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Based on the NISA instruction “Countermeasures based on a report on records of 

damage to power facilities inside and outside of Fukushima Daiichi Nuclear Power     

Station (NPS) (instruction)” (May 16, 2011 Nuclear No 7) received on May 16, 2011, this 

reports on the following matters: 

 The root cause analysis result of damages to power facilities inside and outside of 

Fukushima Daiichi Nuclear Power Station after the earthquake. Especially, the 

analysis of whether the cause was by earthquake or tsunami based on (a) the record 

of damages to power facilities inside and outside of Fukushima Daiichi NPS reported 

on May 16, 2011 and (b) per instruction by METI “Regarding Collection of Reports 

pursuant to the Provisions of Article 67, Paragraph 1 of the Act on Regulation of 

Nuclear Source Materials, Nuclear Fuel Materials and Reactors (Act No. 167 of 

1957)” (dated April 25, 2011, April 24, 2011 Nuclear No. 1), operation records 

prescribed in Article 7, paragraph 1 of the Rules for Commercial Power Reactors 

concerning the Installation, Operation, etc. (Ordinance of the Ministry of International 

Trade and Industry No. 77 of 1978) regarding the current accident (including records 

immediately following the occurrence of the 2011 Tohoku District - off the Pacific 

Ocean Earthquake), as well as the accident records of nuclear reactor facilities and 

others. 

 The root cause analysis result of tripping the transmission line by the protective 

system that resulted in power loss at Fukushima Daiichi NPS 

 

1. The root cause analysis result of damages to power facilities inside and outside of 

Fukushima Daiichi Nuclear Power Station (NPS)after the earthquake 

 

Tohoku-Chiho Taiheiyo-Oki Earthquake that occurred at 2:46 am, March 11, 2011 and 

subsequent Tsunami inflicted damages to power facilities at Fukushima Daiichi Nuclear 

Power Station (“1F”) Shin Fukushima Substation (“SFS”) and transmission facilities. 

In order to ascertain the cause of damages to each power facility, through site 

investigation and interview with persons involved are required. 

However, at 1F, we are putting first priority to restoration of power supply in order to 

stabilize power plants. Also, as power facilities damaged are located in the Turbine 

Buildings with high radioactive contaminated water, it is impractical to conduct the site 

investigation. 

Therefore, as to on-site power facilities of 1F, we decided to conduct the root cause 

analysis of damages by using the investigation result of Tsunami indicated in “Results of 

the investigation regarding tsunami arrived in Fukushima Daiichi Nuclear Power Station 

and Fukushima Daini Nuclear Power Station” announced on April 9, 2011 and plant data 

at the time of the earthquake. 

 



 

(1) The cause of damages and malfunctions to on-site power facilities at Fukushima 

Daiichi Nuclear Power Station 

We conducted the root cause analysis of 1F on-site power facilities by the following 

steps: 

 We sorted out the behavior of on-site power facilities at each unit in chronological 

order from the plant data at the time of the earthquake (Exhibit-1) and made clear the 

sequence with the occurrence of Earthquake and Tsunami. 

 From the behavior of power facilities, we checked soundness of each power facility 

when the facility received power or supplied power to loads. When the soundness 

couldn’t be confirmed, we estimated the cause from the situation (Exhibit-2 and 3). 

The analytical result per the above is shown as below: 

 

① Unit 1 

Damaged facilities at Unit 1 were Receiving C/B for Okuma Line 1L, HV Switch Board 

(M/C) and Diesel Generators etc. 

・ Receiving C/B for Okuma Line 1L 

This C/B was located at Switchyard, Units 1 and 2. From the investigation result 

of Tsunami, the location was out of inundated areas. This was believed to be 

damaged by Earthquake (Exhibit-4).  

・ HV Switch Board (M/C) and Diesel Generators etc. 

Diesel Generators (DG 1A, 1B), Emergency HV Switch Board (M/C 1C, 1D), 

Emergency Power Center (P/C 1C, 1D) and DC 125V power facilities (1A, 1B) 

were believed to be damaged by Tsunami.  

Regular HV Switch Board and Regular Power Center were also believed to be 

damaged by Tsunami. 

 

② Unit 2 

Damaged facilities at Unit 2 were Receiving C/B and DS for Okuma Line 2L, HV Switch 

Board (M/C) and Diesel Generators etc. 

・ Receiving C/B and DS for Okuma Line 2L 

These C/B and DS were located at Switchyard, Units 1 and 2. From the 

investigation result of Tsunami, the location was out of inundated areas. These 

were believed to be damaged by Earthquake (Exhibit-4).  

・ HV Switch Board (M/C) and Diesel Generators etc. 

Diesel Generators (DG 2A, 2B), Emergency HV Switch Board (M/C 2C, 2D, 2E), 

Emergency Power Center (P/C 2E) and DC 125V power facilities (2A, 2B) were 

believed to be damaged by Tsunami.  

Regular HV Switch Board and Regular Power Center were also believed to be 

damaged by Tsunami. 

