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Chubu Electric Power Co., Inc. (CHUBU) " Sictite Power

Philosoph
/. .

Chubu Electric Power Group delivers the energy
that is indispensable to people’s lives and so
contributes to the development of society.

Corporate Group
Structure

Distribution Areas and Frequency of General
Electricity T&D Utilitles
(Ai of februwary 2028

v

CHUBU

Electric Power

@
" Jera

CHUBU CHUBU

Electric Power Grid Electric Power Miraiz

Source: JEPIC “The Electric Power Industry in Japan 2024”
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Hamaoka Nuclear Power Plant (HAMAOKA) " Sictitc Power

Decommissioning Taking safety
(Halt operation Jan 1,2009) improvement measures

. Measures in accordance with the ‘
New Regulatory Requirements

Mt. Fuji TOKYO
Kyoto -
» @

v/"

Hamaoka NPS

Filed Jun 16, 2014 | | Filed Feb 14, 2014 |

Power output [Commencement of operation]

Unit 3 1,100 MW [ 1987 ]

Unit 4 1,137 MW [ 1993 ]

Unit 5 1,380 MW [ 2005 ]

Total

output 3,617 MW ) Taking safety

P o improvement measures
A sy 22,057,000 MWh (2006-2008 average ) © s

site area about 160 hectares | Ejao?;\/-vs,isﬁt?baobucfut?ﬁ:rwﬂ
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Countermeasures against Earthquakes & Tsunamis

CHUBU
Electric Power

Equipment Measures

<Power Supply>

- Gas Turbine Generator
+ AC Power Supply Car
-~ ;"‘. '-.\ -

4 <Earthquake>
* Pipe Support Remodeling

<Tsunami>

* Protection Wall S
* Overflow Prevention Wall .
- Watertight Door

" <Feed Water>

- Emergency Water Storage Tank
- Feed Water Car

<Heat Removal>

- Emergency Sea Water Intake System

Strengthen On-site Responsiveness

\ _/

~

Tsunami Protection Wall
(22m above sea level, 1.6km long)
(16m above ground level)
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CHUBU

The Great Nankai Trough Earthquake and Tsunami " Sictirc Power

- The Great Nankai Trough Earthquake and Tsunami could be one of the worst disaster in Japan.

- It has occurred about every 100 years in the past, and CHUBU assumes that the tsunami will come to HAMAOKA.
- The Japanese govemment is simulating the earthquakes and tsunamis and calculating the damage.

&
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1

umption] - Magnitude:M9.1

e

- Maximum Tsunami Height:31lm@Shimoda

i

(Maximum Tsunami Height:19m @HAMAOKA)

- the number of deaths:298,000

REOBE(ERMESIVEEROBE) T u\

W0 -
W00 - 2.0
50 - 0.0

The Great Nankai Trough |
Earthquake and Tsunami .1 Maximum Tsunami Height

- the number of buildings destroyed/burned:2,350,000

Tsunami Height (m)

MW 20.0 —

M 10.0 — 20.0
1 5.0—10.0
] 20— 5.0
B 1.0— 20
[1001— 1.0
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'CHUBU

Tsunami Warning by Japan Meteorological Agency e’ cecicrou

[Operation of Tsunami Warming in Japan]

- The Japan Meteorological Agency (JMA) issues Tsunami Waming within 3 minutes of an earthquake.

- Since its section for tsunami wamings are relatively large in size, we cannot get detailed tsunami information.
- Therefore, CHUBU has developed a brand-new tsunami observation and prediction system.

