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1. Overview of Damage and Restoration

-Overview of Damage caused by
the Tohoku Earthquake and Tsunami

-Recovery of Damaged Facilities



Overview of Damage by the Tohoku Earthquake & B1xi#E®

The earthquake of magnitude 9.0 occurred on March 11, 2011 and destroyed
many lives and properties in the north-east region of Japan.

-Dead and missing toll 18,564

Aug-2011

Trace of Tsunami
( as of 10 April 2013) R m‘:

- Fully or partially
destroyed houses 398,679
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Tsunami attack, March 11, 2011

The tsunami at Kamaishi Port

T

Entrance of the bay of Kuji Port -




Damage to Ports and Harbours

- 29 ports (including local ports)
were damaged

- Overall damage to public port facilities :
approx. 413.8 billion yen
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[Hachinohe port]
- Overturning and
submergence of Breakwater
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Damage of Port Facmtles (Kuji Port)

~1 [Kuji Port] S —
- Concrete of upper part of e
breakwater was collapsed ” \‘
- Seawalls of harbor road N
were damaaed '

Tsunami Height :
8.6 m
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Damage of Port Facilities (Mivako Port) =

[Miyako Port])

- Floating wreckage inside
port (drift-wood)

- Overturning and
destruction of breakwater

Tsunami Height :
7.3 m
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Damage of Port Facilities (Kamaishi Port)

[ Kamaishi Port]
- Overturning and Submergence
of Tsunami Breakwater

Tsunami Height
(inside of port):8.1 m

_| North Breakwater

* North Breakwater (990m) ~ . = o _
Mostly collapsed : S S -
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Damage of Port Facilities (Ofunato Port) © BLxER

[Ofunato Port] -
- Tsunami Breakwater | -
Overturned '

Breakwater damaged
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Damage of Port Facilities (Ishinomaki Port)

[Ishinomaki Port] %T i e
- Quay collapsed T AL AT il
- Subsidence of Quay
surface

Tsunami Height :
7.7 m
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IDamage of Port Facilities (Sendai Port)

[ Sendai Port ]
- Containers scattered in container

terminal
- Subsidence of quay surface

Tsunami Height :
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Damage of Port Facilities (Soma Port)

[ Soma Port]

- Breakwater collapsed
and submerged

- Quay wall collapsed
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Damage of Port Facilities (Onahama Port)

[Onahama Port]
- Subsidence and Collapse
of Quay surface
- Container Crane damaged

Tsunami Height :
3.3m
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IDamage of Port Facilities (Ibaraki Port — Hitachinaka District)

[ Ibaraki Port - Hitachinaka

District ]
- Subsidence of harbor road

- Rall of container crane
damaged
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- Harbor road damaged by liquefaction




Damage of Port Facilities (Kashima Port)

[Kahima Port]

- Obstacles in approach
cannel (containers)
- Collapse of quay surface [

Tsunami Height : 5.7 m
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Recovery of Damaged Facilities = BLxes

- Recovery target
Important port facilities (major public berths) : within 2 years
Tsunami Breakwaters (Kamaishi and Ofunato) : within 5 years
- Current situation (as of March 31, 2013)
more than 80 % (312 / 373 berths) are available
100%

Waterway reopening (by June)
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Restoration of Port Facilities (Sendai Port)

-Domestic container line restarted after 3 months (June 2011)
-International container line restarted after 6 months (September 2011)
-North American line restarted on January 2012

N
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Restoration of Port Facilities (Hachinohe Port) © BtRES

- Cargo handling problems had occurred by severe wind and wave in winter with
damaged breakwater.

- By putting blocks into the damaged site as early restoration, the cargo handling
problems has dramatically reduced.

- Restoratlon of breakwaters has almost completed

e il [Mar. 12, 2011]
B \A) 16 \le X A
e \e‘\g “\J (eco S e I et —— : ‘

| Temporary placing of
~wave dissipating blocks

Front line

1 Completely collapsed
— Half collapsed

[Mar. 12, 2011] ¢F




2.

