water was Same as above
supplied from D/D-FP
19 | May 12th | 1:48 am | Regarding IC, D/D-FP stopped Same as above
supplying water by pump
trouble, not by fuel run-out
20 5:46 am | Injection of fresh water by the Report on May16th, 7. Operation records 3
fire pump started
21 2:30 pm | Regarding the containment Report on May16th, 7. Operation records

vessel vent, operation of AO

valve of suppression chamber

We presumed that the success of vent is at 2:30pm, time

when a pressure decrease was confirmed.




side was implemented at
10:17am, and a pressure

decrease was confirmed at

2:30pm.

22 2:49 pm | Vent  valve of  primary We presumed the event based on the pressure increase of
containment vessel was closed primary containment vessel

23 2:53 pm | Injection of fresh  water Report on May16th, 7. Operation records
terminated °

24 3:36 pm | Explosion of reactor building of Report on May16th, 7. Operation records

Unit 1 occurred

25 8:20 pm | Injection of sea water started o Report on May16th, 7. Operation records 3

1 There are unclear points on the behavior of IC before outage of all AC power, however, reactor pressure fluctuates between about 6.2 to
7.2MPalabs] based on the 2.Records of charts in the report on May 16th, we presumed that the one of the system of IC has operated
intermittently, as set pressure of SRV no.1 relief valve is 7.4 MPa[abs], and reseating pressure is 6.9MPa[abs].

2 There are also unclear points on the operation of IC after outage of all AC power, however, we presumed that the function of IC is lost as
we only have the insufficient amount of record which show IC is functioning.

3 We set up the injection amount of water and the time we changed the amount based on the daily injection amount described in 7.Operation

records of the report on March 16th, in order not to exceed the daily average injection amount and total injection amount.




3.1.2 Analysis Result
Table 3.1.3 shows the result of analysis based on the condition shown in 3.1.1. And from
Fig. 3.1.1 to Fig 3.1.12 show the result of analysis about the trend of reactor water level etc.

Table 3.1.3 Summary of Analysis Result on Unit 1

ltem Analysis Result
Start of reactor core exposure Approx. 3 hours after earthquake
Start of reactor core damages Approx. 4 hours after earthquake
Start of reactor pressure vessel damages Approx. 15 hours after earthquake

The detail of analysis result is as follows.

The reactor water level comes at the top of active fuel (hereinafter called TAF)
approximately 2 hours after assumed timing of IC stop, and then the reactor core has been
broken (see Fig. 3.1.1).

After the earthquake occurred, the actual data of reactor water level was changing within
the fuel range. It differs dramatically from the analysis result, but the analysis result shows
that the reactor pressure vessel has been broken, so that it is impossible to keep the reactor
water level in the reactor pressure vessel. Regarding this matter, there is a possibility that
the correct level is not shown because the water in the level gauge boiled away as the
temperature of the primary containment vessel rose high. About Unit 1, after calibration of
level gauge, it is confirmed that the water level is under fuel range.

Regarding reactor pressure, after assumed timing of IC stop, the reactor pressure
increases, but it remains around 8MPa because of the Safety Relief Valve. After the timing
of reactor core damage, the melting pellet move to the lower plenum, and then after 15
hours from the earthquake occurrence, the reactor pressure vessel has been broken and
the reactor pressure decreases rapidly (see Fig. 3.1.2).

The pressure of Primary containment vessel temporary increases because of the steam
which is discharged from the reactor pressure vessel and hydrogen gas which is formed by
the reaction of water and metal in the reactor, but after that the pressure decreases because
of the leakage from the Primary containment vessel which is assumed at the analysis, and
then it decreases rapidly by the vent operation on Mar. 12 (see Fig. 3.1.3).

By the way, at the beginning the measured pressure of Primary containment vessel is
higher than the analysis result, the reasons are assumed that some kind of situation with the
discharge of steam from the reactor pressure vessel occurred such as that the
instrumentation pipe in the reactor was broken at the beginning of reactor core damage and
then steam was flowed into the vessel, or that the sealing capability of a gasket used at the
main steam system was lost because of high temperature, however currently the cause is
unknown including whether it is a problem of measurement equipment or not.



Regarding the assumption about the leakage of the Primary containment vessel, at the
time after 18 hours of the earthquake occurrence when the leakage is assumed, the Primary
containment vessel temperature is over 300 degree C, which well exceeds the designed
temperature of the vessel (138 degree C). There is an knowledge by the past power sector
cooperated study, it says that, there is a possibility for the gasket to damage such an
over-temperature condition, so that if the leakage from the vessel is true, the damage of
gasket by over-temperature is assumed to be one of the reason. And also regarding the
assumption of leakage from the vessel after 50 hours of earthquake occurrence, according
to the behavior of the vessel temperature by analysis that remains high temperature( see
Fig. 3.1.5), it is assumed to be one of the reason that the leakage points increase gradually.

Although the water injection to the reactor starts at 14 hours after the assumed timing of
IC stop, but until that the fuel melts by the decay heat and moves to the lower plenum, and
then the reactor pressure vessel damage after 15 hours of earthquake occurrence (see Fig
3.1.4 and Fig 3.1.9).

Regarding the fission products which are discharged by the reactor core damage
(hereinafter called FP), the noble gas is almost discharged to the atmosphere by the vent
operation. According to the analysis result, approximately 1% discharge for cesium iodide
and under 1% discharge for other materials (see Fig 3.1.7 and Fig 3.1.8). Also regarding
Plutonium, it belongs to UO, group as PuO,, the analysis result said that the discharge rate
is under 107,

Regarding hydrogen production, the hydrogen is produced at the same time of the timing
of reactor core damage start, it is possible that the cause of explosion on Mar. 12 is the
hydrogen produced in this time (see Fig. 3.1.6).

Regarding IC, it is not sure about the action after Tsunami arrival, we analyzed about a
case under assumption that IC is temporary working (from approx. 6:00 pm, Mar. 11 to
approx. 2 am, Mar. 12, assume half line was working). The behavior of the reactor water
level is similar although the absolute value is different (see Fig. 3.1.10). However, based on
this assumption, the Primary containment vessel pressure shows perfectly different behavior
from measured value (see Fig.3.1.11), it is impossible to clear up by this analysis about the
action of IC after outage of all AC power. Because the water level also cannot be kept in the
fuel range in this sensitivity analysis of IC, so that it means the reactor core damages (see
Fig.3.1.12).

This evaluation is implemented based on the analysis using MAAP code; it has some
uncertainty on the determination of analysis condition and on the analysis model, so that it is
necessary to take notices that the progresses of phenomenon as the result also have some
uncertainty. Especially, the amount of discharged FP receives a great amount of influence
from these uncertainties, so that the data should be used as a reference.



3.1.3 Evaluation Result

As previously mentioned, we have had an analysis result that, after failure of all AC
sources (arrival of the tsunami), reactor core damages began at the relatively early period
and the reactor pressure vessel has resulted in breakage. However, we consider the
analysis result is stricter than in reality, when we refer to plant status estimated from
temperatures in each part etc. in the following pages.

When we could measure temperatures in each part, those of reactor pressure vessels
were above 400 degrees Celsius in multiple measuring points. We think that at that time,
though the condition of insufficient cool-down to the reactor core had continued, they have
then sufficiently cooled down since we sprayed water through the feed-water line and, due
to the secured water spray to the reactor, temperatures in each part suddenly decreased.