 

 



 

③ Unit 3 

Damaged facilities at Unit 3 were HV Switch Board (M/C) and Diesel Generators etc. 

Diesel Generators (DG 3A, 3B), Emergency HV Switch Board (M/C 3C, 3D), 

Emergency Power Center (P/C 3C, 3D) were believed to be damaged by 

Tsunami.  

Regular HV Switch Board and Regular Power Center were also believed to be 

damaged by Tsunami. 

 

④ Unit 4 

Damaged facilities at Unit 4 were HV Switch Board (M/C) and Diesel Generators etc. 

Diesel Generators (DG 4A, 4B), HV Switch Board (M/C 4A, 4B, 4C, 4D, 4E), 

Emergency Power Center (P/C 4E) and DC 125V power facilities (4A, 4B) were 

believed to be damaged by Tsunami.  

 

⑤ Unit 5 

Damaged facilities at Unit 5 were HV Switch Board (M/C) and Diesel Generators etc. 

Diesel Generators (DG 5A, 5B), Emergency HV Switch Board (M/C 5C, 5D) and 

Emergency Power Center (P/C 5C, 5D) were believed to be damaged by 

Tsunami.  

Regular HV Switch Board and Regular Power Center were also believed to be 

damaged by Tsunami. 

As part of Emergency and Regular HV Switch Board, Emergency and Regular 

Power Center are put back into operation after replacing parts eroded by sea 

water, these were believed to be damaged by Tsunami.  

 

⑥ Unit 6 

Damaged facilities at Unit 6 were part of HV Switch Board (M/C) and Diesel Generators 

etc. 

Diesel Generators (DG 6A, HPCS DG), were believed to be damaged by 

Tsunami.  

Regular HV Switch Board and Regular Power Center were also believed to be 

damaged by Tsunami. 

As part of Regular HV Switch Board and Regular Power Center are put back into 

operation after replacing parts eroded by seawater, these were believed to be 

damaged by Tsunami.  

 

⑦ Toden Nuclear Line (Tohoku Electric)  

Damaged facilities Toden Nuclear Line were cables that connected to HV Switch Board.  

We identified malfunction on cables. However, as there is a risk of caving in at the 

tunnel where those cables are installed, we cannot conduct the site investigation to 

estimate the cause.  



 

 

(2) The cause of collapse of transmission line tower No. 27, Yonomori Line 

We believe that transmission line tower No. 27, Yonomori Line collapsed because of 

large scale collapse of embankment at the adjacent site by the seismic motion. The 

reasons are as follows: 

 Tsunami did not reach transmission line tower No. 27, Yonomori Line’s location. 

 Further to damages to power facilities by The Southern Hyogo prefecture earthquake, 

Basic Disaster Management Plan (Jul 1995, Central Disaster. Management Council 

resolved) established “Committee on Countermeasure against Disaster for Electric 

Equipment (unofficial committee by Director-General, Agency for Natural Resources 

and Energy)” that evaluated the adequateness of anti-quake standard of each facility. 

This confirmed, as to the anti-quake evaluation of a transmission line tower, if a tower 

can withstand Wind-Load (wind velocity 40m/s) as set out in the technical standard 

for power facilities, that tower can withstand the seismic motion by The Southern 

Hyogo prefecture earthquake (maximum acceleration 818 gal).  

The maximum acceleration in the vicinity of transmission line tower No. 27, Yonomori 

Line by Tohoku-Chiho Taiheiyo-Oki Earthquake was 699gal, below 818 gal1. 

Also, we evaluated the acceleration response spectra of each seismic motion. As 

shown in figure 1, at the natural frequency band of the transmission line tower (0.3-1 

sec), the seismic motion in the vicinity of transmission line tower No. 27, Yonomori 

Line was below that of The Southern Hyogo prefecture earthquake.  

 Site investigation revealed that legs of transmission line tower were buried by soil 

and fallen trees. The upper part of transmission line fell on soil. Also cables were soil 

and fallen trees (figures 2 and 3). We believe that transmission line tower collapsed 

after collapse of embankment occurred.  

                                                  
1 This is the maximum acceleration, EW direction, North Point (O.P. +12.2m (GN1)), Free Base as 
written in Report of Analysis of Observed Seismic Data Collected at Fukushima Daiichi Nuclear Power 
Station during Tohoku-Chiho Taiheiyo-Oki Earthquake (May 16, 2011) 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Acceleration response spectra of seismic motion 
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Figure 2: the overall transmission line tower 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: legs of transmission line tower 

 



 

(3) The cause of damages to major Tr, C/B, DS, PT and CT at Shin Fukushima 

Substation 

As Tsunami did not reach SFS, those were by Earthquake.  

Major transformers were designed to have margin against "Guidelines for 

earthquake-resistant design of electrical equipment in substations (JEAG 5003). As there 

were damages, detailed analysis will be required to ascertain the cause of damages. 

Future plans are set out in section 3.(2).  

