FUK

¢9 TOKYO ELECTRIC POWER COMPANY

TEPCO

UMAN ASPECT OF THE

IMA

DAIIC

| ACCI

Takafumi ANEGAWA

Tokyo Electric Power Company

DENT



Magnitude of Earthquake and Tsunami

Earthquake time: Match 11, 2011 (Friday), 2:46 PM
Site of occurrence: Off the Sanriku coast (lat. 38° 06.2'N, long. 142° 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 Miyaqgi Prefecture, Tokai village in Ibaraki

Prefecture
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Damage to Fukushima Daiichi NPS (1)

) Fukushima
All the facilities in Fukushima Daiichi Daiichi

were flooded.

ey Flobded 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:rb:ne Building

Flood height
Unit 1 to 4: O.P. Approx. +11.5to +15.5 m
Unit 5, 6: O.P. Approx. +13to +14.5m

. Site height /J(-/‘O‘\l‘*’—:

XY op +iom-
(Unit 1-41)

Emergency D/G
air supply louver

cfeo)
. ‘ R

*1 Site height of unit 5 and 6 is O.P. + 13m.

Building Unit 1 power panel at
EJ“IWE*“H ~ = turbine building level 1

Equipment Hatch

*2 Unit 6 D/G is placed in building other than reactor

building.
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MCR Layout at the time of the Accident

MCR for Unit 2

4 1o 5 auxiliary equipment operators

MCR for Unit 1

(Oauxiliary (O)2uxiliary
operator operatg
operator
nior‘
eputy senig
perator @
0. operator
senior @ operator
@) operator deputy
auxiliarg) supervisor “@spift  (auxiliary
operators

supervisor operator
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Isolation Condenser (IC)

Atmospheric
release

Cooling
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Damage to Fukushima Daiichi NPS (3)

Tsunami that hit the power station = Operating Staff had to work at MCRs
with very limited lightning
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IC operation after the Earthquake around 15-30:

end of data recording

Unlt 1 , = .?,f : ; : l ii* 'l] ; T v;llllgT-l
MCR Sl 0 e
, : L R ’ I l t:" | -
. |,‘T i i ?‘l?; ' =
C R | | | _‘} ’ ' ....T,.‘..‘..t‘.]“‘,.*;.\.' '
AR i i
B ! veppeestiad - ~‘% : @
. /@
: ]
i m
 m
mJ..‘é -l
L=
om

@ Scram by the earthqu§I<PV P(ffas%e)chart (MPa)

@ Pressure increase due to MSIV closure
(3) Depressurization due to IC operation (14:52)
@ Pressure increase due to stop of IC

() TOKYO ELECTRIC POWER COMPANY

©Tokyo EledmictPawati@ampany, Inc. All Rights Reserved.



ERC

Organization chart of site

1.Send/r mation with the Headquarter in |
Information Tokyo
Team 2.Gather information from each team
Notification
1.Notice&Lieson w/ external related organizations
Team
PR Team 1.Respond to mass media

Engineering
Team

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

1.Status check of radiation in and out of the site
Safety Team 2.Exposure and contamination control
3.Estimate the cope of impact

HQ (General

Recover 1.Form&implement emergency restoration plan
Management) Y| 2.create plan to restore from the accident
General Team 3.Fire fighting activity

Manager:
Nuclear Safety
Manager
(Site
Superintendent)

Power
Generation
Team

spreading

1.Grasp the status of the accident
2.Take measures needed to prevent the accident from

3.Maintian security of the site facility

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

W e lfare| 1.Procure foods and clothes
Team 2.Arrange accommodations

C/B

Medical
Team

1.Medical support

4.0ther items

1.Share information within the site
G e neral| 2Establsih & Operate the Counter- measure Headquarter
Affairs Team 3.Gather and move resources

TERPCO

€9 TOKYO ELECHRIGPRRITR EOMPIy L Onsite patroling

dancel| 2.Evaluation/guidance of visitors
Team 3.0perate physical protective facility
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Floor plan at the site ERC

