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1 General damage caused by
the earthquake and tsunami

1-1 Outline of the 2011 off the Pacific coast of Tohoku earthquake

(1) Earthquake Summary
B Tectonic setting & the source area

The four major plates, i.e., the North American, the Eurasian Continent, the Pacific, and the
Philippine Sea plates, account for the evolution of Japan islands. The islands are strongly
compressed in two directions due to subductions of the Pacific and the Philippine Sea plates.

Source area of the 2011 off f’lates structure around Japan
North America the Pacific coast of Tohoku

Plate =, earthquake *North America Plate

*Philippine Sea plate
-Eurasia Plate

Plate Motion

+Pacific plate subducting under North
America plate of 8.5 cm/yr in west
direction

-Phillipine sea plate subducting under
Eurasia plate of 6.5 cm/yr in north-west
direction

Locations of principal interplate
earthquakes
-Along Japan trench: Plate boundary
of pacific plate and north America one
Along Nankai trough: Plate boundary of
Philippine sea plate and Eurasia one
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B Earthquake summary

At 14:46 on March 11, 2011, an Mw 9.0
earthquake occurred off the Pacific
coast of Tohoku region, the boundary
between the North American and the
Pacific plates.

*According to Japan Meteorological
Agency (JMA), the source area was
estimated to rupture with a size of
450km long and 200km wide, covering
the off lwate Sanriku, off Miyagi, off
Fukushima, and off Ibaraki area.
(Consider consistence with Japanese
literature, the sea areas off
Sanriku/Miyagi/Fukushima/lbaraki are

briefly translated as Sanriku-Oki, Miyagi-Oki

Fukushima-Oki, Ibaraki-Oki, respectively).
*The hypocenter is estimated 24km

deep and magnitude Mw 9. The

mechanism solutions indicate a

reverse faulting with the compressional

axis in WNW-ESE direction.

Distribution of aftershocks occurring in about
8 hours after the main shock
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Focal mechanism
of the main shock

14:46,Mar. 11
24km, M9.0
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( JMA 5th report with modification by JNES)
Origin time March 11, 2011 at 14:46 (JST)
Magnitude 9.0 (Japan Meteorological Agency)
Hypocenter [ 38.103° ,142.861°
depth=24km
Focal Reverse fault with the WNW-ESE compressional axis
Mechanism (CMT solutions)
Seismic 7: Kurihara city, Miyagi, 6 ' 28 cities and villages at
Intensity Miyagi, Fukushima, Ibaraki and Tochigi Prefectures.
Location Sanriku offshore (130 km ESE of Ojika Peninsula)
Distance 130km of Onagawa NPP, 180km of Fukushima NPP
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The hypocenter was located in the
Off Miyagi area. It is inferred that a
multi-segment rupture started from
the hypocenter, then propagated to
the north (the sea area off lwate
Pref.), and to the south (the sea
area off Fukushima Pref. and

Ibaraki Pref.).

Rupture around the hypocenter:
this quake ruptured the shallow
portion along Japan trench, close
to the source area of the scenario
earthquakes A and B.

Multi-segment rupture: rupture
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» Large slip was estimated to occur in (st ascocisted with

the shallow part along Japan trench
from the water area off the Northern
Sanriku to the area off the Boso,
with the largest value above 20m.

destruction (HGE)7

Upper zone sesmici
associated with

defydration?
I
Thirust type? Thrust type
niraplate? [e.g. 188TEQ)
{e.g 1973EQ)

Deep potion of interplate : smaller slip than that at
shallower potion and generating strong motion due
to near land

Shallow potion of interplate:Large and
slow slip and generating great tsunami




(2) Source process

boundary.

*Analysis results suggest that the great tsunami was caused by the large slip
(as large as 30m) in the shallow portion (east to the hypocenter) of the plate

eSource process inverted from strong motion data by JMA is consistent with the
slip distribution inverted from Tsunami records.
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(3) National Evaluation of Long-Term Seismicity
Long-Term Evaluation Subcommittee, Earthquake Research Committee
Headquarters for Earthquake Research Promotion (HERP)
Asof January 11, 2011
*HERP did warn against the M7.5 Miyagi-oki — T Northwestem Hokka.mom" Nemuro-Oki
1 ili MBO 05-10% Eanhquske ocoumence M7.8 0.006-0.1% AT =il
earthquake with an occurrence probability of ‘Jr—ktmmmm i ]| siutanesus scurence
99% within 30 years. e ety 201 ez
*HERP also warned for simultaneous _
occurrence of rupture close to the trench in sl 7
southern Sanriku-Oki with a probability §
about 40% within 10 years. g
*The M9.0 earthquake, which ruptured to as it
south as Ibaraki-Oki area and recorded T
large slip of above 20m, is far beyond the =
long-term evaluation results. —
> The shallow portion along the trench Nothem Sacogashina Ok / ot Sana O
had been known as a potential source s e : M1 115 At
area for tsunami earthquakes. A strong s , (e
coupling in this area, however, had not ource area of the Tohokus (] e
Taiheiyo earthqua s
e ———

been expected.

» HERP estimated an occurrence
probability of 20% within 30 years for a
tsunami earthquake of Mt8.2 in some
area along the trench from Sanriku-OKki
to Boso-Oki.

» The slip value as large as 20m suggests
a very strong coupling in the past
several hundred or even one thousand

years.
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1-2 Seismic ground motion and tsunami observation

B Seismic Observation: Ground Motion

*Seismic records at the observatory MYGO011 near the Onagawa plant showed two large pulses
with similar amplitudes, whereas the second pulse of records at FKS001 (near the Fukushima
plant) is clearly larger than the first pulse. It suggests that two sub-events occurred, first in the
deep portion, then the other in the shallow portion with larger slip.

*Seismic records at IBR0O07 showed a single large peak at about 120 seconds after the P wave
arrives. It suggests that the rupture in the shallow portion propagates to south and ground
motions observed in the southern stations are hence amplified due to directivity effects.
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(Propagation of seismic motion /
JMA report with modification by JNES) 11

B Tsunami Observation: Offshore Wave Monitoring System

Tsunami waveform:

*The GPS wave meter (known as GPS buoy) located at off Kamaishi City, Iwate Pref.,
records the largest wave height of 6.7m in 15 minutes after the original time (i.e., 14:46),
the second to seventh peaks decreased slowly. The first three pulse phases were irregular,
whereas the other four phases showed a similar duration of about 50 minutes.

«In detail, the first pulse phase showed a two-step rise: water level rose to 2m in 6 minutes,

then dramatically rose 4m in 4 minutes.

e S @ Gusiere Weve Tsunami waveform record from GPS buoy data off southern Iwate Pref. (204m off
Monitoring Network by GPS Kamaishi
Buoy system ishi) l
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r T o
AT TP foEumaEs | ° "“ * The maximum wave height was 6.7 m (first wave) off southern Iwate Pref. at 15:12.
' | « First tsunami wave was extremely high.
- « Wave period
First to third tsunami wave: irregular period
Fourth to seventh tsunami wave: about 50 minutes period
« Total amount of rose in average sea level were 55 cm after the earthquake.
Reference: Independent Administrative Institute Port and Airport Research Institute




B Tsunami Observation: Distribution of Tsunami Height

« Observed tsunami height at 2011 Tsunami in Japan:

At coast (Tsunami height) : > 9.3m (Soma), >8.0m (Miyako)

Run-up height : 40.5m (Aneyoshi, Miyako, s=sm=ex), 38.9m (Omoe Peni., Miyako z=# gm@st)®s)
*Chilean Tsunami at Japan coast : up to 2m

Soma —
Tsunami height observed on Mar.11 (JST)
Miyako First tsunami wave The maximum wave
\ X Fukushima Site 73m
Soma 14:55 Up flow 0.3m 15:50 ’
. . —> >93m1
Tsunami Height .
. . R QOoarai 15:15 Up flow 1.8 m 16:52 4.2m
Distribution as of Mar.13 —
25 Kamaishi 14:45. Down flow 0.1m 15:21 >41m
Miyako 14:48 Up flow 0.2m 15:21 »40m
4 ’ P ’ ' > >8.5m*2
Ayukawa, Ishinomaki city 14:46 Up flow 0.1m 15:20. [ >3.3m
. >3.2m
Oofunatoshi 14:46 Down flow 0.2m 15:15
> >8.0m*2
Sekinehama, Mutsu city 15:20 Down flow 0.1lm 18:16. 29m
=. Hanasaki, Nemuro city 15:34 Down flow XVeak 15:57. 28m
= ?
Tokachi-ko 15:26 Down flow 0.2m 15:57. | >2.8m
Uraga 15:19 Down flow 0.2m 16:42 27m

*1: Amended on April 13 by retrieved data of pressure gauge type tsumamimeter
*2: Amended on March 23 by retrieved data of pressure gauge type tsumamimeter
Solid : Retrieved

V4

5 Dotted : j
4 Transmitted at |
the event fi

Tsunami Height by JMA 14™ Report
and its amendments

Recorded Tsunami Height
at Soma Harbor

1440 W50 1500 1610 1530 4 01620 1830
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B Tsunami Observation: Analysis and Inference

Using analytical investigation, Prof. Satake (ERI, University of Tokyo) infers that:

«This tsunami is featured with both the long-period dominant wave generated by rupture
in the portion like the 869 Jogan EQ and the short-period wave generated by rupture in
the shallow portion like 1896 Sanriku Oki EQ.

