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Objective of the Seminar

Hurricane Katrina impacted the southern part of the United States on August 29,
2005, and became the most destructive natural disaster in American history.
Comprehensive surveys and reviews of the Hurricane Katrina disaster were made in
the United States. The Interagency Performance Evaluation Task Force (IPET) will
publish a final report with the review of The ASCE External Review Panel. The lessons
learned from the disaster should be shared throughout the world.

Japan is a country where integrated economic activities are concentrated in the
coastal areas. The coastal areas have been attacked by typhoons and suffer from many
storm surge disasters. The Second Workshop on Coastal Disaster Prevention was held
in January, 2006, where comprehensive reports on coastal disasters, including the field
surveys on the Indian Ocean Tsunami, were presented. The field surveys on extensive
damage caused by Hurricane Katrina at the end of last August were also reported in the
workshop. However, the detailed analyses of the disaster were not discussed in the
workshop because the surveys had just started.

In this seminar, as a follow-up seminar of the workshop, the results of the survey by
IPET will be explained. Dr. Billy L. Edge, Chairman of Coastal, Ocean, Ports and Rivers
Committee (COPRI) of ASCE and Professor at Texas A&M University, Dr. Robert A.
Dalrymple, Professor at Johns Hopkins University, Dr. Jeffrey A. Melby, Head of
Coastal Structures Group of the U.S. Army Engineer Research and Development Center,
and Dr. Peter G. Nicholson, Associate Professor at University of Hawaii at Manoa, are
kind enough to visit Japan and discuss the matter at the seminar. Dr. T. Takayama,
Professor at Kyoto University, and Dr. Masahiko Isobe, Professor at the University of
Tokyo will present Japanese experiences of storm surge disasters in the seminar to
encourage discussions between U.S. and Japanese sides. Simultaneous interpretation
between English and Japanese will be provided.

Organizers
Port and Airport Research Institute (PARI)
Coastal Development Institute of Technology (CDIT)
Japan Society of Civil Engineers JSCE

Co-sponsor:
Ministry of Land, Infrastructure and Transport, Japan MLIT
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Seminar Program

1. Opening ceremony 13:00 13:15
Session Chair: Mr. Yoichi Sakai, CDIT
Opening address Mr. Makoto Owada, President of PARI
Welcome Speech  Professor. Masanori Hamada, President of JISCE
Welcome Speech  Mr. Narikuni Nakao, Technical Counselor, MLIT

2. Presentations from Japan 13:15 14:05
Session Chair: Mr. Hiroyasu Kawai, PARI
Disasters in Japan due to Storm Surges and Waves
Professor Tomotsuka Takayama, Kyoto University
Future Storm Surge Control Measures in Areas below Sea Level
Professor Masahiko Isobe, University of Tokyo

3. Presentations from U.S. 14:15 16:15
Session Chair: Dr. Yoshimitsu Tajima, University of Tokyo
Summary of Hurricane Katrina
Professor Billy L. Edge, Texas A&M University
New Orleans after Hurricane Katrina: A First Look
Professor Robert A. Dalrymple, Johns Hopkins University
Failure of the New Orleans Levees — Geotechnical Issues
Professor Peter G. Nicholson, University of Hawaii
South Louisiana Comprehensive Coastal Protection and Restoration
Dr. Jeffrey A. Melby, U.S. Army Corps of Engineers

4. Panel discussion 16:25 17:25
Future prevention of storm surge disasters “Preparedness for the worst case.”
Coordinator: Dr. Shigeo Takahashi, PARI

5. Closing Ceremony 17:25 17:30
Closing Address  Mr. Susumu Murata, President of CDIT
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Disasters in Japan Due to Storm surges and Waves

Tomotsuka TAKAYAMA, DPRI, Kyoto University, Kyoto, Japan, takayama@kaigan.dpri.kyoto-u.ac.jp

1. INTRODUCTION

Japan has suffered from disasters caused by storm
surges and waves because she is surrounded by seas
and located on the tracks of typhoons. The
characteristics of storm surges in Japan are described in
the paper. The past countermeasure projects against
the storm surges are reviewed as an example of storm
surge projects in Osaka. Future countermeasures are
discussed through the recent storm surge disasters.

2. Past Storm surge disasters

The past major typhoons which caused big disasters in
Japan are listed up on Table 1. The table shows that the
big disasters took place in the three major bays of Tokyo,
Ise and Osaka, and in the seas of Ariake and Suou. It
also shows that the occurrence of these typhoons is
divided into two periods before 1961 and after 1999.