In addition, as a result of calibration of the water-level gauge, we have found that the
water level in reactor pressure vessels is not within fuel ranges.

On the other hand, we think that most of fuel is cooled down in the reactor pressure
vessel, because we can still measure temperatures in CRD housing etc. at the lower reactor
pressure vessel (if the reactor pressure vessel is damaged, we may not be able to measure
temperatures) and temperatures of the steel of the reactor pressure vessel currently change
around between 100 degrees Celsius and 120 degrees Celsius and correlate changes in
amount of water spray in multiple measuring points and temperatures in multiple points of
the upper reactor pressure vessel are higher and their heat sources are estimated to come
from the inside of the reactor pressure vessel.

Hence, according to the analysis and plant parameters (temperatures near the reactor
pressure vessel), we think that the reactor core has been significantly damaged, but moved
below or dropped to the lower plenum from the fixed position of fuel loading and most of it
can be stably cooled down around there.
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3.2 Unit 2 of Fukushima Daiichi Nuclear Power Station
3.2.1 Analysis condition

Principal conditions of analysis regarding Unit 2 of Fukushima Daiichi Nuclear Power
Station are shown in the Table 3.2.1 and 3.2.2.
We implemented the analysis in two cases below, and regarding a leak from primary

containment vessel and IC, we implemented the analysis based on the assumptions below.

Cases of analysis
Case 1 In order to accommodate to the measured figure of reactor water level, we
presumed less the amount possible to maintain the reactor water level, not using
the flow volume of discharge side of the fire pump.
Case 2 Based on the premise that it is impossible to maintain the reactor water level in the
fuel range, we presumed the injection amount to maintain slightly below the level
of the fuel range, not the flow volume of discharge side of the fire pump.

Assumption of the gas phase leak from Primary containment vessel

In the analysis, we presumed that a leak (about ¢p10 cm) from gas phase of Primary
containment vessel (D/W) has occurred 21 hours after the earthquake occurred, in order to
accommodate the figure to the actually measured pressure of Primary containment vessel
to an extent. We also presumed a leak (about @10 cm) from gas phase of Primary
containment vessel since an allophone occurred near the suppression chamber (hereinafter
called “S/C”) on May 15th.

However, as it is just an assumption for analysis, it is unclear whether the leak from D/W
occurred actually, or it is a mismatch of measured figure and analyzed figure caused by the
problem of the gauge.

Table 3.2.1 Plant Conditions

Items Conditions
Initial reactor output 2381 MW (rated power output)
Initial reactor pressure 7.03MPa[abs] (normal operation pressure)
Initial reactor water level Normal level
Open space volume of primary D/W open space : 4240m*
containment vessel S/C open space : 3160m>
Suppression pool water volume 2980m°
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Table 3.2.2 Events

Explanatory notes o Records available

Estimates based on records o Assumption used on analysis

Analysis Condition

In case of o Referred part of the records

No Time and Date Analyzed Events Classification Notes In case of or o Estimated, presumed
reasons etc.
March 11th | 2:46 pm | Earthquake occurred o
2 2:47 pm | Reactor scram occurred Report on May 16th, 4. Operation daily, Handover diary
° of shift supervisor
3 3:02 pm | RCIC activated manually o) Report on May16th, 7. Operation records
3:28 pm | RCIC tripped L-8 o Same as above
5 3:41 pm | Outage of all AC power occurred Report on May 16th, 4. Operation daily, Handover diary
° of shift supervisor
6 March 12th | 4:20 am | Changed the water source of Report on May16th, 7. Operation records
-5:00 am | RCIC from condensate storage o
tank to suppression chamber
March 14th | 1:25 pm | RCIC stopped ) Same as above
4:34 pm | Started the operation of pressure Same as above
reduction of Reactor Pressure o
Vessel SRV1 valve open
4:34 pm | Started the injection of sea water Report on May16th, 7. Operation records 1
through the fire protection o
system
9 Around | Confirmed the decrease of the o Report on May16th, 7. Operation records




T¢

6:00 pm

reactor pressure

10 7:20 pm | The fire pump stopped resulted Report on May16th, 7. Operation records 1
from fuel run-out
11 7:54 pm | The fire pump activated Report on May16th, 7. Operation records 1 2
7:57 pm | The second fire pump activated Report on May16th, 7. Operation records 1
12 9:20 pm | By opening SRV2 valve, reactor Same as above
pressure decreased and water
level recovered
13 Around | It is presumed that the SRV1 As reactor pressure increased at around 11:00pm, it is
11:00 pm | valve was closed presumed that the SRV1 valve was closed at this time.
14 | March 15th Around | An allophone has occurred near From the press release of Tokyo Electric Power
6:14 am | the suppression chamber, and Company http://www.tepco.co.jp/index-j.html

the pressure inside decreased

1 There is a possibility that the certain amount of sea water was injected since 4:34pm, March 14th based on the record of 7:20pm, March

the water level has rose since then.

14th which describes “The fire pump has stopped”, however, we presumed 7:54pm, March14th as the time which started the injection, as

2 We set up the injection amount of water and the time we changed the amount based on the daily injection amount described in 7.Operation

records of the report on March 16th, in order not to exceed the daily average injection amount and total injection amount.




3.2.2.1 Analysis Result (Analysis Case 1)
Table 3.2.3 shows the result of analysis based on the condition shown in 3.2.1. And from

Fig. 3.2.1.1 to Fig 3.2.1.10 show the result of analysis about the trend of reactor water level

etc.
Table 3.2.3 Summary of Analysis Result on Unit 2
ltem Analysis Result
Start of reactor core exposure Approx. 75 hours after earthquake
Start of reactor core damages Approx. 77 hours after earthquake
Start of reactor pressure vessel damages (reactor pressure vessel damage did not
occur in this analysis)

The details of analysis result are as follows.

The reactor water level gradually comes down after RCIC stop and the reactor core
starts exposed, and the reactor core exposed perfectly by opening SRV and the reactor
core damage starts (see Fig.3.2.1.1). Although the water injection starts approximately at
the same time, but in this analysis, because the water injection flow is assumed that it is
commensurate with the reactor water level indicated by measurement equipment, so that
the water injection flow is not enough and the water level is remained around a half level of
the reactor core range. Therefore, the reactor core is damaged.

The reactor pressure is kept high around the pressure of SRV action until RCIC stops.
By SRV open after RCIC stop the reactor pressure decreases rapidly, after that go down to
around atmosphere pressure.

During the action of RCIC, the measured value of the reactor pressure is lower than
analyzed value, it means it is an possibility that the leak path was formed through SRV to
S/C, but currently it is not sure whether there is an actual path or it is only a problem of
measuring equipment. The behavior of analyzed value and measured value is almost
consistent after SRV open (see Fig.3.2.1.2).

The pressure of Primary containment vessel increases with the increase of suppression
pool water temperature, but because the leak from the Primary containment vessel (D/W)
is assumed, the increase from earthquake occurrence becomes slow which is same as
measured value. After that, temporary increase of pressure occurs by SRV open on Mar.
14, and then at the measured value, the pressure changes decrease. Also regarding the
analysis, the analysis was implemented on the condition that the timing of the irregular
sound noticed near S/C on Mar. 15 is set as a boundary; it means a leak is occurred at the

vapor phase part of S/C at this moment (see Fig. 3.2.1.3).
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Regarding the assumption of leak from the Primary containment vessel, considering that
the vessel temperature is already exceed designed temperature at the timing of
assumption, the increase of leak from the vessel which is caused by the influence of
over-temperature could be assumed as one of the reason (see Fig.3.2.1.5). In case there is
no assumption of leak for the vessel, the vessel pressure should reach 2Pd (twice of
designed pressure) in relatively early (see Fig. 3.2.1.10). And after the moment of irregular
sound noticed near S/C the pressure decrease rapidly, also the leak is assumed in the
analysis, however currently it is not sure whether there is an actual leak on the vessel or it
is only a problem of measuring equipment.