Imminent Threat of Large-Scale Earthquake
and Tsunami

- Imminent Large-Scale Earthquakes and
sunami
- Estimation of Tsunami and Damage




Imminent Threat of Large-Scale Earthquakes Y BtxiEd

- Occurrence probability of Major Earthquakes along the submarine trenches in the
upcoming 30 years

Hypocentral region presented in the Central Disaster Management Council 2003

I '; Hypocentral region shown in "Expected Tsunami Height and Inundation Area (Secondary Report) and Assumed Damage (Primary Report) Caused By Huge
L Earthquakes in the Nankai Trough" prepared by the Cabinet Office in August 2012 -

i Southern
Kanto
" A (M=6.7 - 7.2)
Hyuga Nada 4 Approx. 70%
(M7.1) / ‘ g MEnkai Tonankai Tokai (M8.0)
Approx. 70 -80% A/ 1# T (M 8.4) (M8.1) 88%
| ~=¥1 Approx. 60% Approx. 70% (for reference)

)

| In case of consolidated type of 3 earthquake (M9.0) |
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mminent Threat of Tsunami - Estimated Tsunami Height s

An extremely wide area would be attacked by a huge tsunami.
- Tsunami height
More than 10m : 11 prefectures and 90 cities
More than 20m : 6 prefectures and 23 cities
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mminent Threat of Tsunami - Estimated Tsunami Height EL388

Estimated maximum economic damage : about 220 trillion yen
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3. Countermeasures against
Future Earthquake and Tsunami

1) Strengthening of Disaster Prevention Ability in Port

- Clarification of Disaster Prevention Target and Disaster Mitigation Target
- Strengthening of the information system for evacuation

- Introducing resilient structures

- Improvement of liquefaction evaluation method

- Disaster prevention base and earthquake resistant berths

- Necessity to strengthen cargo handling machineries
against earthquake and tsunami



Clarification of Disaster Prevention and Mitigation Targ‘%

{I:ﬁié%

Basic Concept of Tsunami Countermeasures

- Necessity of preparation for the large-scale tsunami beyond estimation
- Limitation of feasibility to prevent such a large-scale tsunami

only by constructing large structures

- Consideration of 2 levels of tsunami scale

Frequently occurring tsunami
(Level 1 Tsunami)

Largest class of tsunami
(Level 2 Tsunami)

Return period:
Several decades
- one hundred and several decades

v

Return period:
Several hundreds of years
- one thousand years

v

Disaster Prevention Target

Disaster Mitigation Target

Protect human lives

Prevent tsunami from entering urban
area by constructing structures

Allowing inundation into urban area,
reduce damage mainly by
evacuation countermeasures




D, 2 .
Lessons Learned: Usefulness of GPS Wave Observation Buoys = Brkes

‘GPS wave observation buoys observed the huge tsunami about 10 minutes before
Its arrival at the coast.
‘Receiving this observation data, Japan Meteorological Agency raised the level of

tsunami warnings. Earthquake | 6-3m (15:12) i
‘| occurs 14:46 | | Im
5 t 8.5m (15:26) t
GPS : | _Recordinhg lost
(Offshore 0) A == A
, _ \VI V\‘w"v[ \ V4
Tidegauge H
(Miyako Port) | :
! v 6.7m (15:12)
I
GPS = E 4.2m (15:21)
(Offshore KamaisHi) |/ W\ /SN oo
: Iixf‘tﬁ:\‘%@‘d’fﬁ)@*ﬁist
Tidegauge L .
(Kamaish{i Port) | 1

14;20 14:40 ~  15:00 15:20 15:40 16:00 16:20 16:40 17:00



Strengthening of the information system for evacuatigrB1X&s

- To strengthen cooperation with Meteorological Agency, so on
- To multiplex communication system, and diversify information offering system
- To strengthen power-supply facilities

% ( Website )
¢ In-service GPS BUOYS (15) f GPS Satellites [Data processing center
N gg % (PARI) p—
+ Additional GPS Buoys(3) . %
Japan
= Meteorological
Transmission Agency
on line in real-
Base

GPS Buoy  pata communication stafion

o

&/\

# >
° ' Tsunami
.4 ‘5” . Water depth:
57 BN M8.0,787% 10%200?2 Port Office,
K , Tonankai ° MLIT
M8.1,770% /

./ M8.4,760% °
° Expected

hypocentral reqgion
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Lessons learned: Tsunami Disaster Reduction by Breakwaters EL+3&€

- Breakwater at Kamaishi port collapsed by tsunami, but it delayed tsunami
overflowing time, and reduced tsunami height and inundation area.