This concludes that the typhoons in the period between
1961 and 1999 have relatively small magnitude and
create calm sea. The most miserable disaster was
caused in the coastal area of Ise Bay by Typhoon No.15.
The typhoon has been called Ise-Wan Typhoon since the
disaster. After the disaster a permanent
countermeasure project was established for each major
bay. In the project storm surge barriers in each major
bay were designed under the assumption that a big
typhoon with the magnitude same as that of Ise-Wan
Typhoon passed through on the track of the typhoon
which caused the past highest storm surge in a bay of
interest.

Table 1 Past typhoons which much affected Japan

IName of typhoon Places IAnomaly (cm)|Death Inundated houses
[Taishou 6th  (1917) [Tokyo Bay 230 1,127 302,917
Muroto (1934) |Osaka Bay 310 2,703 1401,157
ISou-Nada (1942) [Sou-Nada 160 1891 132,204
Makurazaki  (1945) [Kagoshima Bay >200 2,076 217,326
ane (1950) |Osaka Bay 240 398 301,919
Ise-Wan (1959) [Ise Bay 345 14,697 363,611
2nd Muroto  (1961) [Osaka Bay 241 194 384,120
[Typhoon 10  (1970)[Tosa Bay 235 12 140,293
[Suo-Nada &
[Typhoon 18 (1999) G220 CH e a 211 30 18,001
ITyphoon 16 (2004) (Slj’li‘(’) 'E'Taa’:{‘;:]e;su) 160 16 l44,935
[Typhoon 18 (2004) f&}%;ﬂﬁ;‘;sea 180 22

3. History of Countermeasure Projects for
Mitigation of Storm Surge Disasters in Osaka
The coastal area of Osaka bay was much damaged in
1934 by the attack of the storm surge and waves
generated by Muroto Typhoon. Though a project for
countermeasure was started after the disaster, the project
was not executed smoothly because of the plunge of
Japan into the world war and the ground subsidence due
to pumping-up of underground water.
In the waste state by the war Jane typhoon attacked
Osaka and generated a large storm surge though the
storm surge was smaller than that by Muroto Typhoon.
Figure 1 shows the inundation area which reached to
30% of Osaka. A recovery project from the damage was
established and seawalls were constructed along the sea
front. However, the crowns of the seawalls went down

by 0.4 to 0.8m from their original levels because of the
ground subsidence. The reduced potential of the seawall
protection enlarged the inundation damage in the
following storm surge induced by Second Muroto
Typhoon in 1961. However, fortunately the loss of
human lives could be avoided because the fear of storm
surge forced people in Osaka to refuge to safety places.
Information of the storm surge reminded the people of the
miserable storm surge disaster in Nagoya by Ise-Wan
Typhoon of just two years before.
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Fig.1 Inundation area due to Jane Typhoon in 1950

After the second Muroto Typhoon, more compulsory
enforcement of the law which prohibited pumping-up of
the underground water could stop the subsidence of the
ground. The permanent countermeasure project against
storm surge for Osaka was established in 1967, and has
almost been completed. However, it is disclosed that the
barriers constructed in early stage of the project have
become old for work and have not been designed with
sufficient quake-resistance.

4. Future Measure against Storm Surges

Storm surge disasters were much reduced in the three
major bays by the execution of the permanent
countermeasure project. However, storm surge disasters
have recently occurred in different bays from them.
Though these bays also have some storm surge barriers,
the disasters were caused by the collapsing of the
barriers. If the barriers had stood with the storm surge,
the disaster would have been reduced. The water
overflow rate is more than ten times increased by
collapse of the barriers. Therefore storm surge barriers
should not be easily broken even in the condition over the
design.

5. Concluding Remarks

The permanent countermeasure project against storm
surge was executed for three major bays. Consequently
storm surge disasters were much reduced in the bays,
but the storm surge barriers in the bays have become old
for work. Furthermore, recent storm surge disasters have
occurred in different bays from the major ones and have
been enlarged due to the destruction of the barriers.
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Future Storm Surge Control Measures in Areas below Sea Level

Masahiko Isobe

Department of Socio-Cultural Environmental Studies
University of Tokyo (isobe@k.u-tokyo.ac.jp)

Panel on Storm Surge Control Measures was
organized by the Japanese Ministry of Land,
Infrastructure and Transport after the attack of
Hurricane Katrina The panel issued a
recommendation in January, 2006. In the
presentation, it is introduced as shown in the
contents below.  This indicates the lessons
learned from the Katrina disaster and future
direction of storm surge mitigation systems in

Japan.