*Tsunami with big height arrived at the coast and run up subsequently. Meanwhile,
tsunami with a long wave length further supplies running up energy in long duration
such that tsunami run-up areas were widened.

" Vertical movement e'ji-Sanriku earthq.
o ofoceanbottom  j5gan earthq.
! : [ First tsunami wave uplif \/\ ;
5 5 i Gradual rise ! ll.'\ consists of two phases. T Showa-sanriku earthq.
i i * | || « 15 minutes later after the - /
! ol main shock (Mj9.0), sea 0 =k
! | | level rose 2 min 6 300 i _// 100 N 4 100

P T S— o minutes, then 4 m in 4 = .| Distance from the
£ ! i minutes. ! trench axis (km)
o 1 f . . . j.'l 1 T i T Non
5 \ \
R L LS I S S O SO Subsi-
8 U / N\ A dence - Japan trench
T ; Ny 1896 Neiji-
s R g ! . O = Interplate type il 1933 Showa- _
g I —— 4 \}.' 1 =% (Jogan earthg. model) tsynami Sanriku tsunami

-1 i A 1 ’

14:40 14:50 15-00 15:10 15:20 15:30 e s

11th March fic M y
Reference: Independent Administrative Institute Port and Airport Research Institute 1oP ot 02 =
Record Of GPS Tsunamimeter Of Oﬂ: -KamaiShi Reference : Satake (2011) Paper preparing for NIED meeting on Apr.17.
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Hypothesis by Prof. Furumura (Tokyo Univ.) and Prof. Ito (Tohoku Univ.) on the cause
of very high sharp peak of the tsunami

BEXLRRE
BEREREL=-0DOD

Accumulated and solidified soil layer
with branch faults

.

Upper (land side ) platé bcean plate

BHOTL—k A BEOTL—K

From NHK TV on May 10
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Tsunami Model by Dr.Fujii (Fuji Tokoha Univ.)

BXRR

EHRNEET Source of very
high and sharp

tsunami

w

Source of low
and long
period tsunami

From NHK TV on May 10
16




1-3 General Damage

B Damage Outline

eInundation: Miyagi Pref. 327km?; Fukushima Pref. 112km?, Iwate Pref. 58km?2. Total area :461km2.

*House/building: 368,000 houses damaged (total/semi/partial destruction or inundation).
17,000 public buildings damaged.

eInfrastructure: road damage at 4,000 places, railroad damage at 7,280 places (of 1,680
places damaged by tsunami), gas supply shutdown for 460,000 households (at its peak),
power supply cutoff at 4,000,000 households, telephone disconnection of 800,000 lines.

Inundation area

Rail damaged
__Yamada line

Yamada line

Inundated Administration . Rate of
area * Area facing sea™ inundated Remarks
Prefecture (km2) (km?) a(r;/ne)a (Administrative coastal cities and
villages counted)
A B A--B X100
. 5 city/town/village (Hachinohe, Nofabri
omori
Aomori 24 844 28 Misawa, Rokkasho, Oirase, Hashikami) CEr
Iwate 58 4946 19 12 city/town/village (Miyako, Ofuna . lwate
etc.)
Miyagi 327 2003 16.3 | 17 city/town/village Mi.yagi
Fukushima 112 2456 4.6 | 10 city/town/village o Fukushima
Ibaraki 23 1444 1.6 | 10 city/town/village . .
Ibaragi
Chiba 17 689 2.5 | 10 city/town/village - ’ Chiba
Total 561 12382 45 -
*ldentified from air—-photos.  **Only those listed in the Remarks column are counted.
The 5" Release on Tsunami Inundation by Geospatial Information Authority of Japan.
17
W Railroad Damage
Bridge lost Rail damaged i
Damage tO Hachinohe line hIO_.he_rllle . Damage to Shlnkansen
the old railroads y
Platform Damage ) T | Damage due to the main shock | | Damage due to the April 7 quake
Tohgku main line 1 / J\\A Bfeakggell()f bridlge H\\A’
= R s 1 | tilit
» Shinaomori f'x‘f |’ piers & utility poles {:1@3
. f/ I‘Hachinohe 5 lf’ \
Bridge lost 4 i} 1 A

— o =
- = S 88
Rail damaged Rail damaged il
Ofunawata line Ofunawata line Fukushima @ Sendai
o P -
= 2 - ' Breakage of 4
- = €lectric utility poles |
- . ’ - LR - -
A - . . AR
Platform Damage ] Utsunomiya . //
Senseki line / - z P | J 5 ; . /
Pt " & i
Rail damaged  Bridgelost  Rail damaged o \ - ( ‘
Kesennuma lineKesennuma line; Ishinomakiline Ik Breakage of
- TR 0Xy0 N * elevated bridge pillars
’ S ‘ L s )
g o 0 ~f
r s ~ ¢
[Legend] / 5 f }} s
mmmmm Inspection postponed = — — - slippage of bridge girders
| P " ,p Ip ted Roadbed lost  Bridge lost Rail lost [Legend] |
Sve ;. INSpection Implemente! Senseki line Joban line Joban line Civil Power
Under restoration - il
=== Once re-operated, under restoration e — — XK sospots
Normal (April 18 10:00at present) 1 g 2 ® ¥ 10spots
* lwazumi line is not under operation due to &L s L] *  1spots
landslide
Release by Eastern JR (April 17) Eastern JR Release (April 4) Eastern JR Release (April 17)
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B Civil Damage(2) : Liquefaction

Tokyo Disneyland

e Parking spot at Tokyo Disneyland
' was inundated due to liquefaction

http://www.nippon-sekai.com/main/articles/other/
46— — p— liquefaction-affects-tokyo-disneyland/

4oy

Urayasu city: Lifting of building basement
due to liquefaction and subsidence

Urayasu city : liquefaction
and floating of a manhole

Alluvium or arificial

Simousa group (upper) 3

Simousa group (Lower)

T Kazusa group

Inage Kaihin (lawn) park:wide
area of sandboil and subsidence

Pre-Kazusa group

0 5 10 15 20km
[====

139°44'48°
() Liquefaction due to the Tohoku-Taiheiyo earthq. (confirmed)
() Damaged except liquefaction due to the Tohoku-Taiheiyo earthq.
() Liquefaction due to the Chiba-ken Toho-oki earthq., but not Tohoku Taiheiyo one.
() Liquefaction due to the Tohoku-Taiheiyo earthq. (reported)

CERC: Investigation report on liquefaction damage caused by the 2011 of the Pacific coast of Tohoku earthquake
Around Chiba port: Subsidence of a http://www.wit. pref.chiba.lg.jp/_sui_chi/chishitu/touhoku/ekijouka20110318b.pdf
electric pole and large volume of sand boil 19

B Damage to Breakwaters & Tide Embankments

*Taro district, Miyako case : 10m-high sea wall with a local
nickname of “the Great Wall of China”, was destroyed by the
15m-high tsunami.

Otabe district, Fudai Village case : 15.5m-high sea wall was
constructed according to the village chief’s strong willing, and it
blocked the 15 m high tsunami and successfully protected the
houses in this district. As a lesson learnt from great damages
caused by the Meiji Sanriku tsunami and the Showa Sanriku
tsunami, local wisdom of preparedness against al5m high
tsunami has been widely disseminated in this area.

*These two examples give some suggestion when we examine to
prepare for violent natural phenomena.

250km

o 10 X
- — = = . ) \
KC i a2 Bry

The 10m-high tide embankment was destroyed The 15.5m-hig tide embnment is sound
in Tao district, Miyako city, lwate pref. in Otabe district, Fudai village, lwate pref. 20




B Ancient instruction and observance

£
i

Fudai
,:Miyako

St

Sendai

*The left bottom photo show a stone monument
standing at the entrance to Aneyoshi district in Miyako
City. As an instruction from previous generations and
also lessons learnt from their experience of the 1896
Meiji Sanriku tsunami, the inscription reads: “Do not
build any house below this stone,” Thanks to having

A followed this ancient instruction, the 2011 tsunami did

‘ not claim a single casualty in this district.