Regarding reactor core temperature trend, after RCIC stop, the temperature increase
with the decrease of reactor water level, the pellet starts melting (see Fig.3.2.1.4).

A big amount of hydrogen is produced when the reactor core is exposed and the
temperature of clad start increasing. After 1 week of earthquake occurrence, the amount
equal to the reaction of 79% of active clad is produced (see Fig.3.2.1.6).

Regarding the discharge of FP, after reactor core damage, the noble gas is discharged
from the reactor pressure vessel to S/C, and according to the assumption of leak for this
analysis, the result is that almost full amount of noble gas is discharged. For cesium iodide,
the discharge rate is about 1% and almost exist in S/C, However, the discharge out of the
Primary containment vessel is by the assumption of leak from the vessel, so it is possible
that the result is different from actual situation (see Fig.3.2.1.7 and Fig.3.2.1.8).

The result says that, about the reactor core of Unit 2, there partially exists a melted pool,
but it remains in fuel range and does not lead to the reactor pressure vessel damage. The
reason is that, the water injection by RCIC in the early stage was implemented constantly,
and the period after RCIC stop until start water injection is shorter than Unit 1 (see
Fig.3.2.1.9).
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3.2.2.2 Analysis Result (Analysis Case 2)
Table 3.2.4 shows the result of analysis based on the condition shown in 3.2.1. And from

Fig. 3.2.2.1 to Fig 3.2.2.9 show the result of analysis about the trend of reactor water level

etc.
Table 3.2.4 Summary of Analysis Result on Unit 2
ltem Analysis Result
Start of reactor core exposure Approx. 75 hours after earthquake
Start of reactor core damages Approx. 77 hours after earthquake
Start of reactor pressure vessel damages Approx. 109 hours after earthquake

The detail of analysis result is as follows.

The reactor water level gradually comes down after RCIC stop and the reactor core starts
exposed, and the reactor core exposed perfectly by opening SRV and the reactor core
damage starts. Although the water injection starts approximately at the same time, the
assumed water injection flow is not enough so that the water level does not increase over
the bottom of active fuel (see Fig.3.2.2.1).

Regarding the reactor pressure, there is a temporary increase by the steam produced by
the movement of reactor core to the lower plenum, but other behavior is almost same as the
result of Case 1 (see Fig.3.2.2.2).

Regarding the pressure of Primary containment vessel, it is similar to the reactor pressure,
there is a temporary increase by the steam produced by the movement of reactor core to the
lower plenum, but other behavior is almost same as the result of Case 1 (see Fig.3.2.2.3).

Regarding reactor core temperature trend, the temperature increase with the decrease of
reactor water level, the pellet starts melting (see Fig.3.2.2.4).

A big amount of hydrogen is produced when the reactor core is exposed and the
temperature of clad start increasing, the amount equal to the reaction of 36% of active clad
is produced (see Fig.3.2.2.6).

Regarding the discharge of FP, for the noble gas, the result is that almost full amount is
discharged by the leak from S/C, which is similar to Case 1. For other materials such as
cesium iodide, the discharge rate is under 1% (see Fig.3.2.2.7 and Fig.3.2.2.8).

The result says that, parts of the fuel remain in the reactor pressure vessel, but the reactor
pressure vessel is damaged. As the water injection flow in the early stage is assumed
smaller than Case 1, then the result says the damage of reactor core is more serious (see
Fig.3.2.2.9).
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3.2.3 Evaluation Result

In Analysis Case 1, we have had an analysis result that the reactor core of Unit 2 stays
within the fuel range, though a partial fuel-melting pool exists, and the reactor pressure
vessel will not be damaged. In Analysis Case 2, we have had an analysis result that the
reactor vessel has been damaged, though part of fuel stays within it.

In addition, as a result of calibration of water-level gauge of Unit 1, we have found that
the water level in reactor pressure vessel is not within fuel ranges. We cannot deny the
possibility that a similar event has occurred in Unit 2.

We think that most of fuel is cooled down in the reactor pressure vessel, because,
according to plant parameters, the temperatures at the bottom of the reactor pressure
vessel currently change around between approximately 100 degrees Celsius and
approximately 120 degrees Celsius and correlate changes in amount of water spray in
multiple measuring points and temperature of the upper reactor pressure vessel is higher
and its heat source is estimated to come from the inside of reactor pressure vessel.

Hence, according to the analysis and plant parameters, we think that reactor cores have
been significantly damaged, but moved below or dropped to the lower plenums from fixed

positions of fuel loading and most of them can be stably cooled down around there.
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3.3 Unit 3 of Fukushima Daiichi Nuclear Power Station

3.3.1 Analysis condition

Principal conditions of analysis regarding Unit 3 of Fukushima Daiichi Nuclear Power
Station are shown in the Table 3.3.1 and 3.3.2.

We implemented the analysis in two cases below.

Cases of analysis
Case 1 In order to accommodate to the measured figure of reactor water level, we
presumed less the amount possible to maintain the reactor water level, not
using the flow volume of discharge side of the fire pump.
Case 2 Based on the premise that it is impossible to maintain the reactor water level in
the fuel range, we presumed the injection amount to maintain slightly below the

level of the fuel range, not the flow volume of discharge side of the fire pump.

Table 3.3.1 Plant Conditions

Items Conditions
Initial reactor output 2381 MW (rated power output)
Initial reactor pressure 7.03MPa[abs] (normal operation pressure)
Initial reactor water level Normal level
Open space volume of primary D/W open space : 4240m*
containment vessel S/C open space : 3160m*
Suppression pool water volume 2980m?®

40



Chart 3.3.2 Events
Explanatory notes © Records available

Estimates based on records o Assumption used on analysis

Analysis Condition

Classification

In case of o Referred part of the records
Notes

No Time and Date Analyzed Events In case of or o Estimated, presumed reasons etc.
1 March 11 | 2:46 pm | Earthquake occurred e}
2 2:47 pm | Reactor scram occurred - Report on May 16, 4. Operation daily, Handover diary of shift
supervisor
3 3:06 pm | RCIC activated manually o Report on May 16, 7. Operation records
4 3:25 pm | RCIC tripped L-8 o Same as above
5 3:38 pm | Outage of all AC power occurred o Report on May 16, 4. Operation daily, Handover diary of shift
supervisor
6 4:03 pm | RCIC activated manually e} Report on May 16, 7. Operation records
7 March 12 | 11:36 am | RCIC tripped e} Same as above
8 0:35 pm | HPCI activated (L-2) o Same as above
9 March 13 | 2:42 am | HPCI stopped o Same as above
10 Around | Started the pressure decrease of Same as above
9:08 am | reactor pressure vessel by operating o
the safety relief valve
11 9:20 am | Regarding the primary containment The vent line constitution is completed by the operation of AO
vessel vent, pressure decrease was valve in the 7.Operation records in the report on May 16,
confirmed e} however, we presumed the 9:20am as the start of the vent,
since we confirmed the pressure decrease of primary
containment vessel at this time.
12 9:25 am | Started the injection of fresh water o Report on May 16, 7. Operation records 1
13 11:17 am | Regarding the primary containment Report on May 16, 7. Operation records
vessel vent, a closure of AO valve of o
vent line caused by the slip out of
driving air pressure was confirmed
14 0:30 pm | Regarding the primary containment o Same as above
vessel vent, opening operation was
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implemented