Power generation

team leader

Restoration team leader, = X
@ Engineering team leader

Deputy director@

~

Safety team leader

Information team leader @ ) Medical team leader

(=) 1e]

Deputy director

Welfare team leader
Deputy director

@D Senior Director

General Affairs team

D Resource team leader

Deputy director

G

Director

Deputy director

Notification team leader

External Communication team leader . .
Quality and safety senior manager

@ Senior Reactor Engineer (1-4U)

N\
_
Security/guidance team Ieader@ @ @ N2 SRE (5-6U)
Dis

) OIS

Deputy director

aster prevention and safety Gr manager
Disaster prevention senior manager
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Reference) communication during normal operation

Share information via large screens

SPDS information (safety parameter
display system) is displayed in large-
sized screens, round table and small
monitors for each team. Staff can check
and monitor the lates

plant. g

Emergency
Response
Center

LR

'(Round Table and Teams)

gﬁfhare information via small gnonito
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IC operation after the Tsunami
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Floor plan of Unit 1 Rector Building

Double do
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Logic sequence of IC operation

& Automatic Start

CS location AUTO

Outer side containment isolation valve

RPV pressure high (A)

7.13MPa

RPV pressure high (C)

7.13MPa

RPV pressure high (B)

RPV pressure high (D)

7.13MPa

A 4

A 4

7.13MPa

SRy
Lrl

& Automatic Shutdown

CS location AUTO

Continue
for 15 sec.

MO-3A Open

MO-3B Open

Containment isolation valves inside PCV
MO-1A Closed
Containment isolation valves outside PCV
MO-2A Closed
Outer side containment isolation valve
MO-3A
Isolation valves inside condenser
MO-4A
MO-17A Closed

Piping differential pressure high (subsystem-A)
STEAM dPS-1349-A,C

62.27kPa

vy

MO-20A Closed

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

31.87kPa

CS location AUTO

Containment isolation valves inside PCV
MO-1B Closed
Containment isolation valves outside PCV
MO-2B Closed
Outer side containment isolation valve

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

62.27kPa

\ A 4

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

o0e
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49.82kPa

b
b

> MO-3B
Isolation valve inside IC
MO-4B Closed

MO-17B Closed
MO-208B Closed

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




Alternative water injection lines

L

Sources

. _|Fire Engines D/G pump
back-cleaning
valves pits, etc.

(seawater, etc.)

PV
< v
\_/
Drywell
E3
Suppression pool GD G
I

CV Cooling System

Core Spray System

oy o

/\ Electric pump

Electric pump
(stand-by)

—@— Condensate Storage

. Tank
Electric pump

Condensate Water Makeup System

——Alternative water injection from CST

Alternative water injection line from FP

— Alternative water injection line from
fire engines

L
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Design document and Training material for Operators

TTTTT
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IC operation

Movie when IC is activated
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Improved operating crew staffing

STA

Structure of Unit 7
during the event

Support shift supervisor operation
Coaching and skill transfer to operators

Gra

deputy senior
operator

senior operator

Oversight/
operation/
instruction

Senior operator or
deputy senior operator

operator

auxiliary equipment

p the plant status

Shift supervisor

Judge operation
Instruct/order to
operators

main equipment
operator

auxiliary equipment

(fperator

auxiliary equipment

operator

|
|
|
|
|
|
|
|
|
|
|
|
|
|
Oversight & operation :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Operation to

---------------------------- Trespond the = = —

Field Support (Initial fire extinction, etc.)

field

Staff in charge of
field support

auxiliary
equipment

auxiliary
equipment

- T T Toperator T T 1T

L
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Senior operator

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

deputy senior
operator

Unit 6 und .