; y *It is seen that the fate depended on whether this kind
Ly 9 of previous tsunami lessons had been reflected in
tsunami design or not.

A photo from the village’s point of view (i.e. facing the coast)

A photo at the spot slightly below the stone monument
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2 Damage of

Fukushima Daiichi and Daini NPP site

Higashidori , €
Rokkasho &

mid.
off San-riku

Sl b 4t Fukushima-
and -2

.| Ele. |OPC at| OPC .
Unit Output| EQ |after EQ OPC after Tsunami
#1 460, OP ASD
#92 784/ OP ASD All external powers (4 lines):
Lost by EQ
#3 784 OP ASD All EDGs (8) : Lost ny Tsunami
#4 784 Al -
All external powers(2 lines):
# —
° B4 Al Lost by EQ
4 EDGs out of 5 :Lost by
#6 1,100 Al - Tsunami
#1 1,100[ OP ASD
1 line out of 4 : Servived
#2 1,100[ OP ASD
#3 1100 OP ASD 9 EDGs out of 12: Lost by
! Tsunami
#4 1,100, OP ASD
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2.1 Fukushima Daiichi NPP site

@ Seismic observation system in Fukushima No1 site
=Seismometer : inside RB+vertical seismometer array +recorder
Horizontal(2 components) and Vertical Acc. Time history
*Recorder:Overwrite protection reflecting lesson learned from NCO EQ

Vertical arra ] Nl
® _ y gf 5 RI %

. » Vertical array ®uUnitd RB

. E W
T
NNNNSNNAAAY A4/

.. Base stratum I

Zm

T 1RG0, 94m ‘ ! }
o — — . SN

Seismometer at Base mat
(0. P. +0. 94m)

Cross section

Observed ground motion

*Record was cut due to long time vibration( around 170 sec)
*TableII -2-1:Max.acc. of 3 components at RB basemat
Horizontal Max. acc.: 550Gal at Unit2(EW)

Table 2-1
Max. accelerations on base mat in reactor buildings
Loc. of observation Obs. Value®! Max. response acc. for
(bottom floor of Max. value (gal) ~ backeheck Ss (gal)
reactor bld.) NS EW uD NS EW uD
Unit 1 460% | 447* 258% 487 489 412
Unit 2 34872 55072 3022 441 438 120
_ Unit 3 322% 507 231% 449 441 429
Fukushima -
Dai-ichi unit4 | 281% 319 200 47 445 122
units | 311% 548 256% 452 452 427
unite | 2087 | 4447 244 445 448 415

#1 These are temporal values, and may be corrected later.
# 2  Eachrecording stopped at about 130-150 s from recording start time.
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@ Comparison between design basis ground motion(DBGM)Ss
and Observed motion (1/2)

W Outline of DBGM Ss
eSeismic back-check : Review of DBGM Ss based

eEarthquakes to define DBGM :

e DBGM Ss :

B Characteristics of response spectrum (ORS) of observed motions

on Revised Seismic Reviewing Gide

i Interplate earthquake of Off-Fukushima,

ii Intraplate earthquake just beneath the site,

iii Earthquake due to active faults around the site
iv Diffused earthquake around the site

- Procedure : Should envelope i ~iv
» Ss-1, Ss-2, Ss-3

*Observed ORS lower than Ss spectra (DBS) in the almost period
*Observed ORS overshoot max. 30 % Ss spectra (DBS) in the period
between 0.2 to 0.3 second
*Tokyo Electric Co. :
No safety related facilities in this band of period
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@ Comparison between design basis ground motion(DBGM)Ss and Observed motion (2/2)

Acceleration (gal)

Acceleration (gal)

Acceleration (gal)

@Acc.time history at RB basemat @® Ors of observed motion and Ss
1000 550 -
©
500 2
=
0 s — 2
PR 2U EW 3
-500 — 3
g,
1000 o
0 50 100 150 200 250 £ Legend
—~ | —— Observed
Time (s) —— DBGM Ss-1
= N DBGM Ss-2
1000 LS g e STl B DBGM Ss-3
500 = 3U EW
o
3U EW 2 .
-500 J—
b N - g AN
0 50 100 150 200 250 AN K
Time (s) b w0 Period () 1 7 s
1000 548 % ’ T w Oy T T
(=} o
500 g 5U EW
O 2000
0 W g
BUEW — 3, AN
) 50 100 150 200 250 < =—m il M

Time (s) 02 04 !
Period (s)
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@ Exceedance Probability of

DBGM Ss and Probabilistic Seismic Hazard Evaluation

B Exceedance Probability of DBGM Ss
*Revised Seismic design review guide

recognize undeniable possibil
ground motion over Ss

*It require referring exceedance probability

of Ss

ity of

B NISA direction to utilities

oNISA: Based on revised guide, request

all utilities to define Ss and seismic

safety evaluation of facilities

eUtilities:Evaluate exceedance probability
of Ss according to JNEA Seismic PSA

standard

*Annual exceedance probability (AEP) of

Fukushima Nol (Right side fig.)

AEP of Ss:10-4~10-5

1000 e T ﬁ. T
_/ ¥ S & @
500
[ D,
’ /ﬁ)-ﬁ{ Al
100 |- e _74577 j}4
Y b
0 s et e -
o g e
’ L
0 7/
5 e s % E
(er b e 4
k) K ]
o .
(3]
>
1 Legend:
—— DBGM Ss-1H
05 - — DBGM Ss-2H
& - — - Response spectra by
02 exceedance level I
0.1 1 1 | ‘ II\\tI I‘ ‘ I*{\I
0.01 0.0z 0.05 0.1 0.2 0.5 1 2 5 10
Period (Sec)
Annual exceedance probability of
DBGM Ss of Fukushima No1 site
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Example of seismic hazard evaluation
(Case for Fukushima daiichi & daini NPPs)

Source model with identified : o
active faults Diffuse Se|Sm|C|ty
‘ Off Shioyazaki erq. @ ‘ ;.‘.'__ i
8 2y Fukushima ddiichi II:I_E"F’"A
= Fukushima dajichi NPP A = Fukushima daini NPP IA I,
+ Fukushima daini NPP A& _'\.' / H } 5
g [
© J Off Shioyazaki erq. @ v‘”‘,‘/“ 4
S 0 =5 7 ) /,,.
] — &7 T (
+= Off Shioyazaki erq. D ‘ 7 P,
= | (
B,
- Source = D+@+® Source : interplate type at off Fukushima pref.
Q f
& [ Futaba F. Futaba F.
- I |
w B b
[¢D)
=
-
O
©
©
% EQ just beneath [==~ -
— the site(M7.1) |==—-"~
= >
Source = Futaba fault Source = EREM T HOME

X In addtion above, intra slab type earthquakes is considered only for diffuse seismicity.
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(2) Tsunami
@ inundated area and height

Unit Height(m) Site elevation (m)
Around #1 - #4 14~15 Around 10
Around #5#6 13~14 Around 12~13
*Average subsidence of Tohoku-Kanto coastal area: around — 0.8m

— o orr S
W e

RS
At point Hi 0.P.+14~15m
(Inundation depth: 4~5m) ~

ST~ ~ Inundation height: 0.P.+14~15m

At point 'I; 0.P.+14~15m
(Inyndation depth: 4~5m). |. .
= e

— " . [~ At point J; 0.P.+14~15n

(Inundation depth:- more-than 2m)

o - ‘ At Vpoint F&G: more than 0.P. +12m7

S — N
T ‘ At point C; more than 0.P.+1n -
(lnundation-depth: mo.re than 6m) Inundation depth; 4~5m

7At‘p‘oi‘nt ;( 0. P. +14~15m {Assumed from discolored area of
(Inundatiori depth: 4~5m) the building)

I .-

Atipoirnt A; 0.P.+13~14m ME=—— AR >
(lnundation depth: 0~1m) ‘ N

fdeatedAa’rga

Red: Inundation height .
(Inundation depth is indicated B e
inside the parenthesis) . '

Blue: Run-up height

'
1
1
T s vii
i CIIRRT T
" r

- TEPCOFLRYY—ZR4H9A

Y EVIVETT

voww w

" AN rs . n
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@ Comparison between design tsunami height and observed
B Evaluation standard for design tsunami

-Evaluation guide:JSCElTsunami evaluation technology for NPP(2002) ]
Above guide is incorporated into IAEA tsunami guide DS417 (1II 2-3)

Y A

| Selection of domimant histerical tsunami(s) for the site by literature survey I

z =
) v =2
Tsunami R B oA
*— runup 4—| Validity examination of tsumami run-up heights I =25
heights E.i 3
2FF
Setting fanlt model(s) gs3 E
Eg = ED
of fanlt SFE E
| Nemerical catcutstion Ja—]  modells) or calculation BE= _
to improve - 5— E
reproduction £ 3 3
T Ezz| & =
T= numerical calculation valid? o & =
[ =3 = 5
]
¢—— Result of numerical calculation 46— Yas 1 ;