 

2. The root cause analysis of tripping the transmission line by the protective system that 

would result in power loss at Fukushima Daiichi Nuclear Power Station  

(1) Okuma Line 1L 

C/B tripped:   1F O-1 

Protective system activated: Unknown 

(presume activation record of protective system was lost because of loss of 

on-site power at 1F) 

Cause of activation: As C/B O-81 at 1F was damaged, we believe 

this activated protective system at 1F and 

tripped C/B O-1. 

(2) Okuma Line 2L 

C/B tripped:   SFS O-32 

Protective system activated: Okuma Line 2L transmission line protective 

system at SFS 

Cause of activation: As C/B O-82 and DS 82 at 1F were damaged, 

we believe this activated protective system at 

SFS and tripped C/B O-32. 

 

(3) Okuma Line 3L 

C/B tripped:   SFS O-33 

Protective system activated: Okuma Line 3L transmission line protective 

system at SFS 

Cause of activation: We confirmed arc spots at transmission line 

tower No. 7, Okuma Line 3, 4L and cables. We 

believe that cables contacted with transmission 

line tower or came close that activated protective 

system at SFS and tripped C/B O-33. 

 

(4) Okuma Line 4L 

C/B tripped:   SFS O-34 

Protective system activated: Okuma Line 4L transmission line protective 

system at SFS 

 



 

Cause of activation: We confirmed arc spots at transmission line 

tower No. 11, Okuma Line 3, 4L and cables. We 

believe that cables contacted with transmission 

line tower or came close that activated protective 

system at SFS and tripped C/B O-34. 

 

(5) Yonomori Line 1L 

C/B tripped:   SFS O-93 

Protective system activated: Yonomori Line 1L transmission line protective 

system at SFS 

Cause of activation: At Yonomori Line 1L, we believe that cables 

contacted with transmission line tower or came 

close that activated protective system at SFS 

and tripped C/B O-93. Meantime. transmission 

line tower No. 27, Yonomori Line collapsed. 

 

(6) Yonomori Line 2L 

C/B tripped:   SFS O-94 

Protective system activated: Yonomori Line 2L transmission line protective 

system at SFS 

Cause of activation: At Yonomori Line 2L, we believe that cables 

contacted with transmission line tower or came 

close that activated protective system at SFS 

and tripped C/B O-94. Meantime. transmission 

line tower No. 27, Yonomori Line collapsed. 

 

 



 

3. Future plans 

(1) The cause of damages and malfunctions to on-site power facilities at Fukushima 

Daiichi Nuclear Power Station 

a. the cause of damages to C/B and DS at Switchyard, Units 1 and 2, 1F 

As there is no observation data at Switchyard, Units 1 and 2, in order to ascertain the 

cause of damages to power facilities, we need to estimate the seismic waveform from 

observation data at close observation points. Based on that seismic waveform we will 

conduct the seismic resistance analysis simulating the detailed structure of power 

facilities as necessary. 

The schedule is as set out in table 1. As soon as the evaluation result is ready, we will 

report.  

 

 Table 1: preparation schedule 

Item Jun Jul Aug Sep Oct Nov Dec 

�Estimate seismic 

movement at 1F 

       

�Preparation of 

power facilities 

analytical model 

       

�Anti-quake analysis 

       

�Evaluation of cause 

of damages 

       

�item ��planning to deliver interim reports at times such as complet

ion of certain items 

 

b. Cause of damages to on-site power facilities at 1F 

At 1F, we are putting first priority to restoration of power supply in order to stabilize power 

plants. Also, as power facilities damaged are located in the Turbine Buildings with high 

radioactive contaminated water, it is impractical to conduct the site investigation. 

From now on, when the above are resolved and we are able to conduct the site 

investigation, in order to ascertain the cause of damages, we will conduct below as 

necessary. 

 



 

 Site investigation 

 Identify damaged parts 

 Analyze factors 

 Evaluate the cause 

 

(2) The cause of damages to major Tr, C/B, DS, PT and CT at Shin Fukushima 

Substation 

As the earthquake recording device at SFS stopped in the middle of Earthquake, we 

have only part of observation data. In order to ascertain the cause of damages to power 

facilities, we need to estimate the seismic waveform from observation data at close 

observation points and ground characteristics. Based on that seismic waveform we will 

conduct the seismic resistance analysis simulating the detailed structure of power 

facilities as necessary. 

The schedule is as set out in table 2. As soon as the evaluation result is ready, we will 

report.  

 

Table 2: preparation schedule 

Item May Jun Jul Aug Sep Oct Nov 

�Estimate seismic 

movement at SFS 

       

�Preparation of 

power facilities 

analytical model 

       

�Anti-quake analysis 

       

�Evaluation of cause 

of damages 

       

�item ��planning to deliver interim reports at times such as complet

ion of certain items 

 



 

Behaviors of on-site power supply sources according to plant data  

in Fukushima Daiichi Nuclear Power Station 

 
We will conduct the following analyses on behaviors of on-site power supply 

sources of each unit on March 11, 2011 according to plant data at the 

occurrence of the earthquake that we reported on May 16, 2011.  
 