15 1:12 pm | Injection of water was changed from Report on May 16, 7. Operation records 1
fresh water to sea water
16 2:10 pm | Regarding the primary containment We presume the termination of the vent which started 0:30pm,
vessel vent, it is presumed that the March 13th at this time based on the increase of D/W pressure.
vent valve is closed It is described in the 7.Operation records in the report on May
16 that the closure of the valve is confirmed at 4:00pm, May 15.
17 | March 14 | 1:10 am | Injection of water was halted in order Report on May16, 7. Operation records
to supply water to water source pit
18 3:20 am | The supply to the water source pit was Report on May16, 7. Operation records 1
finished and the injection of water
restarted
19 5:20 am | Regarding the primary containment Report on May16, 7. Operation records
vessel vent, AO valve of suppression
chamber side was opened.
20 0:00 pm | Regarding the primary containment We presume the termination of the vent which started 5:30am,
vessel vent, it is presumed that the March 14 at this time based on the increase of D/W pressure. It
valve of suppression chamber side is described in the 7.Operation records in the report on May 16
was closed. that the closure of the valve is confirmed at 4:00pm, May 15.
21 4:00 pm | Regarding the primary containment We presume the vent at this time based on the decrease of D/W
vessel vent, it is presumed that the pressure.
valve of suppression chamber side
was opened.
22 9:04 pm | Regarding the primary containment We presume the termination of the vent at this time based on
vessel vent, it is presumed that the the increase of D/W pressure.
valve of suppression chamber side
was closed.
23 | March 15 | 4:05 pm | Regarding the primary containment Report on May16th, 7. Operation records

vessel vent, the valve of suppression
chamber side was opened.
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24 | March 16 | 1:55am | Regarding the primary containment It is described in the 7.Operation records in the report on May
vessel vent, the valve of suppression 16 that the vent was implemented at this time, however, we
chamber side was opened. presume that the vent was not implemented as the D/W

pressure did not fluctuate.

25 | March 17 | 9:00 pm | Regarding the primary containment It is described in the 7.Operation records in the report on May
vessel vent, closure of the valve of 16 that the closure of the valve was confirmed following the
suppression chamber side was opening of the vent at 4:05pm March 15, however, we presume
confirmed. that the valve was not closed based on the transition of the D/W

pressure.

26 9:30 pm | Regarding the primary containment It is described in the 7.Operation records in the report on May
vessel vent, the valve of suppression 16 that the valve was opened, however, we presume that the
chamber side was opened. valve was not opened based on the transition of the D/W

pressure.

27 | March 18 | 5:30 am | Regarding the primary containment Though it is described in the report on May 16, it is out of the
vessel vent, closure of the valve of period for the analysis.
suppression chamber side was
confirmed.

28 Around | Regarding the primary containment Same as above

5:30 am | vessel vent, the valve of suppression
chamber side was opened.

29 | March 19 | 11:30 am | Regarding the primary containment Same as above
vessel vent, closure of the valve of
suppression chamber side was
confirmed.

30 | March 20 | Around | Regarding the primary containment Same as above

11:25 am | vessel vent, the valve of suppression

chamber side was opened.
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3.3.2.1 Analysis Result (Analysis Case 1)
Table 3.3.3 shows the result of analysis based on the condition shown in 3.3.1. And from

Fig. 3.3.1.1 to Fig 3.3.1.13 show the result of analysis about the trend of reactor water level

etc.
Table 3.2.3 Summary of Analysis Result on Unit 3
ltem Analysis Result
Start of reactor core exposure Approx. 40 hours after earthquake
Start of reactor core damages Approx. 42 hours after earthquake
Start of reactor pressure vessel damages (reactor pressure vessel damage did not
occur in this analysis)

The detail of analysis result is as follows.

The reactor water level gradually comes down after HPCI stop and the reactor core starts
exposed, and the reactor core exposed perfectly by opening SRV and the reactor core
damage starts (see Fig.3.3.1.1). Although the water injection starts, but in this analysis,
because the water injection flow is assumed that it is commensurate with the reactor water
level indicated by measurement equipment, so that the water injection flow is not enough
and the water level is remained around a half level of the reactor core range. Therefore, the
reactor core is damaged.

The reactor pressure is kept high around the pressure of SRV action until RCIC, HCPI
stops. By SRV open after HCPI stop the reactor pressure decreases rapidly, after that go
down to around atmosphere pressure (see Fig.3.3.1.2). In the analysis, RCIC and HPCI are
assumed to be in operation continuously, but there exist a pressure decrease in the part
while HPCI is in operation. For example, if the leak of steam is assumed out of the Primary
containment vessel through the steam pipe of HPCI, the result is that the trend of pressure
of reactor pressure vessel and Primary containment vessel is almost similar (see
Fig.3.3.1.10 and Fig.3.3.1.11). However, currently it is not sure whether there is an actual
path at the HPCI system or it is only a problem of measuring equipment.

Regarding the pressure of Primary containment vessel, because the steam produced in
the reactor is discharged to S/C, the pressure of D/W and S/C continues increasing. And the
pressure increases temporary by SRV open, but the pressure decreases by S/C vent. After
that the pressure repeats increasing and decreasing (see Fig.3.3.1.4).

A big amount of hydrogen is produced when the reactor core is exposed and the
temperature of clad start increasing. After 1 week of earthquake occurrence, the amount

equal to the reaction of 70% of active clad is produced. In the analysis, almost amount of
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hydrogen is discharged out of PCV by S/C vent, but the amount of production assumed to
be enough for causing explosion of the Reactor Building of Unit 3 (see Fig.3.3.1.6).

Regarding the discharge of FP, after reactor core damage, the noble gas is discharged
from the reactor pressure vessel to S/C, and the result is that approximately 86% of noble
gas is discharged by vent. For cesium iodide, the discharge rate is about 0.5% and almost
exists in S/C (see Fig.3.3.1.7 and Fig.3.3.1.8).

Regarding the situation of reactor core, there partially exists a melted pool, but it remains
in fuel range and does not lead to the reactor pressure vessel damage. The reason is that,
the water injection by RCIC, HCPI in the early stage was implemented constantly, and the
period after HPCI stop until start water injection is shorter than Unit 1 (see Fig.3.3.1.9).

Also, in this analysis, the water injection suspends 2 hours for the refill of water for the
water source pit. We also implemented the analysis in case that the water injection goes
continuously. As the result, the reactor water level remains a little higher in the early stage,
but is not enough to fill up the fuel range, so that the reactor core is damaged (see
Fig.3.3.1.12 and Fig.3.3.1.13).
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3.3.2.2 Analysis Result (Analysis Case 2)
Table 3.3.4 shows the result of analysis based on the condition shown in 3.3.1. And from

Fig. 3.3.2.1 to Fig 3.3.2.9 show the result of analysis about the trend of reactor water level

etc.
Table 3.3.4 Summary of Analysis Result on Unit 3
ltem Analysis Result
Start of reactor core exposure Approx. 40 hours after earthquake
Start of reactor core damages Approx. 42 hours after earthquake
Start of reactor pressure vessel damages Approx. 66 hours after earthquake

The detail of analysis result is as follows.