[Tsunami Forecast Section] [Types of Tsunami Warning]
N Sy A . Estimated maximum
s e ZHFES tsunami height
S, o N r Numerical Massive
/\ announcement | Earthquake
L\ \ ‘ i | Tsunami 5m < h <10m Huge
l HAMAOKA i | Warning 3m <h =5m
L BHR 5 . -
)y S | x’“”‘?‘m' 1m < h =3m High
Source: JMA HP arning
Tsunami
< —
Advisory 0.2m=h=1m

Tsunami Warning by Japan Meteorogical Agency |©

Chubu Electric Power Co., Inc. All rights reserved.



https://www.jma.go.jp/jma/kishou/know/jishin/joho/tsunami-yohoku.html
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The Current Tsunami Prediction System " Sictite Power

« CHUBU has developed a brand-new tsunami observation and prediction system called
"The Hamaoka Tsunami Observation and Prediction System (HTOPS) in 2020.
« HTOPS consists of DONET, Oceanographic Radar, and GPS buoys as observation equipment.
The world's first installed
tsunami monltorm radar

Pressure Gauge Dol Resemreiteins) - Oceanographic Radar
measures water Préssure - -_ ; : measures sea surface

current velocity

,oc -
oooooo

Selsmometer
measures acceleration

Source: National Research Institute ) . .
for Earth Science and Disaster Resilience Copyright © Chubu Electric Power Co., Inc. All rights reserved.

Location of observatlon equment GPS buoy
measures water level

Source: Ministry of Land, Infrastructure
, Transport and Tourism
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The Current Tsunami Prediction System

CHUBU

Electric Power

HTOPS predicts maximum tsunami height, tsunami arrival time and disappearance time in front of HAMAOKA.
HTOPS aims to support the head of HAMAOKA to make dedision for refuge.

Tsunami Arrival
Time (> 0.2m)

11

Maximum Tsunami
- Arrival Time
- Height

HES, REFMERTAEZESLELE
\ E—REE IS (>0.2m

cE\E
15:26 (891%) Ml

i <3m

. <

15:20 (291%) 15m |[#& BH158
HER1ESR RRER REPMERT!

e < AR TR (D > L RABE ST - AE
RN 27015 : 00k 7H1s: 3R 15:26 (84i%) 15m
BAKE: 2k o ';”'m:'gmm ‘ BRI F MR (>0.2m)

B W vt O FRANAEA : 10m 15:20 (29)1)

%0.6 Fd1%20km BARTEFHNL - HE
SEAMLIORE 15:26 (8%4) 10m
e RATIARNOT 0N - S

AR m 15:35 (17434%) -5m
R 65)

BRFHRA (<3m)
HH158

R

-+ ENETARI

- BRI

HTOPS Display

Comprehensive Excercise

Tsunami
Waveform

Tsunami Disappearance
Time (< 3.0m)
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“Function” and “Issue” of HTOPS

"CHUBU

Electric Power

Functions: Assistance in @Wrapid refuge, @Planning recovery operations
Issues : QIf tsunamis occur far from equipment, it takes to predict them

Earthquake
& Tsunami

Events ¢ ¥YMajor Tsunami

Actions

HTOPS

Monitor
Camera

12

Time Flow

V¥ Tsunami Arrives

V¥ Tsunami Disappears ¥ Warning

% Aftershock IS cleared

I aArnNninNnod
arrimy

|
|
|
|
I
ii i Sevpre
M !
:Refuge : | Operation
i Automatically i H starts
L | X
¥ Prediction : ¥
—~ ' W
@Call for Check Check

Rapid Refuge | aArrival Disappearance

Access route | — — L
I* Accident | Within 6hours @HTOPS can predict

! I —

when tsunami disappears.
Refuge We can plan recovery
or Not operations.

4---

A
I
I
I

Prediction
N

@ Rapid Prediction is
iImportant !!
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CHUBU

Prediction Flow and Research Issues ! S e

[Prediction Flow]

e :
Tsunami Tsunami -
Occurs arrives
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CHUBU

Prediction Flow and Research Issues o' Ebtiic Power

[Prediction Flow] Wcyrent

Tsunami —{ Tsunami Warning | Tsunami >
Occurs (Within 3minutes) arrives

Copyright © Chubu Electric Power Co., Inc. All rights reserved.