Introduction
I. Basic aspects of storm surge control
measures in areas below sea level

1. Need of damage minimization against

large-scale inundation
2. Future storm surge control measures in
areas below sea level
I1. Specific measures to be taken
1. Measures to fully prevent inundation
through the existing storm surge defense
plans
2. Damage minimization measures against
large-scale inundation
3. Accumulation and dissemination of storm
surge defense knowledge
4. Additional challenge to be undertaken to
ensure the security against storm surge
disasters
Closing remark
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Introduction

Japan, sumounded by s¢a. has long been suffering storm surge
disasters induced by large typhoons. Areas along the Pacific coast. three
large bays. Tokyo, Ise and Osaka Bays. in particular. were severely hit by
large ryphoons such as Typhoon Muroto (1934). Typhoon Kimy (1945
Typhoon Ise-wan (1959) and Typhoon Dami-murets (1961) and suffered
heavy stonn surge disasters. Typlicon lse-win usurred mprecedented
dnmage thronghout the Nolbi Plans leaving more thon 000 people killed
O HiSSIng.

Half a ceonuy have passed since the comstraction of levess in
waterfront aréas in the wake of Typhoon [He-wan. In e ndantiune, many
people have mot been persemally aware of the threat of siorm surges
becanse no serlous stonn surge disasters bave ocourmed that claimed hanan
casualnes.

Huwmicane Fatrima imdiced large-scale stomm surge disasters in
Wew Orleans, the United States last August. More than 1200 people were
killed or laft missing Seventy parcent of the ciry of New Orleans is below
s2a level. The incadent brovght home that storm surges himing places below
sea level could canse catastrophic damage.

Areas below sea level that enclose the above three major bayvs of
Japan® occnpy a combined space of approximately S0 Km2 and are
inhabited by nearly four million people. These areas witnessed the
concentration of ptﬂ'j:lll: and assefs in and after the advanced econonuc
growth period and now play a central rode in the country’s social and
economic operations. They are. however. highly sulnerable to flood
disasters. Omce the areas are mmdared i water on a large scale due 1o
stomm. surges, the nerve center of the country will be paralyzed causing an
everwliehumg secial and econonue unpact.

Measures to comtrol stonn swges in areas below sea level are
expected fo focus on the construction of levees and other simcmres
according to existing stonu surge defense plans to ensure the prevention of
mundation, i view of the present level of stomn sirge protection or the
prospect for funme natural disasters, Measmes (o minimize the damage by
large-seale inundation are essential as a safery net against sk in
contmgency cases. Based on the above understanding., the study panel
discussed fumure stonn surge control measures in areas below sea level in

f

Japan and has provided recommendations as described in this report.
It is hoped that the recommendations will trigger various efforts
for the future.

*Areas below sea level in the three major bay areas in Japan: Areas below
the mean synodic high tide level
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L Basic aspects of storm surge control measures in areas
below sea level

1. Need of damage minkmization against large-seale innndation

Caregory § nuncanes had already caused heavy damage to New
Orleans and sumonnding areas in the Gulf of Mexico region. but levess had
been designed only against category 3 storms. As a result. Humicane
Katrina with a magmtede far exceeding the design level meowmed
mprecedented domage.

In Japan, whenever storm surges cansed damage greater than the
design level, facilities were upgraded to enbance safery. In the arcas below
522 lavel in the three major bay regions, measures have been taken to
control storm surges mainly by constmcting facilities such as coastal o1
riverside levees according to stonm surge defense plans against incidents of
the clazz of Tvphoon [se-wan.

In the meantinge, tdes have nsen to record high levels thronghout
Japan. Formumately. however. the land below z2a level in the three major bay
regions has not experienced amy disasters claiming substantial human
casialhies for nearly half a century, The areas have emoyved social and
ecoponue development on a lorge seale based on e assumption of a high
level of safiery.

Tudging from the above background. the scale of planing for and
the progress of stonm surge conmol effors for the areas below sea level age
considered 1o be generally adequare

Some of the stonn surge defense faciliies construeted in the wake
of Typhoon [se=wan have long been i service and deteriorated or offer
msifficient resistimee to lage eartbaquakes such as the Tokan Tonanka and
Wankai Earthouakes.

Stom surges are o pamral disaster OF concern are stonm surges
exceeding the design level or bevond the capacity of facilities under
constmction, sinmltaneous occwmanes of stonm surges and fleoding, and
combinations of mnltiple disasters such as storm surges right after a great
carthquake. In the tonger temn. safety of coastal areas against flooding or
stomm surges due 1o rsing sea level induced by global wanming is Likely to
be deteriomted. and ryphoons may gnin greater strength.

