2. Damage caused llye earthquake and tsunami hitting Fukushima NPSs
(1) Seismic ground motion and tsunami height observed at FukushiriehDEPS
1) Matters related to seismic ground motion
a Seismic ground motion observation system and observatords

The seismic ground motion observation system of FukushimdcBiaNPS, as shown in
Figure Ill-2-1, consists okeismometex installed on the first basement and the sgécon
floor of the reactor building seismometer in underground dowhole arrg (five
seismometer in each part hole) at twparts in the south and nortf the site and
observation record d&e. Seismometey observe acceleration time history of two
horizontal and vertical components.

Seismometeyr are installed at 53 positn Fukushima Daiichi NPS. Seismic ground

motion was recorded at 29 panbut of them.However, according to
investigation, recomslof acceleration time histonyereinterrupted at around 130 to 150

seconds asevenp 0i nt s . TEPCOOs dthavtleescausegnad failorenof r e v e a |
recoding device software.

Table 11I-2-1 shows the list of maximum adegation ¢ seismic ground motion observed
in threecomponents (eastest, northsouth and vertical) at the base mat level of the
reactor buildingsMaximum acceleration in horizontal direction was 558l at Unit 2
(eastwest) and thaih vertical direction was 30&al at Unit 2.

b Comparisonbetween standard seismic ground motion Ss and seismic ground motion
observed

In the seismic back checkje stadard seismic groundhotion Ss (S4 to Ss3) are
established to envelop the seismic ground motion caused by plate boundary earthquake
off the coast of Fukushima Prefecture, intraslab earthquiadmeeath the site, earthquake

by capable fault around the si@gd possible earthquake from diffuse seismicit

Table Ill-2-1 shows maximum responsecelerationto the standard seismic ground

® Intradab earthquake: The earthquake caused by a fault rupture within a descending oceanic crust
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motion Ss at the site wheseismometerwereinstalled at the base mat level on the first
basement level of the reactor loimgs. The table shows that observed maximum
acceleration is mostly smaller than maximum response acceleration to the standard
seismic ground motion Sd-dowever, maximum acceleration observed in -t
direction at Units 2, 3 and 5 is larger than maximresponse acceleration to Bigure
[I1-2-2(a) shows acceleration time history of eaest component in Unit 2.

Figure Ill-2-2(b) shows the comparison chart between the response spectra of observed
seismic ground motion at the base mat level of thetoe building of Units 2, 3 and 5

and the response spectra at the base mat level of the building, inputting the standard
seismic ground motion Ss into the base.mae Figure shows that the response spectra

of observation records of Units 2, 3 and 5 extsethe responde Sswith aperiod of 0.2

to 0.3 second.

c Probabilistic seismic hazard assessment and exceedance probability of the standard
seismic ground motion Ss

The Regulatory Guide for Reviewing Seismic Design of Nuclear Power Reactor
Facilitieswas revised in 200@&Jnder the revised Guide, considering the residual risk, the
standard seismic ground motion Ss exceedance probability is referred from the
standpoint that the possibility of seismic ground motion exceeding the standard seismic
ground notion Ss is undeniabl®&ISA instructed TEPCO to conduct seismic back check
(evaluation of Ss adequacy and safety of facilities) based on revision of the Guide.
TEPCO evaluated the standard seismic ground motion Ss exceedance probability
according to the esmic hazard evaluation procedures of the Seismic PSA
Implementation Standards of the Atomic Energy Socidtyapan as a part of seismic
back checkand reported to NISA.

Figure IlI-2-3 shows theuniform hazardspectraof Fukushima Daichi NPS.In the
Figure, SslH and Ss2H response spectra are also shoWme figure shows exceedance
probability of the standard seismic ground motion Ss is within the range*db 1D°
per year.

2) Matters related to tsunami

a Tide level observation system and afed records

[-29



The tide level observation system consiststidé gaugeand observation recording
device.Thetide gaugds installed in quiet area in harbor, and the tide level observation
recoding device is installed in the data transfer buildiAgcording to the press
conference of TEPCdApril 9), initial major tsunami arrived at around 15:27 (41
minutes later of mainshock occurrence) aadnami heightwas approximately 4 m
height. Though secondary major tsunami arrived at 15:35, the water lauginiswn

due totide gaugdailure. Maximum scale of thgaugeis 7.5m.