The reactor water level gradually comes down after HPCI stop and the reactor core
starts exposed, and the reactor core exposed perfectly by opening SRV and the reactor
core damage starts (see Fig.3.3.2.1). Although the water injection starts, the assumed
water injection flow is not enough so that the water level does not increase over the bottom
of active fuel and as a result the reactor core is damaged more serious than case 1 (see
Fig.3.3.2.1).

Regarding the reactor pressure, there is a temporary increase by the steam produced by
the movement of reactor core to the lower plenum, but other behavior is almost same as
the result of Case 1 (see Fig.3.3.2.2).

Regarding the pressure of Primary containment vessel, it is similar to the reactor
pressure, there is a temporary increase by the steam produced by the movement of reactor
core to the lower plenum, but other behavior is almost same as the result of Case 1 (see
Fig.3.3.2.3).

Regarding reactor core temperature trend, after HPCI stop, the temperature increase
with the decrease of reactor water level, and reach to the melting point of the pellet (see
Fig.3.3.2.4).

A big amount of hydrogen is produced when the reactor core is exposed and the
temperature of clad start increasing, the amount equal to the reaction of 59% of active clad
is produced. In the analysis, almost amount of hydrogen is discharged out of PCV by S/C
vent. The amount of production assumed to be enough for causing explosion of the
Reactor Building of Unit 3 (see Fig.3.3.2.6).

Regarding the discharge of radioactive materials, after reactor core damage, the noble
gas is discharged from the reactor pressure vessel to S/C, and the result is that almost full

amount of noble gas is discharged by vent. For cesium iodide, the discharge rate is about
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0.5% and almost exists in S/C (see Fig.3.3.2.7 and Fig.3.3.2.8).

The result says that, parts of the fuel remain in the reactor pressure vessel, but the
reactor pressure vessel is damaged. As the water injection flow in the early stage is
assumed smaller than Case 1, and then the result says the damage of reactor core is more

serious (see Fig.3.3.2.9).

3.3.3 Evaluation Result

In Analysis Case 1, we have had an analysis result that the reactor core of Unit 3 stays
within the fuel range, though a partial fuel-melting pool exists, and the reactor pressure
vessel will not be damaged. In Analysis Case 2, we have had an analysis result that the
reactor vessel has been damaged, though part of fuel stays within it.

In addition, as a result of calibration of water-level gauge of Unit 1, we have found that
the water level in reactor pressure vessel is not within fuel ranges. We cannot deny the
possibility that a similar event has occurred in Unit 3.

We think that most of fuel is cooled down in the reactor pressure vessel, because,
according to plant parameters, temperatures of the steel of the reactor pressure vessel
currently change around between approximately 100 degrees Celsius and approximately
200 degrees Celsius and correlate changes in amount of water spray in multiple measuring
points and temperatures in some points are increasing in May (though we keep following
up conditions while the rate of inflow to the reactor increased) and due to the increase in
temperatures their heat source is estimated to come from the inside of reactor pressure
vessel and the temperatures at the bottom of the reactor pressure vessel change around
between approximately 100 degrees Celsius and approximately 170 degrees Celsius and
correlate changes in temperatures in other parts of the reactor pressure vessel.

Hence, according to the analysis and plant parameters, we think that reactor cores
have been significantly damaged, but moved below or dropped to the lower plenum from

fixed position of fuel loading and most of it can be stably cooled down around there.
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Annex-2

Fukushima Daiichi Nuclear Power Station
Status of Facility Damage and Cause

Fukushima Daiichi Nuclear Power Station has sustained damage from the
Tohoku-Chihou-Taiheiyo-Oki Earthquake that occurred on 2:46 pm, March 11, 2011. Since
many restrictions exist in relation to entering the building, the status of the facility damage is
still not completely understood at this moment in time. This time, in order to organize and
utilize plant operational data, it has been summarized as the first step towards organizing the
status of the facility damage as below.

This organized status of facility damage contains little and perfunctory information since it is
based on the operational record and hearsay information from a small number of operators. In
fact, the status of facility damages and its causes have been neither confirmed nor identified
due to the immediate post-quake aftershocks, the tsunami warnings and hydrogen explosions
etc. In order to supplement those points, not only must the status of facility damage be
organized, but also robust information must be reported. This allows us to a limited degree to
identify whether the damage is caused by the earthquake or tsunami and increase facility
reinforcements. Damage includes the function losses of the facilities due to the damage done
to the power source. The status of the regular use of facilities, the irregular use of cooling
facilities as exhibit 1 and the damage of the main facilities are shown below.

Facility Damage, Operation Information
Unit
Pure Water Storage Tank  Confirmed pure water leakage from flange confirmed at 3:06
pm on March 11
Diesel Driven Fire Pump: Operated after the earthquake
Unit
Electric Boiler ~ Nonradioactive steam leakage confirmed at 3:20 pm on March 11
Place and degree are unknown
Unit
Seawater Pump SW pump B : Operated after the earthquake
Main Turbine Emergency Oil Pump: Operated after the earthquake
Diesel Driven Fire Pump: Operated after the earthquake
Unit
No damages were found based on the operator’s visual inspection during the course of the
close range patrol.
Unit
Main Turbine, Variety of Oil Pump: Operated after the earthquake MSOP TGOP EOP
RFP-T Emergency Oil Pump: Operated after the earthquake
RCW Pump: Operated after the earthquake
No damages were found based on the operator’s visual inspection during the course of the
close range patrol.
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1F-1 Status of Emergency Core Cooling System(ECCS)

Attachment-1(1F1)