Even whiare certain levels of facilities have been in place. the

possibility  of unexpected evemts occumring cannot be  elindnated
completely.

Examples inchude Jeves breaches as a result of ships being washed
away and crashing the jevee or lock duning stonm surges amnd water spill
through openings due o storm surges When neither floodgates nor locks
can ba closed

Imundanon owing o storm surges overtopping leveess, umnlike
floodimg resalting from mverbank  overflow, canses foodwaters o
continuonsly flow into areas beliind the levee wnril the water level behind
the lever becomes identical with the sea level Tmmdation of the areas
below sea level by stonn surges is likely to canse sernous damage because
the areas may remain inundated in deep water for a long time and because
evacuaiion may become exiremely difficult

Large-scale flooding of the areas below sea level around the three
mmor bayvs of Japan due 1o stonm surges will paralyze the merve center of
the country and have an overwhelming impact on its society md economy
Mew Orleans was imndared inwater for more than o month and 2 balf and
some Tegions have vet to be provided with electric power and mumerous
residents  have not yel retimed home, Tlus  mdicates the great
socioecononue impact of the lanze-scale imdation, Stomn susge contral in
the areas below sea level should be regarded as a “national defense”
measure becase the existence of the country s at stake. The disaster
defense poses a great challenge for adminiswative awthorities,

Basic direction of storm surge control in the areas below sen level
has been defined based on the above discussions. (1) Limited funds should
bre vved manly for steadily constructing stonm swrge defense facilities and
seeuring ther relminkity i order to ensure immedation prevention according
o stonm surge defense plans. (§1) Measures should be tken o minimize the
damage by Inrge-scale inundation as a safety net against risk in contingency
cases. In taking these actions. it s unportant 1o adequately reflect vanous
lessons leamed through the analysis of the Huomicans Kamrina disaster in
damage minimization,

Feducing damage 10 & munimum ragquires nod only defense efforts
of coastal or niver adminisraors and port facilines managers bur also
self-protection initiativas of local commmmities. All the stakeholders should
take a comprebensive approach that incorporates city planming. ways of
lvmg and mdvaduals” disaster defenve actions. The measures agamst
large-scale flooding should focus on the protection of human lives and the

4
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continuation or early restoration of social activities.
2. Future storm surge control measures in areas below sea level

In future storm surge control. top priority will be given to ensuring
inundation prevention according ro existing storm surge defense plans.
Appropriate involvement of national and prefectural governments is
therefore required because they are responsible for coastal and river
administration.

Damage will be minimized by diverse stakeholders. Organizations
concerned including municipalities. coastal and river administrators and
facilities managers should therefore jointly develop specific defense
measures and risk management plans, disclose them in local disaster
defense plans and reflect them in various local plans while considering how
to keep stakeholders motivated. When defining actions for evacuation and
information dissemination in particular. sufficient consideration should be
given to people requiring guidance during a disaster such as the elderly.

Close coordination among administrative organizations and
comprehensive implementation of disaster defense plans are necessary
because measwres are correlated to one another. Coordination among
municipal governments in particular is essential.

In order to minimize damage. national and local governments and
research institutions should collectively assume the type of damage by
large-scale inundation and implement disaster defense measures while
making a time-based verification of specific measures in tenms of cost.
feasibility and speed of project implementation for each region below sea
level.

I1. Specific measures to be taken

1. Measures to fully prevent inundation through the existing storm
surge defense plans

The following measwes should be taken to ensure inundation
prevention through the existing storm swge defense plans.

(1) Steadily constructing storm surge defense facilities and securing
their reliability

(1) Steadily constructing storm surge defense facilities

Coastal protection and river management facilities such as levees.
revetments, floodgates and locks should be constructed more steadily than
before. Priority should be given to securing designated functions of
deteriorated facilities or facilities with insufficient seismic resistance.
Construction of high standard levees (super levees) should be promoted in
storm surge-prone sections of rivers designated to be provided with such
levees. in the course of city planning.

(i1) Securing the reliability of disaster defense facilities
(a) Ensuring the inspection of storm surge defense facilities

Coastal and river administrators should make sure that inspections
are made for the height. seismic resistance and degree of deterioration of
facilities and the operability of floodgates and locks to secure the reliability
of levees and other flood defense facilities.
(b) Planning and plan-based implementation of emergency measures

Based on the above-mentioned inspection results. emergency

measures should be planned and implemented according to the plan for
facilities that urgently require such measures.
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(i11) Enhancing normal management system

(a) Enhancing inspection by coastal and river administrators and
developing databases using inspection data

To ensure that disaster defense facilities operate smoothly. normal
inspection by coastal and river administrators should be enhanced and
databases confaining inspection data should be used for plan-based
maintenance.