Tsunami height

Tsunami height

= | (observation) aimealon
= 6.7 m A
=4
: T ‘
]
§ Overflowing time
® L - ( simulation

. Tsunami Height, 28 minutes

_ reduced by 40%
Tsunami
) |
heig ht_ Tsunami height{ trace )
(observation) 8.1m

= ﬁ 6[5.7 m_
= ':::.-:j on
«
3 = ™ 1
§ :> 5 s verflowing
g D Break water time (aCtUaI)

v 34 minutes

Tsunami Run-up height
{ simulation)

20.2m
~Tsunami ruﬁ-up
height reduced
by 50%’

Tsunami Run-up height
{ simulation }

10m

Overflowing time

delayed
5minutes




Introducing Resilient Structure = BIXEs

- Breakwater has effect to weaken tsunami energy.
- Once damaged, it needs a long time to recover.

- Consider to adopt a “resilient structure" so that it will keep its original function
without being broken by an overtopping huge tsunami.

- FlOW With regular geometry

Resilient Structure |

Flow with

special top geometry
k (3) Speciall top geometry

—> controlling overflow

Caisson
|]|]|:> > (2) Covering blocks
<::||]I] <« > prevention of scouring

i C ~ i U

(1) Widening and raising the foundation mound
— prevention of caisson sliding 2) Anti-scouring mat
— prevention of mound scouring



Lessons learned: Liguefaction by Long-duration Earthquake Y BEXEd

- Necessity to review the liquefaction evaluation method considering the earthquake
duration time

- Realizing higher-accurate liquefaction modeling system

Review of liquefaction ‘ Building a liguefaction modeling system \

evaluation method Realizing

7 |
.. Higher-
Long duration time Short duration time _—

accuracy
Modeling of numerical liquefaction analysis

Consistency ’

Real case
(Tohoku 2011)

Shear stress: (KN/m2)

|

\1

o IR § Consistency
)

Shear stress: (kN/m?)
§

- Model experiment

Time (s) Time (s)

Tohoku 2011 Hanshin 1995

~_~

Revised liquefaction evaluation

method_ tak_ing intq account the / J (er:jg%n;e)
seismic duration time

(Revision of Technical Standard, Aug. 2012) Example of liquefaction
(Ibaraki Port)

— . —

Shaking table test equment




_Lessons learned: Effectiveness of earthquake resistant berths

BL3xkes

- 6 earthquake resistant berths were available in the disaster area
- Accepting emergency commodities soon after reopening of waterways

Earthquake resistant berth: Specially reinforced berths against earthquake

First vessels

(Hitachinaka)

Berth A

Name of Port Facilities after disaster Variety of relief supplies
: Hachitaro .
Hachinohe Berth N Feed (Private) -
L Suga |[General Cargo
Kamaishi | 75m) | (Private)
Nakano Emergenc_:y Food (rice, boil-in-the-bag-
Commodities
Takamatsu (Kyushu RDB food)
Sendai-Shiogama| Berth y MLIT) ’ Heating oil
(Sendai)
Nakano | Emergency Emeraency food
Raijin | Commodities gency
Berth No.2 (JCG)
Onahama. Warf No.5 Coal .
\ Berth No.1| (Private)
Ibaraki Chuo |General Cargo

(Private)




Disaster Prevention Base and Earthquake Resistant Berths

Reconsideration of Earthquake
Resistant Berths

- Ferry and RoRo vessels played
important role to transport vehicles
and personnel

- Necessity to utilize disaster
prevention base as a basement of
acceptance of wide-area relief and
restoration and revitalization.

Current situation of
Earthquake Resistant Berths
(for transporting emergency relief goods)

© Developed or " p
under development (85 ports)

Image of Disaster Prevention Base in

ports
: Evacuation park !

R
® Undeveloped (27 ports) : AP
< >Areas under intensified ’\ ;

measurement
Aﬁ Around Japan
) ) 9 3 rench and
Epicenter of major 2 b Chishima
rench

earthquakes after
Hanshin-Awaiji

Earthquake resistant berth

d -
earthquake 1995 . é/ A [
T 4
éj A ’ " 3 7 ‘\ g :D
G DA g ,
M
i




Lessons learned: Necessity to strengthen cargo handling machineries : EA R D)

_against earthquake and tsunami
Damages by Tsunami About 3.0 m depth flooding above quay surface

Traveling motors were damaged by hitting  Cable winding device was damaged by

of drifting objects. hitting of drifting objects.
Traveling section needs maintenance after
0.6m depth flooding.

