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1. Overview of Fukushima Daiichi (1F) NPS

Unit 6

Main gate :
Unit 5

Unit 1
Unit 2
Unit 3
Unit 4

Visitor's house

In operation

since Plant type | Output |Main Contractor, Pre-earthquake status

Location | Unit

Ohkuma
4 1978.10 BWR-4 784 Hitachi Shutdown for maintenance
Eutah 5 1978.4 BWR-4 784 Toshiba Shutdown for maintenance
utaba
6 1979.10 BWR-5 1100 GE/Toshiba Shutdown for maintenance |
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1. Overview of Fukushima Daini(2F) NPS
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2. Summary of Lessons Learned

If we express the lessons learned from our accident in
one sentence:

“Carefully consider the robustness of current
design of nuclear power plants and emergency
preparedness against beyond design basis
events that could lead to common cause
fallures regardless of their assumed probabillity
demonstrating a continuous learning
organization.”
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3. Lesson 1: Design Consideration

The accident at Fukushima Daiichi and Daini was
caused by Tsunami far beyond the design basis. (No
significant damage by earthquake)

-

® The current design of external barriers might not be robust enough
to cope with hydrodynamic forces of flooding and large debris impact.

® The current design of safety-related electric and 1&C equipment
might not be robust enough to prevent common cause failure by
severe external flooding and their layout, diversity and internal barriers
for separation need to be reviewed.
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Tsunami Height @1F v.s. 2F

The new design basis Tsunami height for 1F & 2F were evaluated based on the JSCE Tsunami assessment
methodology. (1F: O.P.+5.7m (original:+3.1m), 2 F: O.P.+5.2m (original:3.1m))

The countermeasures were implemented at both NPSs, such as pump motor elevation raised @1F and
openings sealed @2F, that were all equivalent from the viewpoint of resistance against Tsunami hazard.

The 15m class Tsunami caused by M9.0 class earthquake that struck 1F was far beyond design basis and
whatever evaluation and whatever countermeasures did not matter at this time.
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Elevation of the Fukushima Daiich NPS
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Inundated Areas at Fukushima Daiichi Nuclear Power Station

M |nundation throughout almost all areas where main buildings sited
v'Units 1~4: Inundation height in areas where principal buildings sited:
OP approx. 11.5m~15.5m
(Localized inundation height in southwest area: OP approx. 16m~17m)
v'Unit 5 & 6: Inundation height in areas where principal buildings sited: OP approx.
13m~14.5m

| i  Fukushima
Almost whole area was flooded Daiichi
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TOKYO ELECTRIC POWER COMPANY
: All Rights Reserved ©2011The Tokyo Electric Power Company, Inc.




Location of Openings from which Sea Water
could Flow into Main Buildings

(Fukushima Daiichi Nuclear Power Station)
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(C)GeoEye

Elevatlon of the Fukushlma Daini NPS
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Inundated Areas at Fukushima Daini Nuclear Power

M nundation occurred throughout all areas along the sea, but it was not observed to
have inundated over the slope and into areas where major buildings are sited.
M Run up of tsunami centered on the south side of Unit 1
v'Inundation height in sea side area: OP approx. +7.0~7.5m
v'Inundation height in areas where principal buildings sited: OP approx. 12~14.5m
v'Inundation height in area south of Unit 1: OP approx. + 15~16m

Main flow path of
water Inflowed
intensively

B Unit2 = unit1

(C)GeoEye: _,
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Location of Openings from which Sea Water
could flow into Main Buildings

Inside Unit 1 heat exchanger building

Units 3& 4
Sea side of turbine
building
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Differenc

es in Tsunami that hit Fukushima Dailichi

and Daini NPSs

jureq

Tsunami of various magnitudes at a depth of
around 150m were amplified at the same rate
and struck at each nuclear power station
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Power supply of Unit 1-4 @ 1F after Tsunami

i Okuma Line 3L: Renovation work in progress )(Shutdown by Tsunami
+ Okuma Line 4L: Circuit breaker shutdown by protection relay activation

_______________________________________________________________________________________________

Ohkuma Ohkuma Ohkuma
2L

| The DG lost the function due to either “M/C failure,” “loss of
' sea water system,” or “DG main unit failure.”
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Power supply of Unit 5/6 @ 1F after Tsunami
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Outline of water injection systems__.
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2F Offsite Power was secured after the Tsunami

Offsite Power

One 500 kV line was available.