(b) Reinforcing storm surge information collection and dissemination
systems

Systems for coastal and river administrators to collect data on tide
levels and water levels should be enhanced to encourage dissemination of
accurate information to organizations involved in storm surge defense
under normal conditions.

(¢) Enhancing the efforts of flood fighting managers

Key flood fighting points should be specified in flood fighting
plans for all of the coastal protection facilities. Organizations concerned
constituting a flood fighting forum should check facilities in preparation for
smooth flood fighting actions in the event of storm surges including the
operation of floodgates and locks. The coasts as potential storm surge areas
should be designated in accordance with the Flood Fight Law.

2. Damage minimization measures against large-scale inundation

Measures should be prepared to minimize damage in the case of
large-scale inundation as a safety net against risks in contingency cases.
Lessons learned from the Hurricane Katrina disaster should be reflected in
disaster defense measures wherever they are applicable to Japan.

(1) Minimizing inundated areas

(1) Controlling water inflow to prevent inundation from expanding

(a) Constructing secondary levees and using highway and railway
embankments. river levees and series of buildings

In order to prevent inundated areas from expanding and to drain
floodwaters quickly. separating inundated areas into several sections using
structures is considered effective. Examinations should be made of the
construction of secondary levees. use of highway and railway
embankments and river levees and waterproofing of openings between a
series of reinforced concrete buildings using cutoff plates. Installing cutoff
plates as part of flood defense activities needs to be considered.

(b) Taking measures for underground space

Measures should be prepared to prevent floodwaters from entering
underground space such as subways and underground shopping malls and
from spreading to other areas along subways or other paths.

(ii) Ensuring quick removal of floodwaters
(a) Ensuring drainage in the event of large-scale inundation

Quick drainage of floodwaters is essential to fast shift from
temporary to full-scale evacuation and to early rehabilitation of local
communities. Pumping stations along coasts, rivers or sewerage systems
should be flood-proofed to keep them operational even where they are
inundated in water on a large scale. Facilities driven by electric power
should be equipped with in-house power generators to secure drainage
during power failure.

(b) Developing optimal drainage plans

In order to ensure quick drainage. the capacity of drainage
facilities should be assessed and optimal drainage plan should be developed.
In the process. the plan should be made of improving the discharge
capacity of existing floodgates and installing new floodgates in areas where
drainage capacity is insufficient.
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(iii) Ensuring quick restoration of storm surge defense facilities

Channels for transporting materials should be secured for quick
restoration at locations of levee breaches. For levees used for material
transport. crown width should be enlarged and continuously secured. In
emergency situation those levees should connect to elevated highways and
ports. Information should be promptly provided to the organizations
concerned on port facilities available for material fransport. Material
sorting facilities should also be made available.

(2) Shifting to a way of living free from inundation damage
(1) Disseminating lively information on the hazard in individual areas

Preparation of hazard maps should be encouraged to communicate
to residents in a plain form assumed modes of inundation and defense
measures. Easy to understand information on local hazard should be
provided to residents by disclosing water level information including the
elevation of a given point. past floodwater depths and present tide level
displayed on electric message boards. in wban areas. Then. residents
should be encouraged to make preparations on their own.

(ii) Providing guidance to residents in reducing damage in conjunction with
city planning

Hazard maps should be reflected in the development of policies for
improving, developing or maintaining city planning areas. Residents should
be advised to take hazard reduction measures by regulating land use
through such means as the designation of potential hazard areas and the
protection of urbanization control areas. Measures should also be prepared
for underground structures. Damage reduction efforts should be made in
conjunction with city planning.

(iii) Recommending structural design of buildings in preparation for
inundation and for facilitating evacuation

Construction of buildings highly resistant to large-scale inundation
should be encouraged by regulating land use through the designation of

9

potential hazard areas or by granting subsidies. For example. a part of
building should be raised off the ground on pilotis. or an entrance should be
equipped with cutoff walls. Building should also be structured to enable
occupants to easily escape from it. e.g. to the roof.

(iv) Providing guidance ro businesses in installing office equipment at
appropriate positions

Guidance should be offered so that key office equipment including
computers and power sources may be positioned properly to evade
inundation damage. Appropriate use of buildings should be encouraged. for
instance. people requiring support during a disaster should be dissuaded
from occupying the bottom floor of a building.