CHUBU

Prediction Flow and Research Issues o' Ebtiic Power

[PI‘EdiCtiOI‘I FIOW] T —- vCurrent
Tsunami = Tsunami Warning l—l T — o Tsunami |-

Occurs (Within 3minutes) Tsunami arrives

ey

HTOPS

In about l
10 minutes Prediction
at the fastest.
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CHUBU

Prediction Flow and Research Issues o' Ebtiic Power

[PI‘EdiCtiOI‘I FIOW] T —- vCurrent
Tsunami = Tsunami Warning l—l T — —o Tsunami |—>
Occurs (Within 3minutes) Tsunami arrives

"I DATA | T—_-
1-1 A About 20 minutes
HTOPS (Assumption)
In about l Leag Time

10 minutes Predictjon | ‘mm——)
d at the fastest.

Because it takes time to observe the tsunami, We cannot secure sufficient Lead Time.

N TR 7 e WEEW Wi,
Is there any information that can be used for rapid tsunami prediction?

What Natural Phenomena occur with tsunamis?

16 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Natural Phenomena that occur with Earthquakes & Tsunamis ' Eiciric ower

Earthquake
D 4

Water Pressure Fluctuation
D 4

Tsunami
b 4

Infrasound Wave
) 4

lonospheric Hall
4

Magnetic field fluctuations

We are considering whether natural phenomena that occur with tsunamis
can be used for tsunami prediction.

> Infrasound Wave is suitable for rapid tsunami prediction and highly feasible.

18—/ T = serve d.



CHUBU

Infrasound Wave ! S e

Infrasound Wave is ultra-low frequency sounds below the audible
range, also known as micro-pressure vibrations.

[How fast Infrasound Wave travels?)

OFEarthauake How long does it take
X to travel 100km?*?
\ ORISIHQ sea * Distance between the assumed
levels tsunami epicenter and Hamaoka
v L
: Average 300km/h
Tsunami =N 20 minutes

Infrasound | speed of sound:1200km/h
Wave =in 5 minutes

19 Copyright © Chubu Electric Power Co., Inc. All rights reserved.



Observation of Infrasound Wave of the Great East Japan ' CHUBU

Earthquake and Tsunami (2011.3.11 W FecticPone
[Observation) [Numerical Analysis]
Acceleration (at Hosokura)

Fault Model: the Great East Japan Earthquake

200 1 T
1 1 1 ]

= 103% Time: 0.00(s)
S ok ; : ; ; Infrasound Wave Tsunami
200t—Earthguake——b v~ L L L N
Infrasound WaVve (at Hosokura) (/.
! }c'plused by seismic wave) i ,, ?”& :
g 11 / Thfrasound e H |
% 997.5 | ! Way’e ] [ﬁl [KUW@
N\Sui 997 | E:txtr;r\neli,ylow frequency sound waves ] ¢ qé?
A, v .t (caused by tsunami) 4’ f
Sea |eVE| E(at HirOtai) Source : JMA Database
! g /é\Tsunami
ST R OV Sy M
ZInfrasound Wave is )
observed 15 minutes before Infrasound Wave travels

the tsunami faster than tsunamis.

CUpyIIyliL & Ciiuy uic rower Co., Inc. All rights reserved.



Tsunami Prediction Flow (Current Method) v' Feciic Powe

Tsunami
N\ Observation

Earthquake Data
& Tsunami

Inversion

Analysis
(Tsunami ver.)

< Tsunami >
Source
v
Forward
Analysis

Tsunami
Waveform

21

Inversion

Analysis
(Tsunami ver.)

Tsunami Source

The location of the
tsunami origin and the sea
surface displacement

Analyze the initial tsunami source from
tsunami observation data at multiple
observation points
Input : Tsunami Observation Data
Output : Tsunami Source

Forward
Analysis

Numerically analyze the travel of tsunamis
Input : Tsunami Source

Output : Tsunami Waveforms at HAMAOKA
front and various observation points

Copyright © Chubu Electric Power Co., Inc. All rights reserved.