66 kV lines were outage because of scheduled
maintenance and substation trouble but recovered.

Many power centers and motors were damaged

because of the flooding.
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500kV
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What made the difference between 1F and 2F

Tsunami | Off site D/G M/C Battery
hgt. [m] Power Location Status Location Location
1F-1 | 14-15
1F-2
0.P.10200
1F-3 T/B MB1F
1F-4
SP/B 1F¥%
0.P.10200
1F-5 G 1900 T/B MBLF
1F-6 RIBBAF R/B B1,B2F,1IF | T/B MB1F
S| surnes
2F-1 | 65-7 Survived:
One power line (B): R/B B1F (A),(B):C/B 1F
. & R/B B2F
2F-2 Rsunaml step down o5 o0 R/B B1F R/B B2F,C/B 1F
an up mor
2F-3 ||than 14mat| | Transformer R/B B2F R/B BIF R/B B2F,C/B 1F
g?gesg;’i']mt O.P.0000 B),(H): Survived
2F-4 RIB B2F R/B B1F R/B B2F,C/B 1F
O.P.0000 (H): Survived
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3. Lesson 1: Design Consideration

® The current design of external barriers were not enough to cope
with hydrodynamic forces of flooding and large debris impact.

® The current design of safety-related electric and 1&C equipment
might not be robust enough to prevent common cause failure by
severe external flooding and their layout, diversity and internal
barriers for separation need to be reviewed.

% Other design features to be considered:

- Hydrogen detonation/deflagration outside of PCV

- Operability of venting system

- Internal barriers for separation of important equipments, such
as RCIC, DDFP, MUWC, FPC, M/C, P/C, battery etc.

- Accident instrumentation

200
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4. Lesson 2: Procedures and equipments to be prepared

Several implementable countermeasures/modifications
that could have lessened the damage at the unforeseeable
accident have been identified.

-

® Mobile power vehicles could be considered as redundant
measures against extended SBO situation from the defense in depth
viewpoint.

@ Emergency water injection and cooling capability, against
extended SBO situation, such as fire engines, air cylinders and
batteries, should be considered.

@ Better preplanning, staging and logistics of emergency and spare
equipment would make a quicker recovery possible.

@ Greater consideration should be given to redundant
Lommunication measures for organized actions.

€9 TOKYO ELECTRIC POVER COMPANY
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What 1F site focused on during March 11-15

Establishing an alternative method to inject water into the
reactor pressure vessel (RPV)

Venting of the primary containment vessel (PCV)
Recovery of the most important instrumentations:
reactor water level
reactor pressure
drywell pressure
wet-well (suppression chamber: S/C) pressure

Recovery of the lights in the control rooms and other power
supply sources

200
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Major Activities at Fukushima Daiichi Unit 1
~ Factors disturbing the recovery work (inside the building) ~

| Activities were done in complete darkness due to lack of power sources.

<i Work in complete darkness

Scram
response

In the service building. Many
scattered objects were also
on the floor.