The sie height of Fukushima Dachi NPS is 10m at Units 1 to 4, and 18 at Units 5
and 6. At Fukushima Dachi NPS, tsunami rushed from the offshore area in front of the
site, andmost part of the site where mainiloings were placed was flooded. TEPCO
reported about thénundation height based on the results of trace investigation at
flooding. The results of the report are shown in Figur&#d. Theinundation height of

the ocanside site such as reactor buildings of Units 1 to 4, turbine buildings, etc. is O.P.
approximately +14 to 15 at points H to K in the Figuf®.P: Onahama Port base tide
level for construction) Experts estimate that thesunami heightcaused by this
earthquake is more than 1fx from the picture (refer to Figll-2-5) showing the
overflow status of tsunami seawall (i) released by TEPCQ is henceassumed that
tsunami height at the sea water pummdge than 10n.

The average ground subsidenesdl is approximately 0.8 along the coast areaf
Miyagi to Fukushima prefectures this earthquake, and it ie2cessaryo consider that
the site height may change by ground subsidence when hit by isunam

b Comparison between design basis tsunangtieind observed tsunami height

As shown in Figure IH2-6, in the apptiation document foestablishmenpermit, subject

tsunami source is Chile Earthquake (M9.5 in 1960) and the design basis tsunami water

level is 3.1m. In 2002, TEPCO evaluated the dam tsunami heighbased on the
ATsunami Assessment Method for Nuclear Power
Evaluation Subcommittee, the Nuclear Civil Engineering Committee, Japan Society of

Civil Engineers (hereafterreferred to asTsunami Assessemt Method of JSCE,

assessin@ff the coast ofFukushimaPrefectureEarthquake(M7.9 in 1938) shown in

Figurelll -2-6 as M8.0voluntary and the highest water level of each Unit wasass.4

to 5.7 m. According to the evaluation, elevation of Unit 6 seater pump motoof
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emergency diesel generator was raised upr@@nd alsahat ofsea water pump motor
for High Pressure Core Spray was raised upr2

Tsunami Assessment Method I8CEaboveis also reflectedn IAEA TsunamiHazard
Guide DS417Howe\er, the tsunami recurrence period is not identifiethe method,

At the 329 Joint Working Group for Earthquake, Tsunami, Geology, and Foundations
under the Seismic and Structural Design Subcommittee (June 24, 2009) held in order to
conduct examinatiorrelated to earthquake, it was pointed out that although the
investigation report about tsunami the Jogan earthquake in 869 was made by National
Institute of Advanced Industrial Science and Technology and Tohoku University, the
earthquake causing the teumi was not dealt withRegarding this, NISA requested
TEPCO at the 33Joint Working Group (July 13, 2009) take into accounthe Jogan
earthquake for evaluating design tsunami heigien new knowledge on the tsunami of
theJogan earthquake is obtath

c Probabilistic tsunami hazard evaluation and exceedance probability of design basis
tsunamiheight

The Tsunami Assessment SubcommitteeJBCEis at work on consideration about
probabilistic tsunami hazard analysis methésl.a part of the considation, the tsunami

hazard assessment method and the trial assessment of tsunami exceedance probability
(Fig. IlI-2-7) are already announced but not yet comple@itier trial assessment of
tsunami hazard is also announced.

3) Matters related to damage
aMatters related to external power supply system outside the site

Figures 1112-8(a) and 11I-2-8(b) show the transmission network of external power supply

of Fukushima Daichi NPS and the damage situatioks shown in the Figures, the
Okuma Nos. 1 and 2ower transmission lines (2748/) from Shin Fukushima Power
Substation connected to the normal high voltage switchboards of Units 1 and 2 via the
switchyards for Units 1 and 2, and in additi®&PCO nuclear line (66V) from Tohoku
Electric Power Co., Inaonnected to thaormal highvoltage switchboardf Unit 1 via

the switchyards for Units 1 and 2s to Units 3 and 4, the Okuma Nos. 3 and 4
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transmission lines (27BV) connected to the normal higloltage switchboardf Units 3
and 4 via the switchyardsr Units 3 and 4 as welFor Units 5 and 6, the Yorunomori
Nos. 1 and 2 transmission lines (&%) connected to the normal higholtage
switchboarddf Units 5 and 6, too.