Tsunami Prediction Flow (New Method) s

[Current Method] [Developed Method]
Tsunami Tsunami Infrasound wave
G Observation W\ Observation Observation
Earthquake Data Earthquake Data Data
& Tsunami & Tsunami

Inversion Analysis
(Tsunami&Infrasound Wave ver.)

Inversion

Analysis
(Tsunami ver.)

Tsunaml > We successfully evaluated Tsunaml
Source data between different Source

geophysical quantities
Forward (Tsunami & Infrasound Wave). Forward
Analysis Analysis
Tsunam Tsunam
Waveform Waveform
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'CHUBU

Verification (Accuracy & Lead Time) ! SR .

Using a past earthquake as a model case, the observed data at each observation
location is numerically generated. Therefore, We performed tsunami predictions using
the current and developed methods and verified the prediction accuracy and lead time.

[Verification Flow]

Tsunami Source
(Past Earthquake)
¥ !

Forward Analysis
(Tsunami)

Forward Analysis
(Infrasound Wave)

Tsunam| Inﬁzsoundwave
( (Calculated) ) [ (calo.llated)

Inversmn &
Forward Analysis

Tsunami Wavefom Tsunami Waveform
(“Correct™) (“Predicted™)

23

[Locatlon of Equment & Fault]

: Fault location

Copyright © Chubu Electric Power Co., Inc. All rights reserved.



Verification results (Comparison of Accuracy) ¢' Gt Power

. 300s 600s Lead
Waveform in HAMAOKA  gpservation observation Time

8 = Correct Waveform
- = — 300s Observation x
= 'IE ~ 4 m — 600s Observation O
(C ©
ROl € o N e 66%
. wll 4| The maximum wat‘er_leveI/MY difference 190/
> g _g|is different from 300s. Al from the 0
§ O 0 600 1200 1800 2400 3000 correct difference

Time(s) waveform
o I Maximum water levels are
~. roughly equivalent in 300s.
4__4/\i\\ O @
0 AR NN . /fp\

NN | 10% 6%

600 1200 1800 2400 3000 difference difference
Time(s)

-8

—
&
N’
O
>
4
— -4
Q
]
=

o

o
Q
Q

O
0
>
5

Q

Infrasound Wave)

Copyright © Chubu Electric Power Co., Inc. All rights reserved.



'CHUBU

Verification results (Comparison of Lead Time) w! e o
- 300s 600s Lead
Waveform in HAMAOKA  gpservation observation Time
8 . — Correct Waveform
= = ' — 300s Observation
= E E 4 : — 600s Observation x O 2005
© [
5 (DL A i (800-
IR - -4 The maximum water level /MY difference (0
> §-8 IS dlfferent from 3003 \ from the 19 /0 600)
s U 0 600] 1200 1800 2400 3000  correct difference _____________
=  Time(s) waveform ' The correct waveform is the :
8 !J:LMammum W?‘ter Ievgls are I maX|mum water level at 800s !
> E _ | 2. roughly equivalent in 300s. 0 lbemmmemmmmmmmm—mm—————— l
> E 4 [
) — I
o J\i\\ O @
%0 ”‘P\\ 500s
- -4 —
$4: .| 500 W 10% 6% (800
18 =The developed method allows for lead times 2.5 times longer 300)
S0 TIme(s) than current methods. e
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Summary ,' e Power

¢ We operate tsunami observation and prediction system named
“HTOPS”, which stands for “The Hamaoka Tsunami Observation
and Prediction System”.

€ We have developed a method to predict tsunamis earlier by
utilizing Infrasound Wave, which travels faster than tsunamis.

€ The developed method has the potential to predict tsunamis
earlier and with greater accuracy than current methods.

In the future, we plan to improve the fault model to increase the
prediction accuracy of the developed method and introduce it
into HTOPS around 2027.

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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