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Magnitude	of	Earthquake	and	Tsunami		

震源

原⼦⼒発電所

Seismic intensity distribution of 
present earthquake  

Source area of present earthquake  
(Created by Earthquake Research Institute, University of Tokyo)  

Source of present tsunami  
(Created by TEPCO)  

Earthquake time: Match 11, 2011 (Friday), 2:46 PM  
•  Site of occurrence: Off the Sanriku coast (lat. 38º 06.2′N, long. 142º 51.6′ E.), Focal depth: 24 km  
•  Magnitude of earthquake: 9.0  
•  Intensity at each location: Kurihara City, Miyagi Prefecture - Intensity 7  
•  Intensity 6 Upper: Naraha, Tomioka, Okuma and Futaba town in Fukushima Prefecture  
•  Intensity 6 Lower: Ishinomaki City and Onagawa town in Miyagi Prefecture, Tokai village in Ibaraki 

Prefecture  
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Damage	to	Fukushima	Daiichi	NPS	(1)	

Flooded	Areas	at	Fukushima	Daiichi	NPS		
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Damage	to	Fukushima	Daiichi	NPS	(2)	

Confirmation result for the main 
flooding route by on-site confirmation 
surrounding the building  
(1) Building entry/exit  
(2) Equipment hatch  
(3) Emergency D/G air supply louver  
(4) Trench, duct (penetration of 
cables) etc.  
⇒ Flooding of D/G, electric panel 
room etc. through these.  Unit 1 containment seawater cooling system pump  

Unit 1 D/G (1B)  

Unit 1 power panel at 
turbine building level 1  

Unit 5 sea side seawater pump area  
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MCR	Layout	at	the	Cme	of	the	Accident	

4 to 5 auxiliary equipment operators	

MCR	for	Unit	1	

MCR	for	Unit	2	

Shi>	
supervisor	

deputy		
supervisor	

senior	
operator	

Senior	
Operator	

auxiliary	
operator	

auxiliary	
operator	

auxiliary	
operator	

auxiliary	
operators	

operator	

operator	
deputy	senior	
operator	
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IsolaCon	Condenser	(IC)		



Damage	to	Fukushima	Daiichi	NPS	(3)	

OperaDng	Staff	had	to	work	at	MCRs	
	with	very	limited	lightning 

Tsunami	that	hit	the	power	staDon 
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IC	operaCon	aIer	the	Earthquake	

① 

② 

③ 
④ 

⑤ 

0 2 4 6 8 

MPa  
① 	Scram	by	the	earthquake 14:46  
②  Pressure	increase	due	to	MSIV	closure 
③  DepressurizaDon	due	to	IC	operaDon 14:52  
④  Pressure	increase	due	to	stop	of	IC 
⑤  pressure	change	related	to	IC	operaDon	
(esDmaDon) 

 around 15:30:  
end of data recording 

RPV	pressure	chart 

Unit	1		
MCR	

3A	4A	

1A	 2A	
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OrganizaCon	chart	of	site	ERC	

R/B	4F					　　　　　					
IC	Vent	pipe	

R/B	

C/B	

		 	 		
InformaDon	
Team	

1.Send/receive	 informaDon	 with	 the	 Headquarter	 in	
Tokyo	
2.Gather	informaDon	from	each	team	

		 	 		

		 	 		 		 		
		 	 		 NoDficaDon	

Team	
1.NoDce&Lieson	w/	external	related	organizaDons	

		 	 		
		 	 		 		 		
		 	 		 PR	Team	 1.Respond	to	mass	media	
		 	 		
		 	 		 		 		
		 	 		 Engineering	

Team	

1.Assess	the	accident	status	
2.EsDmate	scope	of	the	impact	
3.Study	measures	to	prevent	spread	of	accident			 	 		

		 	 		 		 		
		 	 		

Safety	Team	
1.Status	check	of	radiaDon	in	and	out	of	the	site	
2.Exposure	and	contaminaDon	control	
3.EsDmate	the	cope	of	impact			 	 		

HQ	(General	
Management)	

General	
Manager:	

Nuclear	Safety	
Manager	
	(Site	

Superintendent)	

	 		 		
	 		 R e c o v e r y	

Team	

1.Form&implement	emergency	restoraDon	plan	
2.Create	plan	to	restore	from	the	accident	
3.Fire	fighDng	acDvity		 		

	 		 		 		

		 	 		 P o w e r	
GeneraDon	
Team	

1.Grasp	the	status	of	the	accident	
2.Take	 measures	 needed	 to	 prevent	 the	 accident	 from	
spreading	
3.MainDan	security	of	the	site	facility	

		 	 		
		 	 		 		 		