Those handling toxic substances should be requested not to
discharge them at the time of inundation.

(v) Advising residents to keep cutoff plates and sandbags on hand

Residents should be encouraged to keep cutoff plates and sandbags
on hand by providing support including subsidies.

(3) Ensuring quick and safe evacuation and relief
(1) Ensuring shelters are operational at the time of inundation

Shelters should be set up for use during large-scale inundation
disasters as well as earthquakes although existing shelters have been
prepared against earthquakes. In the case where no shelters are available in
the vicinity. elevated sections of highways such as service areas and
parking areas should be used or buildings in the neighborhood should be
designated as temporary shelters while paying attention to security
concerns. Permanent shelters should also be made available that can
accommodate evacuees once means of transport have been secured. Goods
should be regularly stockpiled in temporary shelters considering the
expected number of occupants and duration of stay. Efforts should be made
to secure temporary shelters in designated areas or in their neighborhood to
facilitate the evacuation of elderly people who will need support during a
disaster.

10
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(i1) Ensuring evacuation routes are passable at the time of inundation

Existing facilities. if they are to serve as emergency evacuation
routes, need the height above floodwater level. Evacuation and relief
channels should be secured that will be operational during inundation by
widening levee crown and guarantecing the continuity of levees. ensuring
emergency access to expressways and constucting pedestrian decks
connected to railway stations for use as evacuation routes. Equipping local
communities with evacuation and relief boats is also important.

(iii1) Disseminating information for proper evacuation guidance

The following measures should be taken to disseminate accurate
information in an easy to understand format on expected mode of
inundation and actions to be taken in specific regions with the view to
ensuring public warning and evacuation operations.

(a) Reinforcing the dissemination of storm surge information

More accurate storm surge warmning and more detailed information
should be provided to the heads of municipal govermments to help them
issue evacuation reconunendations. Easy to understand storm surge
information should be made readily accessible via the Internet or cellular
phones. More potential flood hazard coasts should be designated based on
the Flood Fight Law to facilitate smooth flood fighting and evacuation.

(b) Preparing easy to understand storm surge hazard maps
Storm surge hazard maps should be prepared by coordinated
efforts of municipalities that will help residents understand large-scale
inundation hazard and actions to be taken. Hazard maps should also be
developed for combinations of flooding and storm surges.
(iv) Disseminating storm surge information by all the means available
Storm swrge information should be provided via every media

accessible by residents including television. radio. the Internet. cellular
phones. and car navigation systems usable under the Vehicle Information
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and Communication System (VICS). Television is a key medium for people
with limited information access including the elderly. so accurate
information should be provided via the medium. Systems should be
established to daily disseminate information to people requiring support in
the event of a disaster by talking to them by coordinated efforts of the
municipality and local community.,

(v) Improving storm surge defense skills of the staff of municipal
governments

The staff of local municipalities should be trained on storm surge
defense to equip them with skills useful in the even of a large-scale
inundation disaster and to have them share disaster fundamentals.

(vi) Developing risk management action plans
(a) Developing risk management action plans

In order to help organizations involved in storm surge defense. a
local council that will be established by the organizations concerned such
as national and municipal governments. and facilities managers for
highways. railways and infrastructure systems including water supply and
sewerage and power supply utilities should develop risk management
action plans for large-scale inundation disasters. Risk management action
plans should be specified in local disaster prevention plans and reflected in
local planning. In the process. specific evacuation methods for each region
should be examined.

(b) Holding disaster drills against storm surges

Disaster drills should be held in preparation for large-scale
inundation by storm surges based on the risk management action plans.
Then. efforts should be made to enable people requiring help during a
disaster to be evacuated smoothly by talking to them. Drills should also be
conducted to prepare for combinations of an earthquake and storm surges.
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(4) Keeping facilities operational for rapid relief, restoration and
rehabilitation

(1) Keeping lifeline systems operational at the time of inundation
(a) Keeping lifeline systems operational

Discontinuation of operation of lifeline systems due to inundation
such as water supply and sewerage. power and gas supply. information
conmununications and waste disposal facilities should be detrimental to rapid
restoration and rehabilitation over a wide area. Operability of these
facilities during a large-scale inundation disaster should be checked.
Facilities should be water proofed if required according to plans for
maintaining systems operability.