Main causes observed

- Hitting of drifting objects such as containers

- Inundation of sea-water and sand into mechanical and electric devices

- Drag of vertical boom by drift of vessels under cargo-handling



Necessity to strengthen Cargo Hanaling Machineries 2) @358
_against earthquake and tsunami -

/Point of countermeasure for Cargo Handling Machines \

o

— To prevent Machineries from flooding

- Raising elevation of the entire container yard
- Placing electronic facilities on higher places in the administration building
- Commoditizing and sharing components of crane materials and

—

(

equipments

Anti-earthquake

measures

Installation of seismic
isolation device
(Travelling section)

4




Y B1+RER

3. Countermeasures against
Future Earthquake and Tsunami

2) Securing Maritime Transport Network and Wide-area Mutual
Backup System

- Strengthening core port facilities against earthquake and tsunami
- Countermeasures to secure navigation safety in bay areas

- Establishment of wide-area mutual backup system among ports



D SN2 .
. Strengthening core port facilities against earthquake and tsunarjrﬁfii’“ﬁél

Breakwater
- Resilient structure

Cargo Handling
Machineries
-Anti-earthquake
and tsunami

.-
wh S

Waterway
- Prompt
reopening
system

- secure safety

| - Anti- earthquake
A and liquefaction

Earthquake [

resistant berth g oort Road
. - - ort Roa

\<"Ke ; ~ -Anti- earthquake

and liguefaction



Lessons learned:Necessity of countermeasures

to secure navigation safety in bay areas

Situation of Tokyo Bay (Tohoku Earthquake, 2011)

- 400 vessels

- Tsunami Height: 2.5m (Funabashi), 1.6m (Yokohama)
- Alot of refuge ships stayed within Tokyo Bay

- Crowded with refuge ships until Mar. 15

<Threat >

Heavy congestion by
refuge vessels in

3 major bays and
Seto Inland Sea

iRy . 24h(15:00-15:00)
Zes s > | """ OUT:159vessels

)()UT 161vessels 5 kA Ty PICTEEEEE
,» ) IN:133vessels ’7‘;" 7R On a day ago of
On a week ago of the earthquake
the earthquake March
~ March 4 (Friday) | - 10 (Thursday)
2011 L 2011
14:00 to 24:00 | - i 7| 14:00 to 24:00

/ refu e shlps
go 15:00)

\ T 62vessels

IN: 107vessels

Samted, On the day of the
earthquake
March 11 (Friday)
2011
14:00 to 24:00




Maintain Waterway Function in Tokyo Bay in an Emergency & B135&%

- Securement of refuge routes and harborage for large vessels
- Prompt reopenlng waterways after tsunami attack

T
) Emergency waterways -
Any obstacles can be | =
removed qwckly T

''''''''

Waterway to be developed
' and maintained

& " For usual transport

.| = For emergency

_ harborage

% L1 Emergency
waterway

PTTTTTT Harhour waterwav



_Lessons Learned: Backup Transport of Oil and Gas

Oil refineries
@ damaged
@ not damaged

Oil terminals
@ damaged

: ) © hot damaged
Marine transportation to ﬂ

ports along the western _ ——
/ Hachinohe oil terminal
Aomori @.

coast of Japan
Kamaishi oil terminal
Akita
‘@ @ Shiogama oil terminal

Sendai Refinery,

— 1 X Nippon Oil & Energy

Gas pipeline

LNG base of Gas Bureau,
City of Sendai (damaged)

Onahama oil terminal

Refineries | Kashima Refinery,
JX Nippon Oil & Enérgy

western Japa Chiba Refinery,

Full opere Cosmo QOll
Railway transport




Establishment of Wide-Area Mutual Backup System Y BLzEY

- Conclusion of cooperation agreement on disaster management

- Securement of disaster prevention base

- Securement of supply-chain system in emergency by nromoting mutual cooperation
with private companies.

Establishment of wide-area mutual
backup system among ports




3. Countermeasures against
Future Earthquake and Tsunami

3) Countermeasures for saving human lives and BCP

- Effective management of floodgate
- Improving the evacuation system

- Establishment of Business Continuity Plan (BCP) of Port



Lessons Learned: Management of Floodgate Y BLRBEY

Many people operating floodgates were killed or missed by tsunami.

Current situation
Over 20% of all 10,085 floodgates
cannot be shut before arrival of
tsunami.