- Unit 1 (Attachment-1) 

1. Plant was in operation. 

2. The earthquake occurred at 2:46 pm. 

3. Reactor scrammed at 2:46 pm. 

4. As off-site power was failed due to the earthquake, Diesel Generators (DG 

1A, 1B) started at 2:47 pm and was operated in normal conditions. Hence, 

it was recorded in the data that the voltage of emergency HV Switch Board 

(M/C 1C, 1D) were normally restored and that they was continuously 

operated until 3:17 pm. 

5. Japan Meteorological Agency issued major tsunami warning at 2:49 pm. 

6. “All AC sources are failed at 3:37 pm,” according to the shift supervisor 

task handover journal. 
 
- Unit 2 (Attachment-2) 

1. Plant was in operation. 

2. The earthquake occurred at 2:46 pm. 

3. Reactor scrammed at 2:47 pm due to the earthquake. 

4. As off-site power was failed due to the earthquake, Diesel Generators (DG 

2A, 2B) started at 2:48 pm and was operated in normal conditions. Hence, 

the voltage of emergency HV Switch Board (M/C 2C, 2D) was normally 

restored. 

5. Japan Meteorological Agency issued major tsunami warning at 2:49 pm. 

6. Electricity went out in the emergency HV Switch Board (M/C 2C) at 3:37 

pm and another one (M/C 2D) at 3:40 pm. 

 
- Unit 3 (Attachment-3) 

1. Plant was in operation. 

2. The earthquake occurred at2:46 pm. 

3. Reactor scrammed at 2:47 pm due to the earthquake. 

4. As off-site power was failed due to the earthquake, Diesel Generators (DG 

3A, 3B) started at 2:48 pm and was operated in normal conditions. Hence, 

Exhibit-1 



 

the voltage of emergency HV Switch Board (M/C 3C, 3D) was normally 

restored. 

5. Japan Meteorological Agency issued major tsunami warning at 2:49 pm. 

6. Diesel Generators (DG 3A, 3B) stopped at 3:38 pm.  

 
- Unit 4 (Attachment-4) 

1. Plant remained shut down for a periodical inspection.  

As we were replacing a process computer and a transient recorder during 

the inspection, these data are not available. 

2. Japan Meteorological Agency issued major tsunami warning at 2:49 pm. 

3. “On-site power is failed at 3:38 pm,” according to the shift supervisor task 

handover journal.  

 

- Unit 5 (Attachment-5) 

1. Plant remained shut down for a periodical inspection. 

2. The earthquake occurred at 2:46 pm. 

3. As off-site power was failed due to the earthquake, the Diesel Generator 

(DG 5B) started at 2:48 pm and another one (DG 5A) did at 2:49 pm and 

they were operated in normal conditions. Hence, the voltage of emergency 

HV Switch Board (M/C 5C, 5D) was normally restored. 

4. Japan Meteorological Agency issued major tsunami warning at 2:49 pm. 

5. The Diesel Generator (DG 5A) stopped on 3:39 pm and another one (DG 

5B) did at 3:40 pm. 

 
- Unit 6 (Attachment-6) 

1. Plant remained shut down for a periodical inspection. 

2. The earthquake occurred at 2:46 pm. 

3. As off-site power was failed due to the earthquake, the Diesel Generator 

(DG 6B) started at 2:48 pm and other ones (DG 5A, HPCS DG) did at 2:49 

pm and all of them were operated in normal conditions. Hence, the voltage 

of emergency HV Switch Board (M/C 6C, 6D, HPCS D/G M/C) was 

normally restored. 

4. Japan Meteorological Agency issued major tsunami warning at 2:49 pm. 

5. Electricity went out in the emergency HV Switch Board (M/C 6C, HPCS 

D/G M/C) at 3:40 pm. 

 



Analysis Result of Plant Data
Unit 1

Date Time Plant Status Confirmed by Note

14:46 Occurrence of Tohoku-Chihou-Taiheiyo-Oki Earthquake

14:46 Reactor Automatic Scrum A Alarm Recorder ①

Reactor Automatic Scrum B Alarm Recorder ②

14:47 D/G 1B Operation, C/B Closed Alarm Recorder ③

M/C 1D Voltage Established Alarm Recorder ④

D/G 1A Operation, C/B Closed Alarm Recorder ⑤

M/C 1D Voltage Established Alarm Recorder ⑥

14:49 Issuance of Major Tsunami Warning

15:17
D/G 1A, D/G 1B in Operation
M/G 1C, M/C 1D Voltage in Establishment

Plant date Analysis & Diagnosis
Information System ⑦

Normal condition was confirmed until
3:17 pm while the record of Plant data
Analysis & Diagonosis Information
System remained

15:37 Station Black Out
 Shift Supervisor Task Handover

Journal ⑧

2011/3/11



X101M906
テキストボックス
Unit 1 (in Operation)