. When From earthquake . .
Place Anti-Earthquake earthquake scrum Since arrlva}l Remarks
Class . . | of Tsunami
scram to arrival of Tsunami
R/B Basement o
CS(A) Floor A o Note x After Tsunami,both power and CCSW were lost.
(OP.-1230)
R/B Basement o
CS(C) Floor A o Note x After Tsunami,both power and CCSW were lost.
(OP.-1230)
R/B Basement Before Tsumami, confirmed to be operated mannually(S/P cleaning).
cesm Floor A © * After Tsunami, both power and CCSM were lost.
(OP.-1230) B p 8
R/B Basemnet Before Tsumami, confirmed to be operated mannually(S/P cleaning).
cesE) Floor A © * After Tsunami, both power and CCSM were lost.
(OP.-1230) B p 8
CCSW(A) Outdoors A ° % Before Tsumami, confirmed to be operated mannually(S/P cleaning).
(OP.4000) When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
CCSW(B) Outdoors A - % Before Tsumami, confirmed to be operated mannually(S/P cleaning).
(OP.4000) When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
R/B Basement o
CS(B) Floor A o Note 1 x After Tsunami,both power and CCSW were lost.
(OP.-1230)
R/B Basement o
CS(D) Floor A o N x After Tsunami,both power and CCSW were lost.
ote 1
ECCS (OP.-1230)
- R/B Basement Before Tsumami, confirmed to be operated mannually(S/P cleaning).
S CCS(C) Floor A o x .
= After Tsunami,both power and CCSW were lost.
8 (OP.-1230)
=3
w
o R/B Basement Before Tsumami, confirmed to be operated mannually(S/P cleaning).
£ ceso) Floor A © * After Tsunami,both power and CCSW were lost.
3 (OP.-1230) ,both p )
(@]
cCswW(e) Outdoors A ° < Before Tsumami, confirmed to be operated mannually(S/P cleaning).
(OP.4000) When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
cCsSW(D) Outdoors A - % Before Tsumami, confirmed to be operated mannually(S/P cleaning).
(OP.4000) When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
R/B Basement o
HPCI Floor A o Note 1 x After Tsunami,power was lost.(Oil pump)
(OP.-1230)
Ic(A) R/B 4th Floor A - Before Tsunami, confirmed to be operated automatically (Reactor Pressure was high).
(OP.31000) After Tsunami, the status of valve was not confirmed due to power lost.
Ic(®) R/B 4th Floor A o Before Tsunami, confirmed to be operated automatically (Reactor Pressure was high).
(OP.31000) Ater Tsunami, the status of valve was not confirmed due to power lost.
Water MUwC T/B Basement
injection (back-up water Floor B x After the earthquake, power was lost.
to Reactor injection) (OP.3200)
SFP Cooling R/B 3rd Floor
(EPC) (OP.25900) B x After the earthquake, SW was lost.
Pool
Cooling .
SFP Cooling R/B 1st Floor
(SHC) (OP.10200) A o o x After the earthquake, power and SW were lost.
c Until the earthquake scrum, a normal air conditionar was operated. After the scrum and
% Reactor Building A x before Tsunami,SGTS got operated and kept the pressure.
S Afterwards, damaged from explosion.
i Vessel
E’ Facility
2 Pr|mary Before arrival of Tsunami,no possibility of damage in Primary Containment Vessel accoding
@ Containment A © ° * to the pressure level
Vessel (PCV) P !
(Notes) Opetrated © Waiting Stopped due to normal power stop x Function lost or Out of waiting

Note 1:At Unit 5, which registered a large seismic scale at main shock of the earthquake, Residual Heat Removal System was used on Mar.19 after the earthquake. According to patrol by an operator, there was no large damage in each system and

equipment. The peak acceleration of observation record at the basement of Reactor Building which the system and equipment were installed in was less than the acceleration to keep dynamic function of equipment*. Therefore, each function of the

system is supposed to be ensured.
*JEAC4601-2008

Annex-2-1




1F-2 Status of Emergency Core Cooling System(ECCS) Attachment-1(1F2)

Anti-Earthquake When From earthquake Since arrival
Place earthquake scrum X Remarks
Class : .| of Tsunami
scram to arrival of Tsunami
R/B
@A) Basement A o % Before Tsumami, confirmed to be operated mannually(S/P cleaning).
Floor After Tsunami, both power and RHRS A/C were lost.
(OP.-1030)
T
Basement o .
(B) Floor A o Note 1 x After Tsunami, both power and RHRS A/C were lost.
Bges
© Basement A ° % Before Tsumami, confirmed to be operated mannually(S/P cleaning).
Floor After Tsunami, both power and RHRS A/C were lost.
(OP.-1030)
I
Basement o .
(D) Floor A o Note 1 x After Tsunami, both power and RHRS A/C were lost.
(AD_100m
®) Outdoors A - % Before Tsumami, confirmed to be operated mannually(S/P cleaning).
(OP.4000) When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
ECCS Outdoors o . . . ]
(B) (OP.4000) A o Note 1 x When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
© Outdoor A - % Before Tsumami, confirmed to be operated mannually(S/P cleaning).
s (OP.4000) When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
B
c
Z (D) Outdoors A o © x When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
o (OP.4000) Note 1 : ,
3 D
S Basement o .
(¢}
CS(A) Floor A o Note 1 x After Tsunami, both power and RHRS A/C were lost.
PN SIPYINA
Basement o .
CS(B) Floor A o Note 1 x After Tsunami, both power and RHRS A/C were lost.
PN IPYINA
Basement o . )
HPCI Floor A o Note 1 x After Tsunami, power was lost(Sub-oil Pump).
n oncm
R/B
Ba:leorg:ent A o After earthquake and Tsunami,started mannualy. And then,high-pressure steam was lost.
Water (OP.-2060)
injection
to Reactor :"AU\Q/C B B ¢
(back-up asemen B x After Tsunami, power was lost.
water Floor
injection) (OP.1900)
SFP Cooling | R/B 3rd Floor B % After earthquake, power was lost.
Pool (FPC) (OP.26900) After Tsunami, SW was lost.
Cooling , o
SFP Cooling | Basement o x N
(RHR) Floor A o Note 1 After Tsunami, both power and SW were lost.
z o anan:
= Reactor o
§ Building A i Note 1 x Blowout Panel Open
L| Vessel
2| Facility Primary
k=) X Before arrival of Tsunami,no possibility of damage in Primary Containment Vessel accoding
2 Containment A © © * to the pressure level
& Vessel (PCV) p !
(Notes) Opetrated o  Waiting Stopped due to normal power stop % Function lost or Out of waiting

Note 1:At Unit 5, which registered a large seismic scale at main shock of the earthquake, Residual Heat Removal System was used on Mar.19 after the earthquake. According to patrol by an operator, there was no large damage in each system
and equipment. The peak acceleration of observation record at the basement of Reactor Building which the system and equipment were installed in was less than the acceleration to keep dynamic function of equipment*. Therefore, each
function of the system is supposed to be ensured.

*JEAC4601-2008
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1F-3 Status of Emergency Core Cooling System(ECCS) Attachment-1(1F3)

Anti-Earthquake When From earthquake Since arrival
Place Class earthquake scrum of Tsunami Remarks
scram to arrival of Tsunami
Ay
Basement o .
(A) Floor A o Note 1 x After Tsunami, both power and RHRS A/C were lost.
(ag ppan
Basement o .
(B) Floor A o Note 1 x After Tsunami, both power and RHRS B/D were lost.
(ag ppan
Basement o .
©) Floor A o Note 1 x After Tsunami, both power and RHRS A/C were lost.
(ag ppan
(D) Ba:leorgfnt A o No(t>e 1 x After Tsunami, both power and RHRS B/D were lost.
(D100
Outdoors o . . . ]
(A) (OP.4000) A o Note 1 x When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
(B) Outdoors A o © x When Tsunami came, the main equipment got drenched with sea water ,and power was lost
ECCS (OP.4000) Note 1 ’ ’ '
Outdoors o . . . .
< ©) (OP.4000) A o Note 1 x When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
§ (D) Outdoors A o © x When Tsunami came, the main equipment got drenched with sea water ,and power was lost
= (OP.4000) Note 1 . quipment g -andp .
£ ~o
Q
Q Basement o .
o CS(A) Floor A o Note 1 x After Tsunami, both power and RHRS A/C were lost.
(ag ppooy
Basement o .
CS(B) Floor A o Note 1 x After Tsunami, both power and RHRS B/D were lost.
(An_10nm
Basement After Tsunami, when water level decreased, After earthquake and Tsunami,started
HPCI A o o y y
Floor automatically. And then,high-pressure steam was lost.
(OPr.‘-’%OGO)
Basement A o o After Tsunami, started. And then, tripped and couldn't restart.
Water Floor
injection Voo LB PARON
to Reactor (back-up Basement B x After Tsunami, power was lost.
water Floor
SFP Cooling |R/B 3rd Floor .
ool (FPC) (OP.26900) B x After earthquake, power was lost. After Tsunami, SW was lost.
Cooli - ~o
M9 | sep Cooling | - Basement A o © * After Tsunami, power and SW were lost.
(RHR) Floor Note 1 P i
-5 Reactor o
§ v | Building A =} Note 1 x Damaged from the explosion.
s esse
2| Facility Primary ) . - o ) .
k=) . Before arrival of Tsunami,no possibility of damage in Primary Containment Vessel accoding
5 Containment A o o x
& Vessel (PCV) to the pressure level.
(Notes) Opetrated o Waiting Stopped due to normal power stop % Function lost or Out of waiting

Note 1:At Unit 5, which registered a large seismic scale at main shock of the earthquake, Residual Heat Removal System was used on Mar.19 after the earthquake. According to patrol by an operator, there was no large damage in each system
and equipment. The peak acceleration of observation record at the basement of Reactor Building which the system and equipment were installed in was less than the acceleration to keep dynamic function of equipment*. Therefore, each function
of the system is supposed to be ensured.