In addition, the normal high voltage switchboard of Unit 1, the normal highgeolta
switchboard of Unit 2, and the normal high voltayétchboard of Units 3 and 4 were
connected mutually, ancklectric power interchange was possible. However, the
switchyard for the Okuma No. 3 transmission line in the switchyards of Units 3 and 4
was wnder construction on the day when the earthquake occurred, and as a result, external
transmission line in the total of six lines was connected to Fukushimai&iPS.The

Shin Fukushima Power Substation is located approximately 8 km from the sitdeand t
seismic intensity of this earthquake is estimated to be 6 upper.

The earthquakeausedlamage to the breakers of the switchyards of Units 1 and 2. As to
TEPCO nuclear line from Tohoku Electric Power, althoiigh not possible to estimate
the cause,ables were damaged. Concerning Units 3 arid dddition tothe Okuma No.

3 transmission linender constructigrthe breakers of Nos. 3 and 4 transmission lines on
the side of Shin Fukushima Power Substafailed. In addition,for Units 5and 6, one
transmission line towerd@wer No. 27) connecting to the switchyards of Units 5 and 6
was collapsedAs a resultall external power supplies of Units 1 to 6 were lost.

b Sea water system pump and emergency power supply system in the site

As to the sea war pump facilities for component cooling (height: 5.6 ton at
Fukushima Daichi NPS, all Units were flooded by tsunami as shown in Figus-4l
Whether or not they were damaged by wave power is under investigation. In addition,
the Emergency Dies@&enerators ahswitchboards installed in the basement floor of the
reactor buildings and the turbine buildings (height: 0 tons)8vere flooded except for

Unit 6, and the emergency power source supply lastsRegarding Unit 6, two out of
three Emergenc Diesel Generators were installed in the first basement of the reactor
building andwas flooded, but one Generator installed on the first flobrDiesel
Generator buildingvas not floodeénd the emergency power supply was possible.

(2) Seismic ground otion and tsunami observed at FukushimamalPS
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1) Matters related to seismic ground motion

a Seismic ground motion observation system, and observation records and observation
seismic ground motion

The seismic ground motion observation system of Bkoa Daini NPS is basically
similar to that of Fukushima Ddéghi NPS previouslydescribedin 2 (1). The
seismometex are installed at 43 points in Fukushima Brai NPS. All of these
seismometex recorded the acceleration time history data of the seigroind motion

by this earthquakeédowever,in the same wawps Fukushima Dachi NPS, recording of
acceleration time history was interrupted at around 130 to 150 seconds at 11 points due to
failure of recoding device software.

Table Ill-2-2 showsobservéion records ofmaximum responseaccelerationin three
componentstwo horizontal(eastwest and nortfsouth) andonevertical componenton
the base mat of reactor buildingaximum acceleration in horizontal direction was 277
Gal at Unit 3 (nortksouthdirection) and that of verticallirection was 30%sal at Unit 1.

b Comparisonbetween standard seismic ground motion Ss and seismic ground motion
observed

The standard seismic ground motion Ss-19e Ss3) are established to envelop the
seismic grounamotion caused by plate boundary earthquake off the coast of Fukushima
Prefecture, intraslab earthquabeneathhe site, earthquake by capable fault around the
site and possible earthquake from diffuse seismidigple 11l-2-2 shows maximum
response accefation to the standard seismic ground motion Ss at the site where
seismometer were installed at the base mat level on the first basement level of the
reactor building. The table also shows that maximum acceleration ofrehtion
records of all Unitsvere smaller than maximum response acceleration to the standard
seismic ground motion Ss.

Figure 11I-2-9 showsthe acceleration time history atite response spectra of observed
seismic ground motion at the base mat level of the reactor building of Unlito3e
acceleration in horizontal direction was higheBlie figure also shows the response
spectra on the base mat level inputting the standard seismic ground motion Ss into the
base matThe figure implies that the response speobtained fronobservatbn records
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fall below the response spectra inputting the standard seismic ground motion Ss

¢ Probabilistic seismic hazard assessment and exceedance probability of the standard
seismic ground motion Ss

Figure 11I-2-10 shows theuniform hazard spectra oFukushimaDai-ni NPS. The
response spectra of -85l and S<2H are also shownThe Figure shows that the
exceedance probability of the standard seismic ground motion Ss is within the range of
10*to 10° per year.

2) Matters related to tsunami
aTide lewel observation system and observed records

The tide level observation system of FukushimamalPS is basically similar to that of
Fukushima Daichi NPS previously mentioned in section 2.(1). According to the press
conference of TEPCO on Apr. 9, initimajor tsunami arrived at around 15:23 (37
minutes later of maishock occurrence) and next major tsunatii5:35. After thatthe
circumstanceés notclear

Because théide gaugewas damaged, the observation records were not preserved. As a
result, teinami time history and maximutsunami heighivere not clear.