Structure of Unit 6
during the event

Judge operation
Instruct/order to
operators

— T

Oversight/
operation/
instruction

Senior operator or
deputy senior operator
auxiliary equipment
operator

main equipment
operator

Oversight & operation

auxiliary equipment

olperator

auxiliary equipment

operator

Operation to
respond the
field

MCR

Field

A pair of workers
form a team to
respond the field
based on the
instruction of the
deputy shift
operator.

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

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




Introduction of ICS concept

(Before) Build 12 functional teams in parallel under the Director.
(After) Narrow the Director’s span of control and stratify groups by function

Director | Director Mooogoo SRE |
. —| PR team . . :
the nuclear d|§aster Decision ma k|ng/ Disaster Prevention | EEE—— |
Rre¥ention . and Controller(Site aTety Audior
manager(site ~ Notificationteam | [COMM AN Superintendent)
superintendent)
—| Information team )
| Planning team U1-5 |
—| Engineering team | Data Planning/ Planning team U6-7 |
i Inf ti
oo o | COl lec_hon/ nformation Security team |
—| estoration team plannlng )
" I Unit team (U1-5) | )
—| Security team | | U1-5 Controller
Restoration team U1-5U
. Unit team (U6)
Power generation I Unit 6 Controller
team | nterna | Restoration team (U6) |
Resource team dommunicatio i Unit 7 Controller )_q Unit team (U7) | |
Restoration team (U7)
—| Welfare team | N {
EX terna | ( External response Site/PR team |
—| Medical team | . . controller
communication Notification team |
General Affairs team o d
D
LOIDISUCS/ LRGSR General Affairs team
Patrolling/%uidance resource R source tearm
eam
mdnagement

00
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Improved communication tools

MCR (Wireless network) TSC

! . Radio Satellite Radio
Satellite o

communication —_— ; phone communication
phone tool W Wired netwofk system tool

system Plant data (existing since
before the accident)

transmission Safety Related
system Parameter
Display system

Enhanced diversity of communication tools between MCRs and TSC
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HPCI data chart at Unit 3
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HPCI (High Pressure Core Injection) system at Unit 3

-Condensate-Storaca
coRaenRsSate-o>tordge

Test-Bypass \alve

£

RPV

Main Steam Tube

RCV

Water Supply System

Pressure
Control
Room

MO

MO

-

Turbine

ge
; Tank !
. |
i
|

e ; —
M
wn
Mo Mo -
o Turbine Stop :
vl Stream 3
HO | Regulator Valve
Volume
ontrpf
[ ] £ \ e
q

\&

MO

4

R

Minimum Flow
Bypass Valve

—_— - ——]

I

v Minimum Flow lline

Water Source Switcr Line

AO

MO

Injection Lin
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Water injection by fire engines

Fire Engines

D/G Pump

Pressure Vessel Head Spray N H
P X

w = Q
< .
‘ a%?’ Electrical
@
B™ & Pump
E5
B
o &
o
T @

Electrical Pump(Standby)

IEEEEIN

9anssoadg

l@l RCV Cooling

Low Pressure
Water Injection

Suppression Pool Storage

(

Electrical Pump
Gy

Drywell i
Condensate Water’ Condensate Water
Makeup System  Makeup System C i

Suppression
Pool
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Lessons from HPCI operation at Unit3

[HPCI Shutdown and Responses Afterwards]

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

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

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

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

[On information sharing before HPCI shutdown]

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

Ot is necessary for the site to have a structure that can endure simulfaneous events in
mulfiple units and continuous response for the long term.
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Conclusions
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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
confinues to create
unparalleled safety.

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

! ¢
TA IMA A PAVTA \'IIA'AAM

e Our Approach e

1. What we lacked before the Fukushima Nuclear Accident

2. Nuclear Safety Reform

3. Increase the level of nuclear safety

4. Good performances that improve nuclear safety

5. Pursuit of world standards

6. Consider success and failure of others as own to learn from

7. Measuring the progress of Nuclear Safety Reform

A‘.!

‘lv
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