Rate of floodgates which can be
shut by the arrival of tsunami

nable to shut in tim
1,328 (13 %) Able to shut in time

7,523 (75 %)

Unknown
1,234 (12%)

X Mar. 2012 (MLIT, MAFF)
Over the size of 2m(Width) X 1m(Height)

- (Except for lwate, Miyagi and Fukushima
Tokyo port prefecture)




Effective Management of Floodgates BLXEE

Proposal by “Committee for effective management of floodgates™ (MLIT and MAFF)

- Necessity to make it a top priority to secure the safety of floodgate operators

Revising “Guideline for management of floodgates in the case of tsunami and
high tide” , Apr.2013.

- Evacuation rule to make securing the safety of operators a top priority
“Operator has to escape in an emergency”

- Establishment of management system to make sure safety of operators
Elimination and consolidation of floodgates
Introduction of automation or remote control system

- Information system for prompt evacuation of residents and operators

- Human resource development of operators

- Flexible management system keeping clarification of responsibility

- Technological development and its reflection to the technical standards
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Promotion of Evacuation Countermeasures in Port Area = B1xkes

-
L

Variety of people
-Workers, officers
- port visitors

.| Particularity of port area

Severe land condition

- Soft ground
- liquefaction
- high groundwater level

e ~.
e .

Variety of functions
-logistic facilities
-wharves

/4;‘_

| Earthquake

“““ ‘ \:i Shimizu Port L

resistant berth

L

7
|
i

| Hazardous materials |
~ -power plant, LNG, chemical plants |

-

- Evacuation guideline in port area (To be published in summer 2013)

- Design guideline of refuge facilities (WG started, Feb. 2013)




Establishment of Business Continuity Plan (BCP) of Port € BXXi#&

Image of Business Continuity Plan (BCP) of port

Action Plan

-Organization plan for emergency restoration
-Securing evacuation route

-Securing acceptability for emergency cargoes
-Harmonization with BCP of private sectors

1 Facility Plan

\ L
|
N\ 3 QQ T

| Earthquake Resistant Road

——

=Y -

{ Earthquake
Resistant Berth A\

SN

Transportation of Emergency
Vehicles by Ferry

Regional backup system
among ports

for Port Access <:|
i‘ ) P

&’

Po
@,
0'03



Summary -1

-

he Tohoku Earthquake 2011 —Damage and restoration
- Large scale of earthquake and tsunami

Tremendous damage —human lives and properties

Enormous damage to ports and harbours

Under restoration - almost 80 % of public berths recovered —

Brought many problems to be considered

Imminent threat of Large-scale Earthquake and Tsunami
- Large Scale Earthquake and Tsunami predicted with high probability

- Necessary to prepare for the threat

\_ /




Summary - 2

-

Countermeasures against Future Earthquake and Tsunami

Strengthening of Disaster Prevention Ability in Port

\_

- Strengthening cargo handling machines against earthquake and tsunami

- Clarification of disaster prevention target and disaster mitigation target

Introduction of 2 level of Tsunami

- Evacuation information system utilizing GPS wave observation buoys
- Resilient structure for breakwaters
- Improvement of liquefaction evaluation method

- Necessity of disaster prevention base with earthquake resistant berths




Summary - 3

4 2\

Securing Maritime Transport Network and Wide-area Mutual

Backup System
- Strengthening core port facilities against earthquake and tsunami

- Securement of navigation safety in bay areas in an emergency
Amendment of Ports and Harbours Law

- Establishment of wide-area mutual backup system among ports

Countermeasures for saving human lives and BCP
-Effective management of floodgate — a top priority to lives of operators

- Improvement of the evacuation system
Evacuation Guideline, Technical standard for evacuation facilities

Establishment of Port's BCP /




<Additional Information> Discussion at APEC Y BLRES

37" APEC Transportation Working Group Meeting

To Carry Out the Role and the Practical Use of Port in

Natural Disaster (Project completed by Japan)
-Compilation of best-practices among APEC countries
focusing on ports in natural disaster

GPS Buoy (Japan)
Green Port Initiative

- Green port projects were presented by Canada, US, China, Japan and APSN
(Asia Port Service Network).

- Examples presented by Japan contribute to work as emergency power supply
system for port facilities in disaster, as well as to reduce environmental burden.



END

Thank you very much
for
your encouragement and support