TEPCO reported about thirundationheight based on the results of trace investigation at
flooding as well as Fukushima Dighi NPS previoushydescribedn section 2.(1)Figure
[I1-2-11(a) slows the report results. Fukushima D@iNPS consists of the oceaide

area where seawater pumps, etc. are installed and the raised meid#agnea where
reactor buildings, turbine buildings, etc. are installesinami at first flooded from the
oceanside area in front of the site. Afterward, as shown in the Figure, tsunami flooded
from the narrow space between the south side of Unit 1 and the slope in the
mountainside area, and reached the back of the moustde area. There was no
flooding excepfrom the narrow place. Thaundationheight in the oceanide area was

O.P. approximately +6.5 to ™, and O.P. approximately +14 to 1% in the
mountainside areg O.P. means base level of Onahama Port construction).

b Comparison between design basisnami height and observed tsunami height
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In the application document for construction permit , subject tsunami source is Chile
Earthquake (M9.5 in 1960) and the design basis tsunami height of each Unit is 3.1 to 3.7
m in the same way asukushima Daichi NPS. In the previously mentioned assessment
based on the Tsunami Assessment Method for Nuclear Power Pldatsaim (2002)pff

the coast ofFukushimaPrefectureEarthquake (M7.9 in 1938) was assessed as Nt8.0

the same wags Fukushima D&chi NPS,and the design height of each Unit was 5.1 to
5.2m.

3) Matters related to damage

a Matters related to external power supply system outside the site

The transmission network of external power supply of FukushimanDdPS contain

four lines including wo lines of the extra high voltage switchyard on the site used in
combination among Units 1 to 4 and the Tomioka Nos. 1. and 2 transmission lines
outside the site (50kV), and two lina of the Iwaido Nos.1 and 2 transmission §1(66

kV), and they connedo Shin Fukushima Power Substation, 8knsttgam andfurther,
connect to Shin Iwaki Switchyard, approximatel4 upper. Out othesetransmission
lines,power supplyfrom Iwaido No.1 had been stopped for maintenance.

The seismic intensity in the arasound Shin Fukushima Power Substation is estimated
to be 6 upperThe Tomioka No. 2 transmission line (5@V) and the Iwaido No. 2
transmission line (68V) to Units 1 to 4 of Fukushima Dai NPS stopped transmission
due to failure of devices on the sidf the switchboard, caused by strong ground motion
in this earthquakedowever, the power supply to Units 1 to 4 was continsiade the
Tomioka No. 1 transmission line could supply electric pofnefer to Fig.11+2-8(a)).

b Sea water system pump ande¥gency power supply system in the site
The sea water pump facilities for component cooling of all Units (heigit) @vere
flooded by tsunamand lost its functiorexcept Unit 3, which was not flooded and kept

its function.

The Emergency Diesel Genevet installed in the basement of the reactor buildings
(height: Om) kepttheir functions for Unit 3 and 4, howevethosefor other Units lost
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theirfunctions by completely floodindFig. Il -2-11(b)).

As shown above, the sea water pump facilities fonmanent cooling and the emergency
diesel generator kept those functions only for Unit 3
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Table llI-2-1 Max. acceleration values observed in reabtoldings at Fukushima Ddghi

NPS.
Loc. of seismometer Record*! Max. response acceleration
(bottom floor of Max. acc. (Gal) to the DBGM Ss (Gal)
reactor bld.) NS EW uD NS EW UD
Unit 1 460%2 447%2 258*2 487 489 412
Unit 2 348*2 550%2 302*2 441 438 420
Fukushima | Unit3 | 322¢ 507%2 231%2 449 441 429
Dai-ichi Unit 4 281*2 3192 200%2 447 445 422
Unit5 | 311%2 548+ 256+ 452 452 427
Unit6 | 2982 44422 244 445 448 415

*1 These are temporal values, and may be corrected later.
*2 Each recording was interrupted at around 130-150 s from recording start time.
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Fig. lll-2-4(a) Damage of Fukushima Diahi NPS due to the tsunami.
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Fig. 1lI-2-7 Evaluation results of tsunami hazard curves based on- reear
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Fig. 111-2-8(b) Damage of external power supply systems of the Fukust

Dai-ichi and Daini NPSs (2).
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