X101M906
テキストボックス
Breakdown 

X101M906
テキストボックス
Alarm recorder 

X101M906
テキストボックス
BOP　recorder

X101M906
テキストボックス
NSS　recorder

X101M906
テキストボックス
OD　recorder　and　others



646108030
線

646108030
線

646108030
テキストボックス
①

646108030
テキストボックス
②



646108030
線

646108030
線

646108030
線

646108030
線

646108030
テキストボックス
③

646108030
テキストボックス
④

646108030
テキストボックス
⑤

646108030
テキストボックス
⑥



646108030
長方形

646108030
テキストボックス
⑦

646108030
線

646108030
線

X101M906
テキストボックス
Unit　1,　Fukushima Diichi　                Nuclear Power Station

X101M906
テキストボックス
Event data, time-series display

X101M906
テキストボックス
File name

X101M906
テキストボックス
Data displaying term, from 14:42:03 on Mar. 11, 2011to 15:17:02 on Mar. 11, 2011  

X101M906
テキストボックス
Event detecting time, 14:47:03:900 mili sec on Mar. 11, 2011

X101M906
テキストボックス
Group name; 1F-1 Emergency Core-Cooling System Flow rate (15)  

X101M906
テキストボックス
D/G_1A_Start up 

X101M906
テキストボックス
D/G_1B_Start up

X101M906
テキストボックス
D/G_1A_Closing Signal for Receiving Circuit Breaker (Disabled)

X101M906
テキストボックス
D/G_1B_Closing Signal for Receiving Circuit Breaker (Disabled)



646108030
線

646108030
線

646108030
長方形

646108030
テキストボックス
⑦

X101M906
テキストボックス
Group name; 1F-1 Others

X101M906
テキストボックス
6.9kV_1C Bus Voltage

X101M906
テキストボックス
6.9kV_1D Bus Voltage

X101M906
テキストボックス
Spare



646108030
線

646108030
テキストボックス
⑧

X101M906
テキストボックス
Unit 1 and 2, Fukushima Daiichi Nuclear Power Station 

X101M906
テキストボックス
Shift Supervisor Task Handover Journal

X101M906
テキストボックス
Shift 1 group A, Friday Mar. 11, 2011 

X101M906
テキストボックス
Operating Condition

X101M906
テキストボックス
Reactor Shut-down

X101M906
テキストボックス
Alarm "SEISMIC Trip" Occurred

X101M906
テキストボックス
Reactor Automatic Scram/ Main Turbine Automatic Shut-down (Occurrence of Miyagi pref. offshore Earthquake) 

X101M906
線

X101M906
テキストボックス
Situation of the Reactor: "Operation" to "Hot Shutdown"

X101M906
テキストボックス
All Control Rod were completely inserted.

X101M906
テキストボックス
MSIV　Full Open

X101M906
テキストボックス
D/G1A/1B Automatic Restart/ 1B Trip

X101M906
テキストボックス
Reactor Mode Switch: "Operation" to "Shutdown"

X101M906
テキストボックス
Reactor Subcritical

X101M906
テキストボックス
Torus Cooling (System A) IN/system　B) IN

X101M906
テキストボックス
Station Blackout



Analysis Result of Plant Data
Unit 2

Date Time Plant Status Confirmed by Note

14:46 Occurrence of Tohoku-Chihou-Taiheiyo-Oki Earthquake

Reactor Automatic Scrum B Alarm Recorder ①

Reactor Automatic Scrum A Alarm Recorder ②

D/G 2A Operation Alarm Recorder ③

D/G 2B Operation Alarm Recorder ④

D/G 2A C/B closed Alarm Recorder ⑤

M/C 2C Voltage Established Alarm Recorder ⑥

D/G 2B C/B closed Alarm Recorder ⑦

M/C 2D Voltage Established Alarm Recorder ⑧

14:49 Issuance of Major Tsunami Warning

15:37 D/G 2A C/B Opened Alarm Recorder ⑨

M/C 2C Voltage Lost Alarm Recorder ⑩

D/G 2B C/B Opened Alarm Recorder ⑪

15:40 M/C 2D Voltage Lost Alarm Recorder ⑫

2011/3/11
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14:47
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Analysis Result of Plant Data
Unit 3

Date Time Plant Status Confirmed by Note

14:46 Occurrence of Tohoku-Chihou-Taiheiyo-Oki Earthquake

Reactor Automatic Scrum A Alarm Recorder ①

Reactor Automatic Scrum B Alarm Recorder ②

D/G 3A C/B Closed Alarm Recorder ③

M/C 3C Voltage Established Alarm Recorder ④

D/G 3B C/B Closed Alarm Recorder ⑤

M/C 3D Voltage Established Alarm Recorder ⑥

14:49 Issuance of Major Tsunami Warning

15:38 M/C 3C Voltage Lost Alarm Recorder ⑦

D/G 3A Stop Alarm Recorder ⑧

D/G 3B Stop Alarm Recorder ⑨

15:39 M/C 3D Voltage Lost Alarm Recorder ⑩
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14:48
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Analysis Result of Plant Data
Unit 4