Deteriorating
operability
due to the

tsunami

Preparations
for water
injection

Preparations

for venting

~~~——"] Temporary power supply
Water Connect temporary j

injection batteries to recover

started instruments.

Venting
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Major Activities at Fukushima Daiichi Unit 1

~Factors disturbing the recovery work (inside the buildings) ~

\/

Scram
response

v

Deteriorating
operability
due to the

tsunami

v
Preparations
for water
injection
Preparations
for venting

v
Water
injection
started

Venting
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Instruments were monitored wearing a full face mask with a flashlight in
complete darkness

Supervising (2)
Supervising at a deputy
supervisor’'s desk wearing
a full face mask in
complete darkness

Supervising (1)

Check indicated values only
with a flashlight in complete
darkness




Major Activities at Fukushima Daiichi Unit 1
~ Factors disturbing the recovery work (outside the buildings) ~

1] « Many obstacles on access routes disturbed the access.

Scram » Most of the prepared communication tools between the TSC and the
response control room were unavailable.

Obstacles on access routes

\/ . . . . . . .
| Debris caused difficulties moving equipment such as fire hoses but
Deteriorating after the explosions additional rubble and damaged fire engines made

operability : -
e (1o e it more difficult. _ .m

tsunami

v
Preparations
for water
injection

N BL ([ R
- .’Ilr
i

Preparations
for venting

v

Water
injection
started

Venting

€9 TOKYO ELECTRIC POVVER COMPANY S ZZr = N i
e All Rights Reserved ©2011The Tokyo Electric Power Company, Inc. 24



Major Activities at Fukushima Daiichi Unit 1

~ Containment Vessel Venting Operation (1) ~

B Two valves, a PCV vent valve (MO valve) and a S/C vent valve (AO valve: small) were selected

\/

Scram
response

v

Deteriorating
operability
due to the

tsunami

v
Preparations
for water
injection
Preparations
for venting

v
Water
injection
started

Venting
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as the target for manual PCV venting operation .

B Manual valve operation were planned to be conducted by 3 teams with 2 shift workers per team
(one worker per team would be difficult due to the total darkness) and shift supervisors and vice-
supervisors were selected to be team members.

B Equipment for the teams included fire-resistant clothing, self-contained breathing apparatus,
APD, survey meter and flash light.

B At 9:03, it was confirmed that evacuation from the vicinity of south side of the NPS completed.
At 9:04, the team members headed to the site for the venting operation.

Rupture Exhaust
MO disc Broke at stack
5 >| 0.549MPabs
Jov
Shift workers operation to D/W maximum
manually open AO operating pressure:
valve \ >le Closed 0.528MPaabs
Solenoid b Venting
valve AO Closed pressure:
A X ) ; 0.954MPaabs
AO| Closed "€
TeE—
MO AQ Closed

Self-contained

<onlenoid valve

breathlngzgpparatus



Major Activities at Fukushima Daiichi Unit 1

~ Containment Vessel Venting Operation (2) ~

Venting pressure
0.954MPabs

e ' fvidllgdi B o
Operation to manually open opening —
PCV vent valve (MO valve) Der oM a7 =
Scram M 1st team proceeded to site to operate sjuccgsstul
I’eS Onse Closed D/W maximum operating pressure
> PCV vent valve (MO valve) on the =
2nd level of the R/B, and implemented >
~~—__—1]| operation to open the valve manually. AO
Deteriorating Operation to open PCV vent
operability valve (MO valve) successful
due to the \ /
tsunami g
~— | b [ e T |
o w2y &),
Preparations 4' 2 SO ¢ North-side
for water Taes “—':L“ il double door |
injection PO\ 5 5