		 	 		 M a t e r i a l	

Team	
1.Procure	&	transport	materials	
2.Procure	mobile	resources			 	 		

		 	 		 		 		
		 	 		 W e l f a r e	

Team	
1.Procure	foods	and	clothes	
2.Arrange	accommodaDons			 	 		

		 	 		 		 		
		 	 		 M e d i c a l	

Team	
1.Medical	support	

		 	 		
		 	 		 		 		
		 	 		

G e n e r a l	
Affairs	Team	

1.Share	informaDon	within	the	site	
2.Establsih	&	Operate	the	Counter-	measure	Headquarter	
3.Gather	and	move	resources	
4.Other	items	

		 	 		

		 	 		 		 		
		 	 		 Patrolling	 /

G u i d a n c e	
Team	

1.On-site	patrolling	
2.EvaluaDon/guidance	of	visitors	
3.Operate	physical	protecDve	facility			 	 		 ©Tokyo Electric Power Company, Inc. All Rights Reserved. 	



　Deputy	director	

	
　　　	

	

	SRE	(5-6U)	
Disaster	prevenDon	and	safety	Gr	manager	
 	

Senior	Reactor	Engineer	(1-4U)	
	

２４	

１３	
１４	

１５	

１６	

１７	

１８	

１９	

２０	

２１	

２２	

２３	

１	

２	

３	

４	

５	

６	

７	

８	

９	

１０	

１１	

１２	

Safety	team	leader	

Deputy	director	

Welfare	team	leader	

General	Affairs	team	
leader	Resource	team	leader	

Security/guidance	team	leader	

External	CommunicaDon	team	leader	

NoDficaDon	team	leader	

Medical	team	leader	

Director	

InformaDon	team	leader	

Deputy	director	

Deputy	director	

Deputy	director	

　Deputy	director	

Senior	Director		

Power	generaDon	
team	leader	

RestoraDon	team	leader	

２５	

Quality	and	safety	senior	manager	

Engineering	team	leader	

Disaster	prevenDon	senior	manager	

Floor	plan	at	the	site	ERC	
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SPDS	informaDon	(safety	parameter	
display	system)	is	displayed	in	large-
sized	screens,	round	table	and	small	
monitors	for	each	team.	Staff	can	check	
and	monitor	the	latest	status	of	the	
plant.		

Emergency	
Response	
Center 

Share	informaDon	via	large	screens 

(Round	Table	and	Teams)	
Share	informaDon	via	small	monitors 

Reference)	communicaCon	during	normal	operaCon	
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IC	operaCon	aIer	the	Tsunami	
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Floor	plan	of	Unit	1	Rector	Building	

Ｒ／Ｂ	

Double	doors	

Ｃ／Ｂ	

Ｔ／Ｂ	
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Logic	sequence	of	IC	operaCon	

◆AutomaDc	Start	

CS	locaDon	AUTO	

RPV	pressure	high	(A)	

Outer	side	containment	isolaDon	valve	
MO-3A　Open	
MO-3B　Open	

◆AutomaDc	Shutdown	

RPV	pressure	high	(C)	
RPV	pressure	high	(B)	
RPV	pressure	high	(D)	

7.13MPa	

7.13MPa	
7.13MPa	

7.13MPa	

ConDnue	
for	15	sec.	

CS	locaDon	AUTO	
Piping	differenDal	pressure	high	(subsystem-A)	
STEAM	dPS-1349-A,C	

Containment	isolaDon	valves	inside	PCV	
MO-1A	Closed	

Containment	isolaDon	valves	outside	PCV	
MO-2A	Closed	

Outer	side	containment	isolaDon	valve	
MO-3A	

IsolaDon	valves	inside	condenser	
MO-4A	

MO-17A	Closed	
MO-20A	Closed	

Piping	differenDal	pressure	high	(subsystem-A)	
WATER	dPS-1350-A,C	

62.27kPa	

31.87kPa	
CS	locaDon	AUTO	

Piping	differenDal	pressure	high	(subsystem-B)	
STEAM	dPS-1349-B,D	

Containment	isolaDon	valves	inside	PCV	
MO-1B	Closed	

Containment	isolaDon	valves	outside	PCV	
MO-2B	Closed	

Outer	side	containment	isolaDon	valve

MO-3B	

IsolaDon	valve	inside	IC

MO-4B	Closed

MO-17B	Closed

MO-20B	Closed


Piping	differenDal	pressure	high	(subsystem-B)	
WATER	dPS-1350-B,D	

62.27kPa	

49.82kPa	
？	
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AlternaCve	water	injecCon	lines	
		

Filtered	Water	Tank			

Condensate	Storage	
	Tank	

		

Fire	exCnguishing	system			
Electric	pump			

D/G	pump	 		

Electric	pump	
(stand-by)	 		

Electric	pump			
Condensate	Water	Makeup	System	

Core	Spray	System			
CV	Cooling	System	

		

PV	

		

Drywell	 		

Suppression	pool	 		

MO	

MO	

MO	

MO	

Fire	Engines	Sources	
back-c leaning	
valves	pits,	etc.	
(seawater,	etc.)	