Earthquake mduced tsunamis that could

occur along the plate boundaries and the Submarine active fanlt: induced tsonamis site direction of 2 coasthne
eastern margin of the Japam Sea .
(nuclear power plants)
Selection of tyunami source area frem the Felection of tsunami seusce area ou the basis
viewpoint of seismo-tectonic features of active faults survey and literature survey
L + |
| Determination of the standard fault model(s) for scenario earthquales I
il kil ) the dasigm tsumam

| Sefting the Tange of parameters of the standard fault model(s) to be varied I

v

! 1
1 1
1 1
[ 1
1 I Ferforming numerical calculation of scemario tsunami for numeTons cases I 1
1 1
1 1
[ 1
I 1

) 0BIIIS J0 SULIA) 1)
Lpammaed, jo sieg o) uo

SSA3] IS4 LAY CR ] N O X RTINS D AT i GOR B Y

SCEMATO Sunans

: rerorded hostoneal tounamm
e e run-up heights
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A0 1S SR

| Maximum water rise of the desizn tsunami

Alaximum water fall of the design tsunami
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B Tsunami source model at Fukushima Daiichi site

*Earthquake

The off Shioyazaki earthquake (M7.9, 1938)
*Design height: See Fig below

Re-evaluation study based on JSCE methodology

History of design basis tsunami evaluation

] 30° 8 Evaluation and timing
hil hauak Constraction Based on JSCE Seismic
ST 1960 Chilean earthquake permit(1966 guide(2002) back-
Q 35" 8 ~1972) check
Fukushima Design [ O.P.3.1m O.P5.7m Not yet
i i q . .
Dalichi NPy \C{E Max. (Chile EQ: (Shioyazaki EQ: | reported
3 height | M9.0, 1960) M7.9, 1938)
7 _/ £- Obser- “#1-#4:14~15m
?( o ] ved *#5,6:13~14m
4" 8 i (trace)
Near Field Far Field I
d A !
Tgunami 5o S ] syr]a.{nl I Modification around sea water pumps had been carried
80° W 70l W out to cope with tsunami height by JSCE methodology.
v

Maximum water level = 4.4m + O.P.+1.3m = O.P.4'-5.7m
Minimum water level = -3.6m — O.P.£=0.0m = O.P.-3.6m €+

Maximum water level
O.P.+5.7m

R

Mean tide level

R/B

O.P.+10 ~13m | S/ T/B

Fukushima Daiichi NPS

0.P.+0.8m

0.P-3.6m
Minimum water level
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B Tsunami source

JSCE 2002

rea 4
Source|area of
The 2011 Tohoku-
Atéa 5 chihou [Taiheiyo—oki
Area’ 7 q.(M,.9.0)
| Area 5

M,=8.2
’A%ea 8 I

Attention:
This is not source model.|

(a) Classification of sea area (source area)
in Japan Society of Civil Engineers (2002)

(b) Moment magnitude (M, list

A S MET R Rt 1
1 8.2 19524
2 8.4 19684
3 8.3 18964F
4 8.6 16114
5 8.2 17934
6 7.7 19784
7 7.9 19384
8 8.2 16774

Classification of sea area (source area)
in Japan Society of Civil Engineers (2002)

2011 Tsunami
ST -
Source area of ! T~
The 2011 Tohoku-, T,
chihou Taiheiyo—o;(i )
Eq.(My,9.0) | :
(LT} 1142 0 1430

| satake et al.(2008)

[
Moglel 8 (Mw8.3) |1 Satake et al.(2008)

! Model 10 (Mw8.4)

50

i -
a0 [EN

LT T
Lod

Fault model from the 869 Jyogan tsunami
by Satake et al.(2008)

(RALEH (EFW34-3-2) [ZHNEE)

The surveys of tsunami deposit sand at Sendai
and Ishinomaki plains by AIST show inundation
of Jyogan tsunami in 869 ran up over 3 km from
the coast.

(Yomiuri newspaper 2011-3-12)

B Handling of
the Zyogan EQ(869)

@ 32th Seismic design and

*Held for ground motion

*The member Okamura pointed

@ 33th above working group

*NISA directed utility to study

structure sub committee

EQ /tsunami and geology/

ground joint working group
(June 24 2009 ) :

reviewing

that research reports on
tsunami caused by the Zyogan
EQ by AIST and Tohoku Univ.
were not considered.

(July 13 2009)
additionally on tsunami caused

by this EQ, if new knowledge
acquired, until final report.
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@ Probabilistic tsunami hazard assessment and exceedance probability
of design tsunami height

B Trend of probabilistic tsunami hazard assessment
@®Method : JSCE tsunami working committee[ I 2-4, I 2-5] now investigating
-Uncertainty:Logic tree(Main parameters:EQ magnitude, amount of slide etc.)
@Trial example(Fig I -2-6)
*LT:Questionnaire to experts
= Almost equivalent source region of the off Tohoku earthquake tsunami(JTT1~3)
are indicated
=EQ upper magnitude Mj8.6, slide upper amount 16m. These are yet small.

The maximum Mw Year in which the
in the past tsunami occurred
JTT1 8.3 1896
JTT2 There is no histerical record. It may be
assumed to be the same Mw as JTT1.
JTT3 There is no histerical record. It may be
assumed to be the same Mw as JTT1.
Near-  ~rrapy 8.6 [ 1611 =
T field There is no histerical record. It may be <
sunami | JTNR2 assumed to be the same Mw as JTNR1. =
JTNR3 8.2 1677 =
JTS1 79 1938
JTN2 77 1978
JTN3 8.2 1793
Pi 9.0 1868
Far-field
; C1 8.8 1877
Tsunami —&3 53 1960
Numerical simulation Standand Devistion of Truncation of
lognormal distribution lognarmal distribution

Methad 1 (Single Model)

A reference fault model is

used for given location and
magnitude.

Truncated at
+23 B

B=0.223
(K =1.25)

‘ B=0.300 ‘
(=135
B=0372

35. ON

Method 2 (Multiple Models) } (K =1.45)
Multiple models taking account £ Truncated at

of the variability of a reference B=0.438 +10 B
(& =1.55)

' FIGURE_2. Distribution of near-field tsunami
source zones

fault model are used
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@®Example of tsunami hazard evaluation
-Examplel on : Iwate prefecture Yamada village (JSCE paper),

10°

—— 0.5073%%0
—-= 0.1673%%4h

T T T T
0. %mm i
| —= 0BT

' —— = 00575954

Annual probability of exceedance

>
L I TR R T R

Tsunami height (m)

Example 1: Long-term Near-field+ Far-field
Yamada village, lwate Pref.
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BComment on tsunami evaluation by
Earthquake Research Committee Headquarters for Earthquake
Research Promotion (HERP: semsmssesn)

*Within 3 years, HERP will assess and announce tsunami height,
iInundation area and occurrence probability on each coastal area
( May 13 2011)
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(8)Damage _
@DSea water pump, Emergency power Inundation

Reactor building Unit 1

Turbine building

Cooling sea water

pump motor
r===-=--- Il+10m \ +5.6m _Sfakwat_fr
— A5m | _/4____sz )\v+5m S intake pi
1 y Sea surface: Om
] >> /‘u = (Assumed fr md emln ed area of|
Emergency Diesel Sea water i buldlng)
Generator room intake pipe  Cooling sea water pump e 7 Ground leve! : 0.P. +10m

Reactor building Unit 6

Turbine building

Cooling sea water

pump motor s
- \ Sea water -
*3m gl = +13m 5.7 intake pit -
_ _Ig +5.8m
Jal — Sea surface: Om
Emergency Diesel Sea Water

Generator room

intake pipe Coollng sea water pump

Sea water system facilities of all units were inundated by tsunami.
Only one EDG of air cooling was survived in the site after tsunami.
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@ External power supply system
Fukushima-Daiichi NPP

o Extra-high-voltage
i Switchyard
40km 8km {  Switchyard . :
/ { P
e I} / iUnit 6
ig I /  Futaba-line No.1,No.2
i o Start 1 ! (Left one transmissig :
€x. startup I li | 5
Transformer ! | neonty) iUnit 5
I Eo Transformer :
I Yorunomozi-line Extra-high ]
: I N(()Gék’\\/f)oz -voltage i
- Switchyard ] .
1 ! iUnit 1
| All external pdwers : - X
1 i
| were lost. damaged N
1 1 Ookuma-line X _ iUnit 2
1 \ No.1, No.2 \ %ﬁ{g&gh H
\ i H
\‘ (275kV) \ Switchyard :
\ : 5
\ \ :Unit 3
\ ; erg
\ \CB damageg/etc. O'c\illgdémi‘llrle Startup
\ 8 0. ‘uni
(2’.[5kV) Transformer ;Umt A
Shin-fukushima Transforming H :
\ Station (TEPCO) Reserved
Construction
\\ — \\ ; Transformer :
\ \\ Tomioka-line
ex. Switchyard Shin-lwaki Yo (66kV)
Switch s Pacific
Station o - 6
Sources : \ SO Tomioka
TEPCO HP http://info.nicovideo.jp/pdf/2011-03-§§_1930_touden_genpatsu.pdf szmsiorg'"tg_ Sp‘a“°” }
TEPCO HP  http:/www.tepco.co jp/nu/kk-np/info/toRoku/pdf/23032202.pdf M et
-
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B External power supply system(1)

B External power supply system to Fukushima Daiichi site ( Fig 2-7)

*Units 1 and 2 : Commonly use the same two lines (offsite Okuma-lines 1 and 2),
via an onsite extra high voltage switching station. These are connected
to the Shin-Fukushima Substation 8 km upstream, to the Shin-lwaki Switching
Station about 40 km upstream, and further to such facilities as the Minami-
Iwaki Switching Station (where connected to the transmission network of
Tohoku EPCO) and the Shin-Motegi Switching Station.