— Pl - {0l = W
Preparations J R A : cemall
for venting . =7 /17 =| |
v . : A
Water 3::1 N = "
L =7 jim=), el by =
|rsljtzcr:;[(|ac;n HY é_ﬁ; T 1 stairs 5@« PCV ventvalve
E | e \mj S : _ (MO valve)
Venting T g ot @ d™ ‘.:gouth—sme | A/
. oubledoor R/B 2nd level

mmm poufRd %&ﬁﬂ#évé"’
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Access route to PCV vent valve (MO valve)
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Major Activities at Fukushima Daiichi Unit 1
~ Containment Vessel Venting Operation (3) ~

~_ 7 Operation to manually open S/C e —&
— vent valve (AO valve) valves succef 4
Scram |M2nd team entered the torus room (R/B O s operating pressue
response B1F), but the valve was located at a Manyal opening—><
direction of 180 degrees from where thépgua;'t‘o”h"’}gﬂ”ddoosneedal
A Closed
—~ team entered the torus room. Al
~  |EThe survey meter rose up to the limit on GO
Ds;zrr'ggﬁﬂgg the way, and the team members returned| 'w——=
due 1o the Manual operation was abandoned 777777 N” "
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Temporary Power Supply and Motor Replacement @2F
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What were available for the recovery work after the tsunami?

There were only the following limited number of
devices and tools available !

B Fire Engines: only a few people knew how
to operate them.
Flashlights
Cable
Tools (screwdrivers, etc.)
Batteries taken from cars
Engine driven Generators*
Engine driven Air Compressors*
*They were in the warehouses
of the affiliated companies and
difficult to find. o
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4. Lesson 2: Procedures and equipments to be prepared

® \obile power vehicles could be considered as redundant
measures against extended SBO situation from the defense in depth
viewpoint.

@® Emergency water injection and cooling capability, against
extended SBO situation, such as fire engines, air cylinders and
batteries, should be considered.

@ Better preplanning, staging and logistics of emergency and spare
equipment would make a quicker recovery possible.

@ Greater consideration should be given to redundant
communication measures for organized actions.

% Procedures not robust enough against beyond design basis events:

- EOP - SAMG - EDMG (not thoroughly prepared yet in Japan)
- Internal events - external events

L
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5. Lesson 3: Emergency Preparedness

Without newly built Emergency Response Center, the
post-accident activities could not have been carried out.

® Measures taken after Niigata Chuetsu Oki Earthquake were effective:

- Emergency response center in robust building (Seismic isolation,
Shielding, Communication, etc.)

- Underground water tank (16 units/site X 40 m3/site) and Fire Engines
(3/site)

- Emergency Response Drills

.(.).T[]KY[] ELECTRIC POWER COMPANY
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Effective Measures taken after Niigata Chuetsu OKi Earthquake

Measure taken after Chuetsu

Ctatic af annlicati
LAY

Offshore Earthquake

Description of measure

WiALUOY VUT A |J
Fukushima accident

b}

Construction of a
seismic-isolation buildina

Installation of facilities which are seismically
isolated structures having an emergency
response room, communication equipment
(dedicated lines to concerned institutions both
inside and outside the company), power source
equipment (gas turbine generators), radiation
control devices (radiation measuring devices,
whole-body counters, etc.)

At Fukushima Daiichi, responses
during the accident have been able
to be properly undertaken without
loss of communication equipment