(b) Securing routes for relief and material transport for restoration

Securing routes for relief and material transport for restoration is
essential to rapid relief. restoration and rehabilitation. Levee crown should
be widened and the continuity of levees guaranteed. Emergency access to
elevated highways and ports should be provided. Pedestrian decks
connected to railway stations should be made available or constructed
whenever required. Information should be promptly provided to the
organizations concerned on port facilities available for transporting relief or
reconstruction materials, Material sorting facilities should also be made
available.

(ii) Preventing vessels moored to port from being washed away

Vessels and containers thar are washed away by storm surges are
likely to hit levees or revetments causing damage. Remedial measures
should be developed such as quickly ensuring the safety of domestic or
foreign vessels by moving vessels and containers to waters free from
danger of crash. designating areas where no vessels or automobiles should
be left unattended. removing vessels or automobiles that have been left and
preventing cargoes stored in the open from being washed away.
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(iii) Preventing the spill of toxic materials in waterfront areas

Removing toxic materials that are spilt from petrochemical
facilities in waterfront areas and overflow levees is expected to require
much time and hamper restoration and rehabilitation work. Businesses
possessing or storing toxic materials should be guided to develop adequate
plans to prevent the spill of toxic materials.

3. Accumulation and dissemination of storm surge defense knowledge

Memories of storm surges are likely to fade with time regardless of
how serious they were. Knowledge about storm surge defense should
therefore be accumulated and disseminated for use against future events.

(1) Accumulating and disseminating storm surge defense knowledge

(a) Preparing materials and developing hwmnan resources for accumulating
and disseminating storm surge defense knowledge

In order to minimize damage. individual residents should take
preparedness to inundation disasters personally. Easy to understand
materials should be prepared to communicate the experience of elderly
people in local communities to future generations and to accumulate and
disseminate storm surge defense knowledge. It should be noted that past
experience may lead to inadequate response under present conditions
depending on the scale of the event. Human resources should also be
developed that can plainly communicate the experience and knowledge to
the public.

(b) Securing bases for disaster defense activities
Disaster defense bases should be established in local meeting
places or other places for residents and administrative authorities to share

storm surge defense information and for local residents to take defense
actions through voluntary defense organizations.
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4. Additional challenge to be undertaken to ensure the security against
storm surge disasters

The following efforts should be examined to increase safety
against storm surge disasters.

-Investigations and studies concerning the evaluation of structural
strength of storm surge protection facilities against external forces
-Investigations and studies concerning the evaluation of probability of
storm surge as a design external force

-Investigations and studies concerning the refinement of storm surge
protection facilities inspection methods for their efficient maintenance.
repair technology and deterioration control measures

-Investigations and studies concerning the development of methods for
quickly restoring levees breached by stonm surges

-Investigations and studies concerning protection measures against sea
level rise due to global warming and land use in coastal areas
-Investigations and studies concerning disaster protection systems
(including tax and insurance systems) in coastal areas
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Closing remark

This dociunent contains the first reconunendations Condeming
siomm surge defense in areas balow sea level in the thres major bay areas in
Japan.

All the people involved in storm surge defense should be firmly
aware that large-scale mundation of the areas below sea level would
paralyre ihe perve center of the country. The national and prefechmal
governmunts should take the mitiative i developing and implementing as
soon ns possible specific action plans m accordmmee  with  these
réconnrendations. Enowiedgs that will be obtained from futher analysis
of the Humicans Kamwina disaster should alse be adequately incorporated
into fufure neeasures.

The narional and prefeenral govermenrs should also rake the
imitiative in properly responding to specific problems 1o be encounterad in
fivre storm surge defense operarions

The Ministry of Land Infrassmctore and Transport. playing a
central role in storm surpe defence, should provide the public with
information on the actions that orgmuzations concemed bave taken or will
take m an easy to understand fommat. For example, of an mereasing numbser
of people nnderstand that sen level rise due to global warming is a serions
phenomenon that has a close bearing upon the lives and assets of people
living in coastal areas, the public will take stonm swrge defenss i the arsas
below sea level personally.

Storm surge defenseé in the areas below sea level as o "panonal
defensa” measure §5 related o the life and production activitias of the
public regardless of whether they live m coastal areas or not.