*Units 3 and 4 : Also connected to the Shin-Fukushima Substation similarly.

*Units 5 and 6 : Connected to the Shin-Fukushima Substation via Futaba lines

1 and 2 ( transmission only) and Yonomori lines1 and 2 ( receiving only).

B Seismic damage to the external power supply system
=Units 1 and 2 : Contactor of extra high voltage switching station damaged by earthquake
*Units 3 and 4 : Control panel of extra high voltage switching station inundated by tsunami
-Units 5 and 6 : Steel tower #27 to start up switchyard collapsed

*Outside the site:
= Around the Shin-Fukushima transformer substation: Intensity 6 strong of JMA intensity

* Facility of the station as switchgear etc. damaged by earthquake.
2 system 4 feed line of 275kv for unit 1-4 and 1system 2 feed line for unit 5-6 failed.
B Seismic PSA result
Key issue dominant for CDF: LOSP (Station black out)

Measure:
-Base isolation for high voltage switchyard transformer with porcelain insulator
-Out of site steel tower reinforcement ( Fragility assessment revealed its effectiveness)
*Reinforcement on base( enlarge, pile base)
*Fence around base against tsunami protecting flow digging
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2.2 Fukushima Daini NPP site

(1) Ground Motion

S {O) Seismic Observation System at Fukushima Daini :

= / \ Example: Unit 4 |L; i N B l
: AnsEs - AERNE *J“'_'——Lg\:j—‘ ----- —a]

#4 Reactor building

E W
- R - 1
BFfri R ‘.I
e T PANZANZANZANZANFAN} |
BE O e s
| | 2nd floor (0, P, +18. Om)
0 )
| Jal ] 7 L0050
0=/ ]\ ol T R
2B 1508 0 Qﬁ=. i
Location of free " ﬂ r4-R1 Tﬂ D :l l
_bedrock surface | |-168m| S ] ° A3 i
| J : [ i O i
o , - )R
B2E] 0.0 D > =5 - [ )
TR 4-R2 whe=t 1
‘u
200
Cross section Seismometer at basemat
(0. P. 0. Om)
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@Comparison between DBGM Ss and Observed motion (1)

*Record stopped at around 130-150 sec. due to long EQ vibration (around
170 sec.)
*TableII -2-2:Max.acc. of 3 components at RB basemat
Horizontal Max. acc.: 277 Gal at Unit3(NS)
Vertical Max. acc. : 305 Gal at Unitl

eEarthquakes to define DBGM :

i Interplate earthquake of Off-Fukushima, ii Intraplate earthquake just beneath the site,
iii Earthquake due to active faults around the site, ivDiffused earthquake around the site

e DBGM Ss :

Envelope of i ~iv ; Ss-1, Ss-2, Ss-3

Table II-2-2 Max. accelerations recorded in reactor buildings

Loc. of observation Obs. Value*: Max. response acceleration

(bottom floor of Max. value (gal) to the DBGM Ss (gal)
reactor bld.)

NS ‘ EW ub | NS EW ub

Unit 1 254 2307 305 434 434 512

Fukushima | "2 243 1967 2327 428 429 504

Dai-ni Unit 3 277 216% 2087 428 430 504

Unit4 210%? 205%2 2887 415 415 504

1 These are temporal values. and mav be corrected later.
# 2 Eachrecording stopped at about 130-150 s from recording start time.
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B Comparison between DBGM Ss and Observed motion(2)

B Characteristics of response spectrum (ORS) of observed motions
*Observed ORS lower than Ss spectra (DBS) in all period

Response spectrum on foundation mat

Unit 2, NS oo
. . . . h=0.05
Acceleration seismogram at foundation mat 3000 R A I
Observation
. = ———— DBGMSs-1
1000 w243 Unlt 21 NS ® 2000 ———— oo DBGM Ss-2 —
e ———— _DBGMSs-3
% 500 b3
=2 u <
- 0 o 1000
g N
-500
<
1000 R R R R \\\
B T B IR R =
0 50 100 150 200 250 %.02 0.05 0.1 0.2 0.5 1 2 5
time (s) period (s)
Unit 3, NS
3000 — \\HH‘ — S
. = Observation
Unit 3, NS g ————  DBGMSs-1
2000 —
vorr S e [ DBGM Ss-2
1000 g —.—.—.— DBGMSs-3
% 500 < A
e 0 AMW‘_ (em/s9)1000 A M
15 s M AN
L 50 SN
-
-1000 s TR TR — N Ll
0 50 100 150 200 250 [y — P P 5
time (s) period (s)

® Exceedance Probability of
DBGM Ss and Probabilistic Seismic Hazard Evaluation

. %, (Horizontal) & (1005
500 N \ // /
[N N Aps | P
. O i -5
Annual exceedance probability & \‘w—f'//‘ W_
~ T A
(AEP) of o [ G e o
. P . v W rd o
Fukushima Daini (Fig2-9) 0 SN , 0
AEP of Ss:10-4~10-5 Ny o N
S ' IR <
I PV ]
(ABCA AN N
05| - Ss-1H i
< Ss-2H
B Annual probability of exceedance ||
02 (0100100009
0.1 1 L ‘ Il 11 1 T\t III| ‘ 1 1\ 111
001 0.02 0.05 0.1 0.2 0.5 1 2 L] 10
Period (s)
Fig 2-9

Annual exceedance probability of
DBGM Ss of Fukushima No?2 site




(2) Tsunami

@ Tsunami Observation System and Tsunami Records

B Tsunami observation system : Same as Fukushima Daiichi
Tide gauge at seawall + Recording system inside building
B Outline of observed tsunami
*Tide gauge:Not preserved due to water invading to building.
Tsunami time history and max. height were unknown
*Alternative: Assumption by trace of water invading

*Tsunami invading: Attacked from front sea area and invaded from
south of Unit 1, sea water discharge outlet, to all
most all of buildings area

B Sea side area where sea water pumps located and South side of
Unitl-3 building area invaded. Tsunami did not run up from sea side,
crossing over the slope, to main building area

B Observed tsunami height
-Sea side area: O.P. around +6.5 ~ 7m
=South side of 1U main building area including R/B, T/B etc :
O.P. around +14 ~ 15m
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@ Comparison between design tsunami height and observed (1)

Evaluation method and condition: Same as Fukushima Daiichi

*Design tsunami height
*Construction permit : 3.7m ( Chile EQ, M 9.0 1960)
»2002 evaluation : 5.2m (Shioyazaki; off Fukushima EQ,
M7.9 1938)
*Seismic back-check : Not yet reported

These value is smaller than observed.
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(3) Damage
M Tsunami invaded area and inundation height

Before the retroaction of

the tsunami

Typical inundation trace ( Point E)

Inundation_height ; 0.P.+7m
\

Inundation depth; +3m 8
(Assumed from discolored
area of the building)

R At point E; 0.P.+Tm
|- UInundation depth: more than 3m)

/] At point F: 0.P. +14~15n
7:|,_Cinundation depth: 2~3m)
: At point G: more than 0.P.+14. 1m
,(Inundation depth: more than 2. 1m)

At point C; 0.P.+7m
(lnundation depth: 3m)

At point B: 0.P.+6~7m —
(Inundation depth: 2~3m)

At Dc;int A; 0.P.+7~8m
=. | (Inundation depth: 3~4m)

At point H: more than 0.P.+14n
(Ipundat ion depth: more than 2m)

At point J: 0.P.+13.7m
/ (inundation-depth: 1. 7m)
— At point M: 0:P.+12-3m :
1 - (lnundation depth: 0.3m) s

- At point 0; 0.P.+12.3m | ==
“-- = | At point N; more than 0.P,+12 - -
(Inundation dapth: 0. 4m)

~At_point K: more than 0.P.+14m . :
(Inundation depth: more than 2m) Bt

Red: Inundation height
(Inundation depth is indicated| -
inside the parenthesis) =

Blue: Run-up height o
<— . Estimated pathway of R
tsunami_inflow

At point L: 0.P.+12.9m - {
‘- (Inundation depth: 0.9m) ~ |-

Press release by TEPCO:April 9
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@ Damage to sea water pump and emergency power

Sea water system facilities of all units were inundated by tsunami.
Emergency DGs at underground floor of Reactor Building stopped after tsunami.