AlternaDve	water	injecDon	from	CST	
AlternaDve	water	injecDon	line	from	FP		

AlternaDve	water	injecDon	line	from		
fire	engines	
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Design	document	and	Training	material	for	Operators	

Design documents and training manuals for operators	
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IC	operaCon	

Movie when IC is activated	

©Tokyo Electric Power Company, Inc. All Rights Reserved. 	



Improved	operaCng	crew	staffing	

Judge	operaDon	
Instruct/order	to	
operators 

Oversight	&	operaDon	

A	pair	of	workers	
form	a	team	to	
respond	the	field	
based	on		the	
instrucDon	of	the	
deputy	shi>	
operator. 

Oversight/		
operaDon/	
instrucDon 

Shi>	supervisor 

deputy	senior	
operator	

deputy	senior	
operator	

senior	operator main	equipment	
operator 

Senior	operator	 main	equipment	
operator 

auxiliary	equipment	
operator 

auxiliary	equipment	
operator 

Senior	operator	or	
deputy	senior	operator	

auxiliary	equipment	
operator 

auxiliary	equipment	
operator 

auxiliary	equipment	
operator 

Senior	operator	or	
deputy	senior	operator	

auxiliary	equipment	
operator 

OperaDon	to	
respond	the	
field 

OperaDon	to	
respond	the	
field 

Structure	of	Unit	7	
during	the	event 

Structure	of	Unit	6	
during	the	event 

Liaison/coordinate	with	EMR	
Coordinate	among	unit	reactors		
Monitor	deputy	senior	operator	

Field	Support	(IniDal	fire	exDncDon,	etc.) 

auxiliary	
equipment	
operator 

auxiliary	
equipment	
operator 

Staff	in	charge	of	
field	support 

Field 

MCR 

Unit	7	under	operaCon	  
Support	shi>	supervisor	operaDon	
Coaching	and	skill	transfer	to	operators	
Grasp	the	plant	status	

（when	2	plants	are	in	operaCon:		18	crew	+	1	STA)	

Unit	6	under	operaCon	 

Oversight/		
operaDon/	
instrucDon 

Judge	operaDon	
Instruct/order	to	
operators 

Oversight	&	operaDon	
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IntroducCon	of	ICS	concept	

(Before)	Build	12	funcDonal	teams	in	parallel	under	the	Director. 
(A>er)	Narrow	the	Director’s	span	of	control		and	straDfy	groups	by	funcDon 

PR	team 
Director		

the	nuclear	disaster	
prevenDon	
manager(site	
superintendent) 

NoDficaDon	team 

InformaDon	team 

Engineering	team 

RestoraDon	team 

Security	team 

Power	generaDon	
team 

Resource	team 

Welfare	team 

Medical	team 

General	Affairs	team 

Patrolling/guidance	
team 

SRE 

Safety	Auditor 

U1-5	Controller 

Unit	7	Controller 

 

RestoraDon	team	U1-5)	

General	Affairs	team 

Resource	team 

Site/PR	team External	response	
controller 

NoDficaDon	team 

Planning	team	U1-5 

Planning	team	U6-7 

Security	team 

Planning/	

InformaCon 

Director 
Disaster	PrevenDon	

Controller(Site	
Superintendent)	 

Decision	making/	
command 

LogisDcs/
resource	
management 

Internal	
communicaDon 

External	
communicaDon 

Data	
collecDon/
planning 

Unit	6	Controller 

Unit	team	(U1-5)	

RestoraDon	team	(U6)	

Unit	team	(U6)	

RestoraDon	team	(U7)	

Unit	team	(U7)	
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Improved	communicaCon	tools	

TSC	MCR	

Plant data  
transmission  

system	

（Wireless network）	

Wired network 
(existing since 

before the accident)	

Safety Related 
Parameter 

Display system	

Satellite 
phone 
system	

Radio 
communication 

tool	

Satellite 
phone 
system	

Radio 
communication 

tool	

Enhanced diversity of communication tools between MCRs and TSC	
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HPCI	data	chart	at	Unit	3	

21 

-4000	

-2000	

0	

2000	

4000	

6000	

3/12 6:00	3/12 9:00	3/12 12:00	3/12 15:00	3/12 18:00	3/12 21:00	3/13 0:00	3/13 3:00	3/13 6:00	3/13 9:00	3/13 12:00	3/13 15:00	