Date Time Plant Status Confirmed by Note

14:46 Occurrence of Tohoku-Chihou-Taiheiyo-Oki Earthquake

14:49 Issuance of Major Tsunami Warning

15:38 Station Black Out
Shift Supervisor Task Handover

Journal ①
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Analysis Result of Plant Data
Unit 5

Date Time Plant Status Confirmed by Note

14:46 Occurrence of Tohoku-Chihou-Taiheiyo-Oki Earthquake

D/G 5A Operation Alarm Recorder ①

M/C 5D Voltage Established Alarm Recorder ②

D/G 5A Operation Alarm Recorder ③

M/C 5C Voltage Established Alarm Recorder ④

14:49 Issuance of Major Tsunami Warning

15:39 D/G 5A Stop Alarm Recorder ⑤

M/C 5C Voltage Lost Alarm Recorder ⑥

D/G 5B Stop Alarm Recorder ⑦

M/C 5D Voltage Lost Alarm Recorder ⑧
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15:40
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Analysis Result of Plant Data
Unit 6

Date Time Plant Status Confirmed by Note

14:46 Occurrence of Tohoku-Chihou-Taiheiyo-Oki Earthquake

M/C 6D Voltage Lost Alarm Recorder ①

D/G 6B Operation Alarm Recorder ②

M/C 6D Voltage Established Alarm Recorder ③

M/C 6C Voltage Lost Alarm Recorder ④

M/C HPCS Voltage Established Alarm Recorder ⑤

D/G 6A Operation Alarm Recorder ⑥

M/C 6C Voltage Established Alarm Recorder ⑦

D/G HPCS Operation Alarm Recorder ⑧

M/C HPCS Voltage Established Alarm Recorder ⑨

14:49 Issuance of Major Tsunami Warning
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Damage analyses based on behaviors of on-site power facilities 

 

We will conduct the following analyses on causes for each on-site power 

facility based on its behaviors according to plant data at the occurrence of the 

earthquake.  

We will confirm the soundness of power facility on the ground that it can 

receive electricity or supply electricity to loads. 

 

① Unit 1 

Power supply source of Diesel Generators is received at an emergency HV 

Switch Board, connected with an emergency Power Center as a power panel 

at a downstream side and supplied to each load in the plant.  

After the earthquake occurred, Diesel Generators (DG 1A, 1B) started due 

to the failure of off-site power and their power was supplied to emergency HV 

Switch Boards (M/C 1C, 1D) and the voltage was normally restored. Hence, we 

can confirm that these power facilities were in sound conditions after the 

earthquake.  

In addition, regarding emergency Power Centers which are power supply 

sources for surrounding equipments required to continue operating Diesel 

Generators, we can confirm that the Power Centers were in sound conditions 

after the earthquake, as Diesel Generators were continuously operated. 

Moreover, Containment Spray System (A) and System (B) Pumps started 

after the earthquake as loads of emergency Power Centers and we found data 

after the earthquake in the chart of the recorder installed in the control panel of 

the central operation room. Hence, we can confirm the areas between Diesel 

Generators and emergency Power Centers were in sound conditions after the 

earthquake (Attachment-1). 

On the other hand, as all AC sources were failed after the tsunami reached, 

we think Diesel Generators (DG 1A, 1B), emergency HV Switch Boards (M/C 

1C, 1D) and emergency Power Centers (P/C 1C, 1D) were damaged by the 

tsunami.  

DC 125 V of power facilities (1A, 1B) whose power source is a battery in 

case of AC source failure are used for initial excitation for Diesel Generators or 

for control power supply to emergency HV Switch Boards. 

As Diesel Generators and emergency HV Switch Boards were normally 

operated after the earthquake, we can confirm that DC 125 V of power 

Exhibit-2 



 

 

facilities (1A, 1B) were in sound conditions. We assume that they were 

damaged thereafter. 

Due to the failure of off-site power, we cannot confirm the soundness of a 

regular use HV Switch Boards or a regular use Power Center after the failure. 

However, we assume that they were damaged by the tsunami, as they and 

an emergency HV Switch Boards are installed in almost the same area.  

 

② Unit 2 

Power supply source of Diesel Generators is received at an emergency HV 

Switch Board, connected with an emergency Power Center as a power panel 

at a downstream side and supplied to each load in the plant. 

After the earthquake occurred, Diesel Generators (DG 2A, 2B) started due 

to the failure of off-site power and their power was supplied to emergency HV 

Switch Boards (M/C 2C, 2D, 2E) and the voltage was normally restored. 

Hence, we can confirm that these power facilities were in sound conditions 

after the earthquake. 

In addition, MC 2E and M/C 2D are connected and power source of DG 2B 

is received at M/C 2E and supplied to M/C 2D. Hence, we can confirm that 

M/C 2E was also in a sound condition.  