Reactor building Unit 4

Turbine building

Cooling sea water
pump motor
1 \ Sea water
— +t1zm +6.0m intake pit
-—— % + p
: 12+0m hgtam B
-- 3\ / || | v Sea surface: Om
N >> Rl =
Emergency Diesel Sea water i
Generator room intake pipe ~ Cooling sea water pump
Before the retroaction of
the tsunami
Inundation_hei ; 0.P +Tm
e |
L
Inundation depth; +3m
(Assumed from discolored
area of the building)
TEPCOZLR)—R4A9H W Ground level ; 0.P.+4m
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@ External power supply system and damage
External power was supplied through 2 routes 4 lines for Unit 1 to 4;

Tomioka route : line 1 and 2 (66kv)
Iwaido route : linel and 2 (500kv)

* Observed JMA intensity around the Shin Fukushima transformer station:

Intensity 6 strong

= Unit 3 was brought to cold shut down thanks to survived EDGs and sea water pump next

day.

+ Sea water cooling pumps for #1, 2, 4 were failed, but thanks to survived external power
and recovery works, these plants were brought to cold shut down in 4-5 days.

1 line servived and 1 line failed
1 line was inspection outage, 1 line failed

40km

1
) 7
I

1
I

Among 4 lines, 1jline was suspended
by inspection, |

Iwaito-line
No.1, No.2
(66kV)

Fukushima-Daini NPP

Startup

Transformer
66kV
Switchyard

Unit 1

2* lines out of 2Joutes 3 lines were
failed by EQ. || ‘

]
\

Only one externa‘l power line was

survived. ‘\
\ - X -
\ Shin-fukushima
Transforming Station
\ . (TEPCO)
\ —~=
N N\
. A \
Shin-lwaki ~
Switch S
Station So
\ ~
Sources : \\
TEPCO HP  http:/Mwww.tegco.co.jp/nu/kk-npitiiki/pdf/230325.pdf

S

No.1, No.2

Unit 2

Unit 3

nioka-line

{500kV)

Extra-high-voltage
Switchyard

Unit 4

Pacific
Startup Ocean

Transformer

a7

3 Case of Onagawa, Tokai Daini NPP sites

Higashidori 3 ¢
Rokkasho &

mid.
off San-riku

zaki-kariwaj Fukughima-1
and -2 4

} Fukushima pref.
v, off Ibaraki pref.

| o T A =
Monjd Tokai2 ¢
Y ‘ i
L v

Hamaoka

200 km

off Miyagi pref.

OPC
Site  |Unit Ele. |OPC at after OPC after Tsunami
Output| EQ
EQ
Onagawa| #1 524/ OP ASD 3 lines of 4 external lines of
275kv and 1 of 1 line of 66kv :
Lost by EQ
#2 825 SU ASD Start-up trans for #1 : lost by
EQ. (light damage)
2 of 3 EDGs for #2 : Lost by
#3 825 OP ASD Tsunami
. Closed
Tokai 1. 1998
All external
. powers(275kv:2lines,
Tokai Daini | 1,100 OP | ASD | 454 1iine) : Lost by EQ
1 of 3 EDGs :Lost by tsunami
. P _ No damage by EQ and tsunami
Higashi-dori 11001 Al Max response acce. : 17Gal
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3-1 Onagawa

(1) Ground Motion

@ Seismic Observation System and observed ground motion
B Arrangement of Onagawa NPP Site and

Outline of Reactor Buildings etc.
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B Seismic Observation System in Onagawa NPP Site

@® Composition of Observation System :

Unit 2 R/B : Same as unit 1
Unit 3 R/B : Same as unit 1

-Seismometers : Reactor buildings + Vertical array + Recording system
Unit 1 R/B : 4 places : Roof, Refueling floor(5F), 1st floor (ground F.), Base mat

-Specification of seismometer : Acceleration time history record,
Two horizontal + vertical components
*Overwrite protection reflecting lessons learned at NCO EQ

Seismometers in vertical array

i

G.L{OP+1BTm)
P Q.P+17.0m

§ OP-86m
burface of bed-rock
Vs=1500m/'s

OP-428m
Vs=2000m/s

OP-1284m
Vs=2600m./'s
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B Outline of Recorded Motions

*All records were preserved in good condition

*Qutline of recorded accelerations on base mats
*Max. horizontal acceleration : 607 Gal (Unit 2, NS)
*Max. vertical acceleration : 439 Gal (Unit 1)

Maximum accelerations recorded in reactor buildings of each unit

Record Max. acceleration

Location of seismomete Max.acceleration (Gal) to the DBGM Ss (Gal)
N-S E-W U-D N-S E-W U-D
Roof 2,000 1,636 1,389 2,202 2,200 1,388
Unit 1 Ref. Floor(5F) 1,303 998 1,183 1,281 1,443 1,061
1st F. 573 574 510 660 717 527
Base mat 540 587 439 532 529 451
Roof 1,755 1,617 1,093 3,023 2,634 1,091
Unit 2 Ref. Floor(3F) 1,270 830 743 1,220 1,110 968
1st F. 605 569 330 724 658 768
Base mat 607 461 389 594 572 490
Roof 1,868 1,578 1,004 2,258 2,342 1,064
Unit 3 Ref. Floor(3F) 956 917 888 1,201 1,200 938
1st F. 657 692 547 792 872 777
Base mat 573 458 321 512 497 476
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@ Comparison between Design Basis Ground Motion (DBGM) Ss and Observed Motions (2)

& 2 (1=0.05)

M Outline of DBGM Ss BV OOV SR

@Seismic back-check : Review of DBGM Ss based XX < ]
on Revised Seismic Reviewing Gide

@Earthquakes to define DBGM :

i Interplate earthquake of Off-Fukushima, N x : - g

ii Intraplate earthquake just beneath the site, = F X%Qﬂ\\ 3

iii Earthquake due to active faults around the site | € * m G\

iv Diffused earthquake around the site \O; Y% VAN

@ DBGM Ss 5 fel :
* Procedure : Should envelope i ~iv =

- Ss-B, Ss-D, Ss-F 1@ 4 >

B Characteristics of observed response spectrum J

(ORS) of recorded motions at the vertical array wH 1
(O.P. -8.6m):

*ORS overshoot Ss spectra (DBS) in the period oy BZINNANNAN AN INAND

between 0.2 to 1.0 second B

*Tohoku Electric Co. : No safety related facility
in this period T Dhamenn
DBGM Ss-F
—— Observed (O.P.-8.6m, NS)
-------- Observed (O.P. -8.6m, EW)
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@ Exceedance Probability of
DBGM Ss and Probabilistic Seismic Hazard Evaluation

M \Velocity response spectrum of each
exceedance probability and DBGM Ss of _ o
Onagawa —

- Exceedance Probability of Ss : 10*~107 Horizontal Direetion| " / 4P

@ Source Models and Target Earthquakes
Source Models with identified active faults

e Interplate earthquake: the Miyagi-Oki earthquake T
eIntraplate earthquake: the 2003 Miyagi earthquake 5w
«Inland earthquake: active faults (F-6~F-9 faults) g
@ Diffuse Seismicity 3
*Interplate earthquakes, intraplate ocean RNy
earthquakes, Inland earthquakes tf—— sson
F 10-3 AEP spectra )|
Source models with identified active faults VT e e e :
) . o AT | | ~
Rupt tart "o 002 005 01 0.2 0.5 1 2 5 10
up:gien;s arting ~ Fault B 6. _
39 g\‘z;“" e : Period (s)
j“ Annual exceedance
< probability (AEP) of DBGM
Onagawa plant Aa /7] - .
o M Ss of Onagawa site
e Ry '.
y o — ;
*® 1\ M 7{‘-""-“_‘ B/“.;. : -‘
\
140° 141 142° 145

x) 1
Tohoku EPCO (2009) :B17-2-1 53

(2) Tsunami
@ Tsunami Observation System and Tsunami Records

B Tsunami observation system : Tidegauge (at sea wall) +
Recording system (at building)
B Outline of recorded tsunami
*Height : around O.P. 13m
Site grade level : 14.8m (before EQ, subsidense about 1m not refrected)
*Influence of tsunami : Traces at the seaside of the site, No ingress to buildings

Time history recorded at the site (March 11, 2011)

140

! e [Max. 0.P. +about 13m | ]
~ 12,0 / \ —
€ 10.0 —7
& 80 / \

o 6.0 Y
< LO
g 20 , S —
5 50 = - " - N A
= sV =] = = T = g
£ Log z g R S DA
603 S ] 2 S NI 2
8.0 s

. Underscale|—f
Time

Outline of tsunami at the site

Tsunami trace at seaside
Water level record H Main grgdg level of the sjte
_YO.P. #9137 . _ v O.P + Bm*!

i Tsunamilevel at /i
Establishment Permjit:
YOo.P 9. im. [

"""""""""" A (O.P. : Datum of the site, -0.74m to
,T/ mean tide level at Tokyo bay )
Tdejgauge

5

54




@ Comparison between the Design and Observed Tsunami Heights
EDesign Tsunami Height

eOnagawa district is featured with a rias-type coast. Lessons learnt from historical
tsunami disasters have taken root in this area. Caution against tsunami disaster has
been a local climate.