or lighting in the emergency
response room

Deployment of chemical fire engines and fire
tankers

Fire engines were effectively used
in order to transport cooling water
and also as fresh / sea water
injection pumps

Installation of additional fire
cisterns

'-.:-ﬂ\_

Installation of additional fire cisterns for
backup when fireplugs cannot be used

Tanks were utilized as a source o f
injecting water when injecting
fresh water into Fukushima
Daiichi Unit 1

32
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Measures to ensure Safe Shutdown @KK

Spare pump for sea water pump

— Submerged pumps
— Spare hoses

To Depressurize RPV
—Spare gas cylinders

4 I
Emergency Power

Supply Capability

under Tsunami SBO

- High voltage power

trucks

- Portable generators
- spare cables

J

Mobile power trucks

Submerged|
pump

Sea

To Depressurize PCV
— Spare gas cylinders

Motor

Control Centér Charger

70

Low voltage

Distribuizﬂ\' P
Control Panel

Fuel pool cooling pump /

Reactor Building

—
I

Spent Fuel Pool

R

—
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Stand by Liglid
Fltrol System Pum

\Spare gas cylinder.

Containment Vent valve

RCIC pump

Make—up water pum

Water injection to RPV and SFP
—Fire trucks
—Spare hoses

Transfer water Filtered or Purified
Water Tank to CST
— Fire trucks

Condensate

I—D<l"—l><)—"-[l<— ﬁ

Fire Truck
Diesel driven fire
protection pump [ — .
- - Filtered water ganag
'DJ Tank
Sea
@ — Purified water
Tank

Purified water
Transfer pump

Legend .
Fire protection Fuel pool cooling sys.

sys.

Reactor Clean up

OMPANY

Make—-up water
sys.
RCIC

Water sys.

Power line
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Further enhancement of plant reliability @KK

Enforcement of injection and heat Prevention of accumulating Hydrogen Enforcement of injection
r(—enslz\k/)arlmlqerged oump (1)Top vent on Reactor Building and heat removal
— Heat exchanger truck :' (2)Reservoir in site.
— Spare hose .
:. Off site power -
To RHR : line «

tank & Purified .
water tank _ glrt]ired water

v
r Filtered water v

/4

L4
. | &
i L4
\d feme L
L L4
&
L4
&
L4
L4
&
L4
L

Others
(1)Additional monitoring cars

.
Turbine building EEE
Reactor building

Enforcement of power source
(1)GT driven generator truck

Enforcement of protection for

flooding
(1)Embankment (2)Emergency high voltage distribution
(2)Wa|l panel B —r
(3)Water tight doors in Reactor (3)Cable from emergency high voltage (2)Additional warehouse for
Building panel for RHR emergency materials on the hill
880
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Fukushima Daiichi Unit 1 Plant Parameter and Operation

Earthquake Tusnami

Core Damage Started due to

Unit 1 R/B

(14:46) (15:27)  |MAAP Analysis Explosipn (15:36)
5000 r ®Ih Operation(Ovelr Scale)
o 'g‘ @® Fuel Range (A) (mm)
JCINS 3000 @® Fuel Range (B) (mm)
g : 1000 L 000 00000 © 0 0 000 WO O 0...
(O] O(TAF) o Smesse 00000 000000 @ 0g,5, ‘ ‘ ‘ ‘
X D |-1000 T
F Y 3/11 3/11 3/12 3/12 evee 3/d2 v o oee o343
_a000' 2100 18:00 0:00 6:00 12:00 18:00 0:00
) 10.00 ‘
ERETIE F1(8.7MPa abs)
8 2.88 e gatiata - @® Rx Pressure (A) (MPa)
8 400 @® Rx Pressure (B) (MPa)
.
o © | 200 - l
Q 0.00 ° 0 0 000 00
X S .
x = 3/11 3/11 3/12 3/12 3/12 3/12 3/13
12:00 18:00 0:00 6:00 12:00 18:00 0:00
@ [1.000 [t ‘
O |oggog [orach LU o S — S/C Pressure (A) (MPa)
o =, (0600 s, ‘ “\% D/W Pressure (B) (MPa)
D @ [0400 |
o 5 |0200 ¢ .
@ |0000 :
<0 3/11 3/11 3/12 3/12 3/12 3/12 3/13
Fallan 12:00 18:00 0:00 6:00 12:00 18:00 0:00
IC 14:52) (18:18 { 25) (21:30) Operation Unclear
HPCI No Operation
SRV No Operation
FP/Fire Engine (5:46) Freshnwater[80t] (14:53) (19:04)Sea\water