原子炉水位	
（燃料域※１)(A)	
（mm）	

原子炉水位	
（燃料域※１)(B）	
（mm）	

当直引継日誌別紙 水
位※２（mm）	

0.00 	

2.00 	

4.00 	

6.00 	

8.00 	

10.00 	

3/12 6:00	3/12 9:00	3/12 12:00	3/12 15:00	3/12 18:00	3/12 21:00	3/13 0:00	3/13 3:00	3/13 6:00	3/13 9:00	3/13 12:00	3/13 15:00	

A系 原子炉圧力	
（MPa abs）	

当直引継日誌別紙 	
原子炉圧力（MPa 
abs）	

運転中（7.1MPa abs）	

逃がし弁機能設定圧力（7.54,7.61,7.68MPa abs）	

設計圧力（8.7MPa abs）	

運転圧力（7.1MPa abs）	

0.000 	

0.200 	

0.400 	

0.600 	

0.800 	

1.000 	

3/12 6:00	3/12 9:00	3/12 12:00	3/12 15:00	3/12 18:00	3/12 21:00	3/13 0:00	3/13 3:00	3/13 6:00	3/13 9:00	3/13 12:00	3/13 15:00	

S/C圧力（MPa abs）	

D/W圧力（MPa abs）	

当直引継日誌別紙 
S/C圧力（MPa abs）	

当直引継日誌別紙 
D/W圧力（MPa abs）	

運転中（0.11MPa abs）	

設計圧力（0.49MPa abs）	

１号機原子炉建屋爆発（15:36）	
TAF到達<地震発生後	
約42時間>（9:10頃）	

炉心損傷開始［水素発生開始］	
<地震発生後約44時間>（10:40頃）	

＜MAAP解析＞	

TAF	

L-0（-1220mm）	

L-1（450mm）	

L-2（2950mm）	

L-8（5655mm）	

NWL（5327mm）	
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HPCI	(High	Pressure	Core	InjecCon)	system	at	Unit	3		
Condensate	Storage	
	Tank	

RPV	 MO	
	

Main	Steam	Tube		

MO	
	

FIC	
	

MO	
	

Stream	
Volume	
Control	

Turbine	

MO	
	

MO	
	

MO	
	

Water	Source	Switch	Line	
MO	
	

Pressure		
Control		
Room	

MO	
	

HO	

HO	

AO	
	

W
at
er
	S
up

pl
y	
Sy
st
em

	

Turbine	Stop	
Valve	

Regulator	Valve	

RCV	

MO	
	

Minimum	Flow	
Bypass	Valve	

Minimum	Flow	Line	

InjecDon	Line	

Steam	Tube	

MO	
	

Test	Line	

MO	
	

Test	Bypass	Valve	
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Filtered Water Tank 

Condensate Storage 
 Tank 

E l e c t r i c a l 
Pump	

Electrical Pump(Standby)	

Electrical Pump	
Condensate Water 
Makeup System	

S u p p r e s s i o n 
Pool	

Drywell	
Condensate Water 
Makeup System	

L o w P r e s s u r e 
Water Injection	

RCV Cooling	

Pressure Vessel Head Spray	 消
火
系	

C
on

d
en

sa
te 

W
ater 

M
akeup 

System	

Fire Extinguishing System	

C o n d e n s a t e 
Water Makeup 
System	

P
r

e
s

s
u

r
e 

Vessel	

Condensate Water 
Makeup System	

Suppression Pool 
Spray	

D/G Pump	

MO MO 

MO 

MO MO 

MO 

MO 

MO 

MO MO 

Fire Engines	

Water	injecCon	by	fire	engines	
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【HPCI Shutdown and Responses Afterwards】 

n  Operators thought they could manually open SRV only with the light of the indicator 
lamp. The status should have been carefully checked,  

n  They should have prepared necessary gas (nitrogen cylinder) to start-up and D/C 
power to drive the solenoid valve in advance.  

n  Depressurizing should have been conducted with keeping HCPI’s operation, and 
then inject cooling water via D/D FP. 

n  Similar to the situation we had with IC, risk analysis of the HPCI shutdown was not 
sufficient.  

【On information sharing before HPCI shutdown】 

n  The idea to stop HPCI was shared among shift team and TSC Power Generation 
team, while it took one hour for the entire TSC to recognize it . 	

⭕It is necessary for the site to have a structure that can endure simultaneous events in 
multiple units and continuous response for the long term.  

Lessons	from	HPCI	operaCon	at	Unit3	
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Conclusions	

Our Resolution: 
We will never forget the 
Fukushima Nuclear 
Accident. We will　increase 
the level of safety today 
more than yesterday and　
tomorrow more than today, 
and we will become a 
nuclear　operator that 
continues to create 
unparalleled safety.	
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