Regarding an emergency Power Center (P/C 2E) which is a power supply 

source for surrounding equipments required to continue operating a Diesel 

Generator (DG 2B), we can confirm that the Power Center was in a sound 

condition after the earthquake, as a Diesel Generator was continuously 

operated. 

Moreover, Residual Heat Removal System Pumps (RHR (A) and (C)) started 

after the earthquake as loads of emergency HV Switch Boards and we found 

data after the earthquake in the chart of the recorder installed in the control 

panel of the central operation room as loads of an emergency Power Center. 

Hence, we can confirm the areas between Diesel Generators and the 

emergency Power Center were in sound conditions after the earthquake 

(Attachment-2). 

On the other hand, as all AC sources were failed after the tsunami reached, 

we think Diesel Generators (DG 2A, 2B), emergency HV Switch Boards (M/C 

2C, 2D, 2E) and the emergency Power Center (P/C 2E) were damaged by the 

tsunami.  

DC 125 V of power facilities (2A, 2B) whose power source is a battery in 



 

 

case of AC source failure are used for initial excitation for Diesel Generators or 

for control power supply to emergency HV Switch Boards. 

As Diesel Generators and emergency HV Switch Boards were normally 

operated after the earthquake, we can confirm that DC 125 V of power 

facilities (1A, 1B) were in sound conditions. We assume that they were 

damaged thereafter.  

Due to the failure of off-site power, we cannot confirm the soundness of a 

regular use HV Switch Board or a regular use Power Center after the failure. 

However, we assume that they were damaged by the tsunami, as they and an 

emergency HV Switch Board are installed in almost the same area. 

 

③ Unit 3 

Power supply source of Diesel Generators is received at an emergency HV 

Switch Board, connected with an emergency Power Center as a power panel 

at a downstream side and supplied to each load in the plant. 

After the earthquake occurred, Diesel Generators (DG 3A, 3B) started due 

to the failure of off-site power and their power was supplied to emergency HV 

Switch Boards (M/C 3C, 3D) and the voltage was normally restored. Hence, 

we can confirm that these power facilities were in sound conditions after the 

earthquake.  

Regarding emergency Power Centers (P/C 3C, 3D) which is a power supply 

source for surrounding equipments required to continue operating Diesel 

Generators, we can confirm that the Power Centers were in sound conditions 

after the earthquake, as Diesel Generators were continuously operated. 

Moreover, we found data after the earthquake in the chart of the recorder 

installed in the control panel of the central operation room as loads of the 

emergency Power Centers. Hence, we can confirm the areas between Diesel 

Generators and emergency Power Centers were in sound conditions after the 

earthquake. 

On the other hand, as all AC sources were failed after the tsunami reached, 

we think Diesel Generators (DG 3A, 3B), emergency HV Switch Boards (M/C 

3C, 3D) and emergency Power Centers (P/C 3C, 3D) were damaged by the 

tsunami. 

Due to the failure of off-site power, we cannot confirm the soundness of a 

regular use HV Switch Board or a regular use Power Center after the failure. 

However, we assume that they were damaged by the tsunami, as they and an 



 

 

emergency HV Switch Board are installed in the almost same area. 

Due to the failure of off-site power, we cannot confirm the soundness of a 

regular use HV Switch Board or a regular use Power Center after the failure. 

However, we assume that they were damaged by the tsunami, as they and an 

emergency HV Switch Board are installed in almost the same area. 

 

④ Unit 4 

Power supply source of Diesel Generators is received at an emergency HV 

Switch Board, connected with an emergency Power Center as a power panel 

at a downstream side and supplied to each load in the plant. 

Though the on-site power source was failed at 3:38 pm according to the 

shift supervisor task handover journal, we cannot data regarding operations of 

Diesel Generators, as we were replacing a process computer and a transient 

recorder.  

However, as all AC sources were failed after the tsunami reached and 

damaged power facilities are installed in almost the same area (the first 

basement) as those in other units, we assume that Diesel Generators (DG 4A, 

4B), HV Switch Boards (M/C 4A, 4B, 4C, 4D, 4E), an emergency Power 

Center (P/C 4E) and DC 125V of power facilities (4A, 4B) were damaged by 

the tsunami. 

As we found data after the earthquake in the chart of the recorder installed 

in the control panel of the central operation room as loads of emergency 

Power Centers, we can confirm the areas between Diesel Generators and 

emergency Power Centers were in sound conditions after the earthquake.  

 

⑤ Unit 5 

Power supply source of Diesel Generators is received at an emergency HV 

Switch Board, connected with an emergency Power Center as a power panel 

at a downstream side and supplied to each load in the plant. 

After the earthquake occurred, Diesel Generators (DG 5A, 5B) started due 

to the failure of off-site power and their power was supplied to emergency HV 

Switch Boards (M/C 5C, 5D) and the voltage was normally restored. Hence, 

we can confirm that these power facilities were in sound conditions after the 

earthquake. 