PG¥e Vent Order f%rpvent Pregaration (0:06) v Order for Vent v (8:08) (24530)| D/W Pr decrease confirmed
POVVER TCOMTERNY

t ’ ORYU CLECTHI

TEPCD
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@® Fuel Range (A) (mm)

Fukushima Daiichi Unit 2 Plant Parameter and Operation

Core Damage Started due to

Earth uak . Unitl R/B units R/B MAAP Analysis
(14:4%) “Tusnami Explosion ® Fuel Range (B) (mm) Explosion Impact sound
(15:27) (15:36) O CAMS D/W(A)(Sv/h) (11:01) (6:00-6:10)
— 6000 O CAMS S/C(A)(Sv/h) 10
—_ E ®[1In Oberation (Over Scale) o
9 E 4000 ang SEFESnans XX e, 85; 8
L — 2000 i 6
=0
< = O(TAF) e T S e S
)
X 9000311 || 8711 3/12 3/12 3/12 |3/12 3/13 3/13 3/13 3/13 3/14 3/14 3/14 hm A5 3/15 3P #8/T5 3/15
12/00 | 18:00 000 6:00 1200 |18:00 000 6:00 12:00 1800 000 600 12:00 18Q0Q g0:00 686 1200 1800 0:00
—4000 O 3 cO—ED 0
o 1000 [ :
S 8.00 {ggﬁ;x‘;‘é?@”fiﬁzmwpnm a @® RXx Pressure (A) (MPa)
m . 2 TOMPaabS & ° SwrTE—
8 i'gg i *ee e *1° ¢ - e i } @® Rx Pressure (B) (MPa)
_ :
o 5_5 2.00 . .4
= 0.00 : A e e ——
xr = 3/11 ||3/11  3/12 3/12 3/12 |3/12 3/13 3/13 3/13 3/13 3/14 3/14 3/14 3/14 3/15 3/15 3/15 3/15 3/16
12:00 [[18:00 000 6:00 12:00 [18:00 0:00 600 12:00 1800 000 6:00 12:00 1800 000 600 1200 18:00 0:00
© 1.000 +— «
O % 0.800 R SIC Pressure (MPa) ————s
= — 0.600 &+ 41.(0.53MPa abs). cama J
D o 0400 s D/W Pressure (MPa) - . e ™ —
o 5 |0200 |, ¢« oo e 1 ° . .o
N loooo ‘ ‘ . ‘
E o 3/11 || 3/11  3/12 3/12 3/12 |3/12 3/13 3/13 3/13 3/13 3/14 3/14 3/14 3/14 3/15 3/i5 3/15 3/15 3/16
[l 12:00 || 18:00 000 6:00 12:00 [18:00 0:00 6:00 12:00 1800 000 600 12:00 1800 000 6:00 12:00 18:00 0:00
RCIC v(2:55) Operation confirmed . -
: (13:25)Qut of Service Judged
HPCI Np Operation L .
Depressurization Valve Condition Uncleaf
(~18:00,
SRV 2Valves Op}sn
. . Order for Sea Water Injection .
FP/Fire Engine Preparation (12:05) v | (19:54 ) Seawater
P Vent _ v(11:00) Vent Line
CVe Qrder for Vent Preparation v (17:30) Configuration Completed Small Vent Valves Opened
Y

TEPCD
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Fukushima Daiichi Unit 3 Plant Parameter and Operation

Earthquake : Unitl R/B- Core Damage Started due to Units R/b
(14:46) || Jusnami Explosign  MAAP Analysis Explosion
(15:27) (15:36) (11:01)
— | 6000 D . @® Fuel Range (A) (mm) =
B e 4000 - o! Opoer-tlon(cvorSc-Ie) 3 . v ® Fuel Range (B) (mm)
© é B ° A ® Fuel Range (mm)
; D 2000 O Wide Range (mm)
> G>_) O(TAF) e 9 P S R B R N
O 3 | ,0003/MLll8/11 3/12 3/12 3712 |3/12 3/13 16
1200 |[18:00 000 600 1200 |18:00 000 6V®=s 12.00 18:00 000 *6:g8 1200 1800 000 600 1200 18:00  0:00
4000
9_) 1 000 EREHE A {8.2MPa)
2 8.00 [HELHRGITELNEL e o oo — ® Rx Pressure (A) (MPa)
3 i'gg i '% R ® Rx Pressure (B) (MPa)
o — - °
a T 200
o ®emnyeeenene o o
X = | 000 -
o = 3/11 ||3/11 3712 3/12 3/12 |3/12 3/13 3/13 | 3/13 3/13 3/14 3/14 3/14 3/14 3/15 3/15 3/15 3/15 3/16
1200 /1800 000 600 1200 |1800 000 600 |12:00 1800 000 600 1200 1800 000 600 1200 1800 000
E‘ 1.000 ~—pee—— ® S/C Pressure (MPa)
S 0.800 D/W Pressure (MPa)
L\) — 0.600 | szata|4 o.soua PY
3 @ (0400 ¢ e RN . ®* * e
05 S 0.200 °  J ®
% 0000 L L 1 L L 1 L L I I I I L L L L L 1 L L 1 L L 1 L L 1 L L 1 L L 1 L L @) I I | L L I
E 0 3/11 ||3/11 3/12 3/12 3/12 |3/12 3/13 3/13 | 3/13 3/13 3/14 3/14 3/14 3/14 3/15 3/15 3/15 3/15 3/16
ala 1200 |[18:00 000 6:00 1200 [18:00 000 6:00 | 12:00 18:00 000 6:00 12:00 1800 000 600 12:00 18:00 0:00
(16:03 11:36) Trip
RCIC |
Auto : i
HPCI (15 oy a2 Ay 2:42) Tlip
SRV 208 RS e eo—
EP/Eire Enaine Order for Preparation (9:p5)
g v(17:12) Fresh Whter (I8H2)Sea
. Il
PG¥e Vent Drder for Vent Preparation v (17:30) L(8:40) Vent Line Configuration Completed
1 |

TEPCD
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