*JEAC4601-2008
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1F-4 Status of Emergency Core Cooling System(ECCS)

Attachment-1(1F4)

Place

Anti-Earthquake
Class

When
earthquake
scram

From earthquake
scrum
to arrival of Tsunami

Since arrival
of Tsunami

Remarks

ECCs

Cooling Function

(A)

Ay
Basement
Floor

(A gaaoy

A

(8)

R
Basement
Floor

(A gaaoy

o
Note 1

After Tsunami, both power and RHRS B/D were lost.

©)

R
Basement
Floor

(A D 1110y

(©)

Basement
Floor
(0.P-1110)

(SFP Cooling

o
Note 1

After earthquake, stopped due to blackout.(Note 2)
After Tsunami, both power and RHRS B/D were lost.

()

Outdoors
(OP.4000)

(8)

Outdoors
(OP.4000)

(SFP Cooling)

Note 1

After earthquake, stopped due to blackout.(Note 2)
After Tsunami, both power and RHRS B/D were lost.

(©)

Outdoors
(OP.4000)

(D)

Outdoors
(OP.4000)

(SFP Cooling)

o
Note 1

After earthquake, stopped due to blackout.(Note 2)
After Tsunami, both power and RHRS B/D were lost.

Cs(A)

T
Basement
Floor

FERET-\

cs(B)

Rt
Basement
Floor

FERET-\

HPCI

Rt
Basement
Floor

o 2acoy

Water
injection
to Reactor

av=j
Basement
Floor

N aneay

MuwcC
(back-up water
injection)

7S
Basement
Floor

naanm

After Tsunami, power was lost.

Pool
Cooling

SFP Cooling
(FPC)

R/B 3rd Floor
(OP.26900)

One was under inspection. The other was on operation before earthquake.
After earthquake, normally powered-off.

SFP Cooling
(RHP)

R/B
Basement
Floor
(0.P-1110)

o
Note 1

After earthquake, stopped due to blackout.(Note 2)
After Tsunami, both power and RHRS B/D were lost.

Vessel
Facility

Shutting Function

Reactor Building

o
Note 1

Damaged from the explosion.

Primary
Containment
Vessel (PCV)

Due to periodic check, all fuel were rejected and MSIV was closed. And Well was full of
water.

(Notes)

Opetrated

©  Waiting

Stopped due to normal power stop % Function lost or Out of waiting

Stopped due to periodic check(No demand of function)

Note 1:At Unit 5, which registered a large seismic scale at main shock of the earthquake, Residual Heat Removal System was used on Mar.19 after the earthquake. According to patrol by an operator, there was no large damage in each system and

equipment. The peak acceleration of observation record at the basement of Reactor Building which the system and equipment were installed in was less than the acceleration to keep dynamic function of equipment*. Therefore, each function of the

system is supposed to be ensured.
*JEAC4601-2008

Note 2:The reason that Residual Heat Removal System Pump powered from Diesel Generator was not restarted before arrival of Tsunami is that the status of the Pump was stable and not supposed to damage fuel cooling system early, based on
before the earthquake.

confirmation that water level of spent fuel pool was full (around the level of overflow) and a water temperature was around 27
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1F-5 Status of Emergency Core Cooling System(ECCS)

Attachment-1(1F5)

Anti-Earthquake When From earthquake Since arrival
Place earthquake scrum X Remarks
Class : .| of Tsunami
scram to arrival of Tsunami
Ay
Basement [} .
(A) Floor A o Note 1 o After Tsunami, both power and RHRS A/C were lost.
(R, pam
Basement o .
(B) Floor A o Note 1 o After Tsunami, both power and RHRS B/D were lost.
(An aam
R/B After Tsunami, both power and RHRS A/C were lost. Temporary underwater pump got
Basement .
©) Floor A o o installed and operated from Mar.19 when power restored.
* :
(OP.940) Operated in SHC and Emergency thermal load mode by turns.
~o
Basement o .
(D) Floor A o Note 1 o After Tsunami, both power and RHRS B/D were lost.
(An aam
Outdoors S} . . . ]
(A) (OP.4000) A o Note 1 x When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
(B) Outdoors A o © x When Tsunami came, the main equipment got drenched with sea water ,and power was lost
ECCS (OP.4000) Note 1 ’ ’ :
After Tsunami, when water level decreased, After earthquake and Tsunami,started
© Outdoors A - - automatically. And then,high-pressure steam was lost.On Mar.18, temporary underwater
_5 (OP.4000) pump was installed, and powered from temporary power panel.(One equipment per RHRS
g A/C)
c
=1
w
j=2)
£
3 Outdoors IS} . . . )
o
S (D) (OP.4000) A o Note 1 x When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
T
Basement o .
CS(A) Floor A o Note 1 o After Tsunami, both power and RHRS A/C were lost.
ORBAA
Basement o .
CS(B) Floor A o Note 1 o After Tsunami, both power and RHRS B/D were lost.
ORBAA
HPCI Ba':zlszn;rem A Under suspension due to periodic check
LORBAN
Basement . -
Water Floor A Under suspension due to periodic check
injection L AL
Muwc
to R 1 "
0 Reactor (back-up water Ba':zlszn;rem B After earthquake, started. After Tsunami, power was lost.
injection) o snom
SFP Cooling | R/B 3rd Floor .
(FPC) (OP.32700) B o After earthquake, normally powered-off. After Tsunami, SW was lost.
Pool RIB
Cooling . After Tsunami, both power and RHRS A/C were lost. Temporaty underwater pump was
SFP Cooling | Basement o . M N
(RHR) Floor A o installed and was operated from Mar.19 when power restored. * Operated in SHC and
(OP.940) Emergency thermal load mode by turns.
c
'% Reactor A o o < After Tsunami,on Mar. 18,made an air-hole on the roof. Anti-hydrogen staying: preventive
S Building Note 1 mentenance
L| Vessel
_g‘ Facility Primary
g Containment A o o o No possibility of damage in Primary Containment Vessel accoding to the pressure level.
& Vessel (PCV)
(Notes) Opetrated o Waiting Stopped due to normal power stop x Function lost or Out of waiting

Stopped due to periodic check(No demand of function)

Note 1:At Unit 5, which registered a large seismic scale at main shock of the earthquake, Residual Heat Removal System was used on Mar.19 after the earthquake. According to patrol by an operator, there was no large damage in each system

and equipment. The peak acceleration of observation record at the basement of Reactor Building which the system and equipment were installed in was less than the acceleration to keep dynamic function of equipment*. Therefore, each function

of the system is supposed to be ensured.
*JEAC4601-2008
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1F-6 Status of Emergency Core Cooling System(ECCS)