In addition, regarding emergency Power Centers (P/C 5C, 5D) which are 

power supply sources for surrounding equipments required to continue 



 

 

operating Diesel Generators, we can confirm that the Power Centers were in 

sound conditions after the earthquake, as Diesel Generators were 

continuously operated. 

Moreover, Residual Heat Removal Seawater System Pump (RHRS Pump 

D) started after the earthquake as a load of an emergency HV Switch Board 

and we found data after the earthquake in the chart of the recorder installed in 

the control panel of the central operation room as loads of emergency Power 

Centers. Hence, we can confirm the areas between Diesel Generators and 

emergency Power Centers were in sound conditions after the earthquake 

(Attachment-3). 

On the other hand, as all AC sources were failed after the tsunami reached, 

we think Diesel Generators (DG 5A, 5B), emergency HV Switch Boards (M/C 

5C, 5D) and emergency Power Centers (P/C 5C, 5D) were damaged by the 

tsunami. 

Due to the failure of off-site power, we cannot confirm the soundness of a 

regular use HV Switch Board or a regular use Power Center after the failure. 

However, we assume that they were damaged by the tsunami, as they and an 

emergency HV Switch Board are installed in almost the same area. 

 We think emergency and regular use HV Switch Boards and emergency 

and regular use Power Centers are damaged by the tsunami, as we confirmed 

part of them at the site in the light of early restoration and their parts where 

corrosion by seawater was confirmed were replaced and power was received 

there.   

 

⑥ Unit 6 

Power supply source of Diesel Generators is received at an emergency HV 

Switch Board, connected with an emergency Power Center as a power panel 

at a downstream side and supplied to each load in the plant. 

After the earthquake occurred, Diesel Generators (DG 6A, 6B, HPCS DG) 

started due to the failure of off-site power and their power was supplied to 

emergency HV Switch Boards (M/C 6C, 6D, HPCS D/G M/C) and the voltage 

was normally restored. Hence, we can confirm that these power facilities were 

in sound conditions after the earthquake.  

Moreover, we found data after the earthquake in the chart of the recorder 

installed in the control panel of the central operation room as loads of the 

emergency Power Centers. Hence, we can confirm the areas between Diesel 



 

 

Generators and emergency Power Centers were in sound conditions after the 

earthquake. 

We think that Diesel Generators (DG 6A, HPCS DG) were damaged by the 

tsunami, as electricity went out in emergency HV Switch Boards (M/C 6C, 

HPCS D/G) after the tsunami arrived.  

Due to the failure of off-site power, we cannot confirm the soundness of a 

regular use HV Switch Board or a regular use Power Center after the failure. 

However, we assume that they were damaged by the tsunami, as they are 

installed in almost the same area as those in other units. 

We think emergency and regular use HV Switch Boards and emergency 

and regular use Power Centers are damaged by the tsunami, as we confirmed 

part of them at the site in the light of early restoration and their parts where 

corrosion by seawater was confirmed were replaced and power was received 

there. 

  

⑦ Toden Genshiryoku Line 

We have confirmed flaws in cables, but we cannot estimate their causes 

when we judge the causes from plant data at the occurrence of the 

earthquake.  
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The root cause analysis result of damages to on-site power facilities at Fukushima Daiichi Nuclear Power Station Exhibit-3
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　　　　　　　         ：Estimated to be Tsunami according to the plant data at the time of the earthquake occurance
　　　　　　　         ：Assumed to be Tsunami

　※１：　"Yes" means that the start of Diesel Generator and power receive, power supply
            are confirmed according to the plant data at the time of the earthquake occurance.
　※２：　From the viewpoint of early restoration of power supply, the power receive was
           completed after confirmation of site and change the parts damaged and eroded
           by the sea water
　※３：　Inoperable due to submerging of M/C
  ※４：　Relating facilities were received water of submerged



The root cause analysis result of damages to on-site power facilities at Fukushima Daiichi Nuclear Power Station
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－ － － － － － － － － － － － － － － － P/C 5SA-1 Yes No （Tsunami） － － － －

－ － － － P/C 2SB Yes No （Tsunami） P/C 3SB Yes No （Tsunami） － － － －
P/C 5SB
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Yes No （Tsunami） － － － －
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P/C 1A Yes No

　　　　　　　         ：Estimated to be Tsunami according to the plant data at the time of the earthquake occurance
　　　　　　　         ：Assumed to be Tsunami

　※１：　"Yes" means that the start of Diesel Generator and power receive, power supply
            are confirmed according to the plant data at the time of the earthquake occurance.
　※２：　From the viewpoint of early restoration of power supply, the power receive was
           completed after confirmation of site and change the parts damaged and eroded
           by the sea water
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Inundation Level & Area and Runup Level of Fukushima Daiichi Nuclear Power Station
(Extract from "Investigation Results regarding Tsunami at Fukushima Daiichi and Daini Nuclear Power Stations")
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