*To apply for construction permit, local residents’ opinions on tsunami run-up height
and other tsunami damage were carefully listened and reflected in tsunami design.

*Based on the 2002 JSCE tsunami evaluation method and the 2011 BC seismic design,
the Meiji Sanriku earthqguake was selected as the target wave source. Moreover,

evaluation results were refined by improving parameters of the wave source using
the most up-to-date knowledge.

BComparison of design tsunami height with observed tsunami height

*Design tsunami height is larger than the observed height even considering the 1m
ground subsidence.

Evaluation contents & periods
Construction permit | Based on the 2002 JSCE Back-check of
evaluation method seismic design (2011
)

Maximum 0.P9.1 0.P.13.6 O.P.14.4m

[tsunami water |(the 1611 Keichou (the 1896 Meiji Sanriku (the 1896 Meiji Sanriku
level(m) Sanriku earthquake, M8.6)|earthquake, M8.3) earthquake, M8.3)

Grade level : O.P. 14.8m
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(8)Damage

(DElectric power system and sea water pump system in the site

«Construction Arrangement of the auxiliary cooling system :Water intake port. Sea water pump,
Sea water pump room, Heat exchanger room.

*Height of the sea water pump room: O.P. 30m.

«Tsunami damage situation: tsunami flowed into the sea water pump room through the water
intake port of Unit 2; through the underground trench, it further inundated a basement room of
RB, and the auxiliary heat exchanger room (subbasement of RB).

Inundation situation of the heat e - R 1
exchanger room of the auxiliary cooling Heat exchanger room of the auxiliary cooling system

|
|

| s T

Intake por L Seawater flowed in . - — - Jf" T

R/B Unit 2

ondation in the heat exchanger
om of the iliary cooling system

Heat exchanger room
the auxiliary cooling syst
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@External power supply system

W Outline of the external power supply system and damage

» External power supply system: In the case of starting, shutdown and accident, external
electric power is supplied to Unit 1~3 through 275kV1 two lines from the Ishinomaki
transformer substation (25km from the site), 275kV1 two lines from the Miyagi central
switching station (65km from the site), and one 66kV1 line from the Onagawa transformer
substation.

* Seismic damage to the external power supply system

*JMA intensity observation
«Around the Ishinomaki transformer substation: Intensity 6 strong
«Around the Miyagi central switching station: Intensity 6 weak
«3 of 4 lines of 275kV were failed by EQ.
1 of 1 line of 66kV failed by EQ.

*(In-plant) power incoming unit
*The starting transformer for Unit 1 malfunctioned, could not receive electricity.
*The starting transformer was recovered on March 12, external power supply system

was restored by converting to the 275kV power system.

2 of 3 EDGs for unit 2 were stopped due to loss of pump of auxiliary cooling loop.
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Sources :
Tohoku Electric Power CO HP  http://www.tohoku-epco.co.jp/comp/gaiyo/gaiyo_data/setubi.html
Tohoku Electric PowerCO HP  http://www.tohoku-epco.co.jp/emergency/8/1182594_1800.html

58




(4) Integrity assessment of SSCs

@Integrity assessment of reactor buildings for the main shock (1)

W Background:
*Spectra of observed ground motions exceeded the DBGM Ss at some period
band.
*NISA required the Tohoku EPCO to make a plan and to implement inspection and
assessment of SSCs.
EEvaluation contents and results
*Assessment method
*Tohoku EPCO followed the same procedure used for assessment of Kashiwa-
Kariwa plant for the 2007 Chuetsu-Oki earthquake.
*Assessment conditions
eAcceleration motions recorded on the building foundation mat were used as
the input seismic motions for Unit 1~3.
*Assessment results
*Shear strain calculated for each floor are lower than the JEAG4681-2008
standard level (2.0x10-). Shear stress and elastic limit stress are also lower
than the standard levels.
«Comparison with JNES assessment results of Kashiwazaki-Kariwa NPP
*JNES had assessed the integrity of reactor buildings of Unit 1, 5, 6, and 7 for
the 2007 Chuetsu-Oki earthquake.
*JNES results showed that the ratios ranged from 8.7~14.3.
*Both the Onagawa R/B against the 2011 earthquake and the Kashiwazaki-
Kariwa R/B against the 2007 earthquake have a safety margin of above 2 times.
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@Integrity assessment of reactor buildings for the main shock (2)

Maximum shear strain of R/B aseismic walls

Analytical result Standard Value® (Comparison) DBGM 55
. NS Jif#) 0.36%10° 0.65x10"
ON Unit 1 EW Ji [ 0.35x10° 0.56x107
. IS Jifn 3 5 5%107
ON Unit 2 el 04910 2.0%10° 1154107
EW Jjin] 0.28=10 0.55%10
ON Unit 3 NS Jjln) 0.81=107 0.99x10™
EW Jiln) 0.18x10 0.41x107
#3 RmEmx. B [ 5 36 ST TR AC4601-2008) ] IZEHEBERTED
a2 F AT Al A0
Shear stress of R/B aseismic walls at each floor
Roof Roof Roof
0.P.61.575m x4 0.P50.5m 0.P50.5m ” Amalvical value (NS)
It N —— Elastic limit stress (NS)
5 floor 3 floor 3 floor M{— ¥4 —_ - Analytical value (EW)
0.P44.7m | ‘; 0.P.33.2m 0.P.33.2m :J’"}J - - - Elastic limit stress (EW)J
bl 1st floor istfloor | [ | . -
Fol 0.P15.0m 0.P.15.0m ‘7‘ ’ L \J X%é@%fﬁﬁﬁié
b i | LRI HONIE
105'21?(%: o T ":‘ ‘*"! o)1 1 54% : 0.88
e S S , b t 4 7)1 2 5 : 0.66
Basemat i i Basemat ! i Basemat ! ‘ }‘ #)11 3 5H% : 059
0.P2.3m i : — 0.P-8.1m ‘ — 0.P-8.1m . v
0 500 1000 1500 2000 1000 2000 3000 0 1000 2000 3000

Shear stress (x10%N)
ON Unit 1

Shear stress (X 10°%N)
ON Unit 2

Shear stress (X10%N)
ON Unit 3
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®@Integrity assessment of reactor buildings for the aftershock (1)

*Aftershock parameters (April 7, 2011) and ground motion summary
*Depth: 66km; Magnitude: M7.4; Location: In the slab
eComparison of ground motions recorded in Unit 1~3 with maximum values of DBGM Ss
Vertical ground motions recorded on the 3@ floor and the roof of R/B of Unit 2 and
the 34 floor of R/B of Unit 3 exceeded the calculated values based on the DBGM Ss.
*NISA'’s Instruction to Tohoku EPCO
*On April 26, NISA instructed Tohoku EPCO to assess R/B integrity using the recorded
seismic data.
*R/B Integrity Assessment
*Assessment Method: the same method used for the main shock

*Assessment Results: R/B integrity confirmed.