Attachment-1(1F6)

Anti-Earthquake When From earthquake Since arrival
Place earthquake scrum X Remarks
Class : .| of Tsunami
scram to arrival of Tsunami
Ay
Basement o .
(A) 2nd Floor A o Note 1 o After Tsunami, RHRS A/C was lost.
(AD 1000
R/B When earthquake happened, stopped due to blackout.(Note 2)
®) Basement A - After Tsunami, RHRS B/D was lost.
2nd Floor (SHC operation) Temporaty underwater pump was installed on Mar.18 and operated from Mar.19(power
(OP.1000) restoration) * Operated in SHC and Emergency thermal load mode by turns.
T
© Basement A o o o After Tsunami, RHRS B/D was lost.Temporaty underwater pump was installed on Mar.18 and
2nd Floor Note 1 was powered
D 1nnm
Outdoors o o n . . R
(A) (OP.4000) A Note 1 x When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
When earthquake happened, stopped due to blackout.(Note 2)
ECCS ®) Outdoors A - When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
(OP.4000) (SHC operation) Temporaty underwater pump was installed on Mar.18 and was powered from temporary
power panel.(2 per RHRS B/D)
s Outdoors o o
§ ©) (OP.4000) A Note 1 x When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
z
2
S When earthquake happened, stopped due to blackout.(Note 2)
8 ©) Outdoors A - When Tsunami came, the main equipment got drenched with sea water ,and power was lost.
(OP.4000) (SHC operation) Temporaty underwater pump was installed on Mar.18 and was powered from temporary
power panel.(2 per RHRS B/D)
~o
Basement o o o .
2nd Floor A Note 1 After Tsunami, RHRS A/C was lost.
(An 1000
S
Basement o o o .
2nd Floor A Note 1 After Tsunami, DG H SW was lost.
(An 1000
S
Water Basement A Under suspension due to periodic check
P 2nd Floor
injection e
o Muwe Baslel;ent
Reactor | (back-up water Floor B As for B-System, D/G B-System was operated powered by D-System.
injection) o mann
SFP Cooling |R/B 4th Floor .
(FPC) (OP.34000) B o After earthquake, normally powered-off. After Tsunami, SW was lost.
Pool
Cooling R/B
SFP Cooling | Basement A o o x Temporaty underwater pump was installed on Mar.18 and was powered from temporary
(RHR) 2nd Floor Note 1 power panel. * Operated in SHC and Emergency thermal load mode by turns.
(OP.1000)
c
'% Reactor A o o % After Tsunami,on Mar. 18,made an air-hole on the roof. Anti-hydrogen staying: preventive
S Building Note 1 mentenance
L | Vessel
_g‘ Facility Primary
g Containment A o o o No possibility of damage in Primary Containment Vessel accoding to the pressure level.
& Vessel (PCV)
Other
equipment
(Notes) Opetrated © Waiting x Function lost or Out of waiting Stopped due to periodic check(No demand of function)

Note 1:At Unit 5, which registered a large seismic scale at main shock of the earthquake, Residual Heat Removal System was used on Mar.19 after the earthquake. According to patrol by an operator, there was no large damage in each system

and equipment. The peak acceleration of observation record at the basement of Reactor Building which the system and equipment were installed in was less than the acceleration to keep dynamic function of equipment*. Therefore, each

function of the system is supposed to be ensured.
*JEAC4601-2008

Note 2:The reason that Residual Heat Removal System Pump powered from Diesel Generator was not restarted before arrival of Tsunami is that the status of the Pump was stable and not supposed to damage fuel cooling system early, based

on confirmation that water level of spent fuel pool was full (around the level of overflow) and a water temperature was around 27

Annex-2-6

before the earthquake.
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Gross Range of Reactor’s Water Level Gauge

e Fukushima Daiichi Unit 1
e Fukushima Daiichi Unit 2
e Fukushima Daiichi Unit 3
e Fukushima Daiichi Unit 4
e Fukushima Daiichi Unit 5
e Fukushima Daiichi Unit 6

Emergency steam condenser (Schematic diagram)

Maximum Acceleration Recorded on the Lowest Basement of
Reactor Building at  Tohoku-Chihou-Taiheiyo-Oki Earthquake

[Overview] Findings of Tsunami Survey at Fukushima Daiichi
Nuclear Power Station
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Maximum Acceleration Recorded on the Lowest Basement of Reactor
Building at Tohoku-Chihou-Taiheiyo-Oki Earthquake

Point of observation

Lowest basement of

Record of observation

tentative 1

Maximum acceleration gal

Maximum response acceleration

to basic earthquake ground

motion :SS gal

Reactor Building S-N E-W Up-Down S-N E-W Up-Down
direction direction direction direction | direction | direction
Unit 1 460 2 447 * 258 ? 487 489 412
Unit 2 348 2 550 2 302 ? 441 438 420
F“kUShr']ma Unit3 | 322 2 507 2 231 2 449 441 429
Daiichi
NPS Unit 4 281 2 319 *? 200 *? 447 445 422
Unit 5 311 2 548 2 256 2 452 452 427
Unit 6 208 ? 444 * 244 445 448 415

These records are tentative and subject to change by further consideration

It took 130 to 150 for to start recording and finish it.

Note Scram setting value of each unit (A reactor will automatically shutdown once it

exceeded its scram setting value

Scram setting value gal
Unit Horizontal Where to Up-Down Where to
direction install direction install
Fukushima | Units1to 5 B1F B1F
135 100
Daiichi Unit 6 B2F B2F

Reference-8
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Overview Findings of Tsunami Survey at Fukushima Daiichi Nuclear Power Station (1/3)

We surveyed the tsunami of Tohoku-Chihou-Taiheiyo-Oki Earthquake that hit Fukushima Daiichi Nuclear Power Station on March 11, 2011.
Out of consideration of the impact caused by the crustal movement, the height and area of its inundation are as follows:
(1) Inundation Height The trace left shows that the height of inundation was O.P.+14 to 15 meters that covered almost all the area facing the
ocean.
(2) Inundation Area The tsunami submerged almost all the area facing the ocean (O.P.+4meters) and the area oPointf the main buildings.
(3) Tsunami Height  The trace left shows that the height of the tsunami reached O.P+14.5 meters.

! Ocean Area Main Buildings Area

) : ] Inundated U
Tsunami Already | / O.P.+14 15m eactor Building
Height cour ,
O.P.+5.7m Ground level ?gamSt +5'7r:h Turbhine Building
O.P.+4 i
Basic point  iseescesssssesssssssssas ==
O.P.0om P
i Groundtevel Units 5 & 6
Surge barrier / Intglke Channel

O.P.+13m

T=T

y-92Ua1839Y

Tsunami that hit Fukushima Daiichi Nuclear Power Station Diagram
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Findings of Tsunami Survey at Fukushima Daiichi Nuclear Power Station (2/3)
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Height of Inundation and tsunami, area of inundation at Fukushima Daiichi Nuclear Power Station



Overview Findings of Tsunami Survey at Fukushima Daiichi Nuclear Power Station (3/3)

Inundation by the tsunami

L

¥
8
i}

.:P

C GeoEye
Fukushima Daiichi Nuclear Power Station, 10:04am on March 29, 2011, pictured by GeoEye-1
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