Maximum accelerations recorded in reactor buildings of each unit

Lo cation of Recurdl Mz, acceleration from
Soismometers Max, acoelerstion (Gal) DBEGM Ss (gal?
NS By LD S By D
Roof 2000 1454 1212 2202 2200 1388
Unit 1 Ref. Floori5F, 1280 80 724 123 1443 1061
1st F 403 513 385 GE0 N7 527
Base Mat 378 373 381 532 528 451
Roof 1875 1657 1386 3023 2634 1021
Unit 2 Ref. FloortsF, 1173 [afa]s] 1002 1220 1110 Lt
1st F 465 E16 426 724 658 763
Base Mat 387 385 373 594 572 490
Roof 1550 1775 863 2258 2342 1064
Unit 2 Ref FloorGF, 750 15 1333 1201 1200 935
1st F 420 Aaa 477 79z a7z 777
Base hMat J9g 398 311 B2 457 476
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3.2 Tokai Daini

(1) Ground motions

D Seismic observation system and
observed ground motion

B Arrangement of Tokai Daini NPP site
and outline of reactor building

gy —
________ i =l

_
|

Modified from the Establishment
License Application
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B Seismic Observation System in Tokai Daini NPP Site

@® Composition of Observation System :
*Seismometers: Reactor building (4) + Vertical array + Recording system
*Specification of seismometer : Acceleration time history record,

Two horizontal + vertical components
*Overwrite protection reflecting lessons learned at NCO EQ

= 9

Location of seismometers in R/B

Vertical array

location and
depth of
seismometers
OR-2000m
O0L-380.0m

@ Comparison between DBGM and Recorded Motions

= All records were preserved in good condition

*Qutline of recorded accelerations on base mat
*Max. horizontal acceleration : 225 Gal (NS)
*Max. vertical acceleration : 189 Gal

Maximum accelerations recorded in reactor building

Location of Record Max. acceleration | Max. response accelerations
e a——— Max.acceleration (Gal) at construction to DBGM Ss (Gal)
N-S E-W U-D N-S E-W N-S E-W U-D
6 F 492 481 358 932 951 799 789 575
Reactor 4 F 301 361 259 612 612 658 672 528
building
2F 225 306 212 559 559 544 546 478
Base mat
(B2F) 214 225 189 520 520 393 400 456




B Time Histories and Acceleration Response Spectrum of Observed Motions(ORS)

@ Comparison result

important equipment and piping

*Max. acceleration of the observed motion is smaller than that of the Ss
*ORS overshoot Ss spectra (DRS) in the range between 0.65 to 0.9 second
*JAPC : ORS is smaller than DRS in the dominant period range of safety

Acceleration time history on base mat (B2F)
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(2) Tsunami

(MDTsunami Observation System and Tsunami Records

B Tsunami observation system : Tidegauge (at sea wall) +
Recording system (at building)
B Outline of recorded tsunami
*Record of tidegauge : Not preserved due to inundation of building
*Tsunami Height : H.P. +5.9m ~ H.P. +6.3m (Tentative)
*Run-up height : About H.P. *+6.3m (Tentative)

*:H.P. means mean sea leve at the nearest commercial Hitachi harber .

i
|
|
1
13
|
i\
\\
\\
e\
_ Sea water pump room Z Bm) / (45.4m) X
1 Ay
+6.3m = e \\
[®(+5.4m) g SnT ; '
+6.0m | | e1m o\ GEam S 4 (ETETRRTTTTIrI— %
L ay f Rt
(+5.1;1).. B L — R €1, VP s f 'lu’“ N +5.9m/ | (req li !
I +5.9m 1 < —+6.1m/ | (450m) |
—Jj| ©52m) »(+5.1m)  (452m) a H CA |
+6.0- L L L 1
[ (+54m; ®4+6.0m | ——/ | S 1
> (+5.1m) e
Location where tsunami trace heights
were measured ) ) Tsunami heights are'shown in H.P., ( )is above sea level
— Areawhere tsunami traces were admitted (Subsidence by the earthquake is not considered)'
—-—Site boundary o - o ~ 200m

@ Comparison between Design Tsunami Height and Observed Height

Evaluation Result (Time of Assessment)

Establishment Evaluation based on Seismic Back-
Permit JSCE Method (2002) Check(2011~)
Max. Tsunami | Non-description |O.P.4.9m Report is not
Height (m) (Off-Boso Earthquake, | submitted yet
M8.2, 1677)




(3) Damage
@Sea water pumps and electric power system in the site (1)

OTsunami inundated emergency sea water pump area located in north part of sea
water pump room and one of three sea water pumps for emergency diesel
generators was stopped due to inundation

B Counter measures for Tsunami (Before the tsunami)

*Increase of height of side wall of sea water pump room : Under construction at the
tsunami (H.P.+5.80m)

*Additional countermeasures:
- New side wall construction outside of side wall (H.P.+) and
- Water seal of penetration holes on wall

*When the Tsunami attached the site, the work to increase the height of side wall was
completed but water seal work of penetration holes were not.

B Outline of tsunami at the site:

= Run-up height: About H.P.+6.3m

*Tsunami did not exceed side wall H.P.+7.00m

* Inundation to north side pump room seemed to be caused by water infiltration
through penetration holes. (South side pump room was secured.)

*Tsunami did not reach to main grade level (H.P.+8.89m) where main buildings were
located
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M Sea water pumps and electric power system in the site (2)

South side Side wall H.P. +7.0: North side
Completed
Water seal of penetrations: Completed
7 7
‘A4 4 % i 19
PEIEE / L V7 /! e /
= =7 4 e
Seee Y i
] 1 e~ ] = =
ﬂrculation water »(]] / 7
R o | 7

L =l = = =

/ seals were not.
Emergency sea water pump area Emergency sea water pump area

Side wall : Construction
r'/ completed

RHR sea water pump H.P.+5.80m |

__ Emergency sea )
Circulation water water pump area Moto g
pump area | EDG seawater pump N R ) S I E—
Motor : _ Tsunami height
L pump . ?_?‘_*?_'_e Pt investigation result:
bumg T o H.P.+6.3m

Fa S y
U I/LJUUI I L J . \side wall H.P. +7.0:
— L =4 Completed but penletration
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@External Electric Power (1)

B Grid for external power for Tokai Daini NPP :
*Start-up, Shut-down and Emergency :
From Naka transformer station, about 15km to the site, 275kV, one route two lines
and
From Ibaragi transformer station (8km to the site), via switch yard of the site :
external back-up, 154kV, one route one line
B Seismic intensity around Naka T. station : JMA6+, Around Ibaragi T. station :6-
B Outline of damage :
-Insulation oil leak : Main and start-up transformers
*All external powers failed but recovered as shown below.
- March 13 : Recovery of external back-up power line, 154kV, one route one line
= March 18 : Switch to main external power line, 275kV, resume to normal state
(All transformer stations outside of the site, at Naka and Ibaragi, were stopped
and all power transmission was halted
=Bach-up line should be taken notice because it was recovered before main
line)
=Two of three EDGs were started up due to external power loss, and emergency
power was secured.
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M Outline of Power Transmission Line outside of the Site (2)
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4. Information sharing with international communities (1/2)

1. Daily Notification
(1) ENAC Website
NISA has constantly been providing facility-related and other relevant information on the
Emergency Notification and Assistance Convention Website, designed for member states
to exchange information on nuclear accidents.
(2) IEC (IAEA)

NISA has constantly been providing the Incident and Emergency Centre of IAEA with
press releases and other relevant information, as well as responses to questions on such
communication.

(3) Foreign Media Briefing
- NISA joins relevant government agencies in daily foreign media briefings at the PM’s
official residence on March 14, 17 and every day afterwards.
- NISA officials give account to damages suffered at Fukushima NPSs and respond to
guestions.
(4) Briefings for Diplomatic Representatives in Tokyo
- NISA joined the Ministry of Foreign Affairs in briefing sessions for Diplomatic
representatives in Tokyo.
- Distributed press releases (English), provided explanations and answered questions.
(5) English information on the Web
- Nuclear and Industrial Safety Agency: http://www.nisa.meti.go.jp/english/index.htm|

- Office of Prime Minister: http://www.kantei.go.jp/foreign/index-e.html
- TEPCO News(Pictures, Movies in Japanese): http://www.tepco.co.jp/tepconews/pressroom/110311/index.html
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4. Information sharing with international communities (2/2)

2. IAEA

(1) Technical Briefing on March 21st
Following the special meeting of the IAEA Board of Governors, NISA officials
briefed the member state representatives on the overview of the earthquake
itself as well as the status of and ongoing measures to address the Fukushima
NPS accident.
(2) Side event on the “Fukushima Daiichi Accident and Initial Safety
Measures Worldwide” on April 4t
NISA and MEXT officials explained the member state representatives the
Status of Fukushima Daiichi NPPs and monitoring, action taken and Future plan
as well as the implementation on emergency safety measures.

3. OECD

(1) MDEP Steering Technical Committee on April27-29
(2) OECD/NEA Steering Committee on April 28-29
(3) CNRA Highlevel Senior Task Group on May 4-6
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5. Remarks

® Continue to make every possible efforts to bring
the situation under full control

® Will identify the cause of the accident thoroughly
and review safety assurance measures

® Offer the information as much as possible and

share the lessons learned from the accident with
the international community
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