It 15 hoped that the recommendations will be vsed also as a basis
for mkine adequite measunes in other areas below sea level according 1o
the mode of land ise or the concentration of population and assets although
the reconunendations have been made with the areas below sea level m the
tlaree major bay areas in mind,
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Members of the panel on storm surge control measures
in areas below sea level

Chairperson
Masahiko Isobe. Director. Graduate School of Frontier Sciences. University
of Tokyo (coastal engineering)

Kohichiro Iwata, Professor. Chubu University (coastal structures)

Yoshiaki Kawata, Director, Disaster Prevention Research Institute, Kyoto
University

Takayuki Kishii. Professor. Nihon University (urban planning)
Keiko Sakurai. Professor. Gakushuin University (administrative laws)

Tomotsuka Takayama. Professor. Disaster Prevention Research Institute.
Kyoto University

Masami Tada. Edogawa Ward Mayor (local adiministration)
Atsushi Tanaka. Professor. Toyo University

Tetsuro Tsujimoto. Professor. Graduate School of Engineering. Nagoya
University (river engineering)

Kazuyuki Higuchi. Deputy Director-General of Bureau of Port and Harbor.
Tokyo Metropolitan Government (local administration)

Shoji Fukuoka. Professor. Research and Development Initiative. Chuo
University (river engineering)

Yohichiro Fujivoshi. NHK news commmentator and Professor. Otsuma
Women's University (1nass comimunications)

Koji Yamamoto. Chairman. Halex Corporation (meteorology)
Note: Courtesy ritles have been omirtted.
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Summary of Hurricane Katrina

Billy L. Edge, Ph.D., P.E,. Texas A&M University, USA, b-edge@tamu.edu

Hurricane Katrina was one of the most
intense hurricanes to ever travel through the
Gulf of Mexico and strike the US coastline
surpassing hurricane Camille with the
largest storm surge ever recorded along the
Gulf coast. The City of New Orleans was
besieged from all sides with the storm surge
and waves. The storm produced wave and
storm surge conditions for the New Orleans
vicinity that were never before seen or ever
expected in the designs for protection. The
City is protected by a hurricane protection
system (HPS) that is composed of many
parts that do not all fit together well nor are
they managed as a system.

Observed peak water levels along the south
shore of Lake Pontchartrain were 10.8 to
11.8 ft, just under the height of the levee
system in this location. Peak significant
wave heights in this area reached 9.4 ft,
exceeding design values by a foot or more.
Along the east-facing hurricane protection
levees in south Plaquemines Parish, peak
water levels reached 20 ft, exceeding design
levels by as much as 5.5 ft and design
significant waves were exceeded by as much
as 4.0 ft. During the storm, the HPS failed
in many locations around the City and a very
large part of New Orleans was flooded with
depths up to 8 ft lasting for several weeks.
Nearby the coasts of Mississippi and
Alabama also received significant storm
surge and waves and suffered near total
destruction along the coastline. The storm
surge at the coastline has been estimated to
be in excess of 24 ft with depth limited
waves. After nine months, this area and
New Orleans still require significant
recovery efforts. Moreover, the whole area
impacted by the storm will be rebuilding for
many years with a resulting character and
population that will be much different than
that before hurricane Katrina.

This storm has been described as the worst
disaster in the history of the United States
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and a significant engineering failure.
Approximately 1,577 died as a direct or
indirect result from the storm in New
Orleans and 170 from Mississippi.
Flooding by hurricane Katrina is estimated
to have caused over $25 billion in direct
damages to property and infrastructure
within the five parishes of greater New
Orleans. This includes over $20 billion in
property damages, of which over one-half
represents damages to residential structures
and the remainder is infrastructure.

Because of the intensity and consequences
of the storm, three studies were
commissioned by the US Government.
The first was conducted by the Interagency
Performance Evaluation Team (IPET) which
produced a thorough study dealing with the
storm, performance of the HPS,
consequences and risks. IPET is using the
combined skills of over 155 experts from
government, academia and industry. The
second was conducted by the External
Review Panel (ERP) of the American
Society of Civil Engineers; the ERP is
charged with evaluating and validating the
methods and analyses of the IPET. The
third study is being conducted by the
National Academy of Sciences and the
National Academy of Engineering and it was
created at the request of the Department of
the Army to ensure an open and unbiased
review of the study. This presentation will
present a detailed analysis of the
development of the hurricane and
identification of the wave and surge events.
It will give a comparison of the observations
with the storm and with the design
parameters used for the HPS surrounding the
City. A brief discussion will also be given
of the major findings from the IPET study
and the ERP review. And in summary, a
highlight of the current status of the City of
New Orleans and the impacted Gulf Coast
will be given.
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New Orleans after Hurricane Katrina: A First Look

Robert A. Dalrymple, Johns Hopkins University, USA. (rad@jhu.edu)

INTRODUCTION

After the failure of the hurricane
protection system and the flooding of
the City of New Orleans during
Hurricane Katrina, a joint site visit
team comprised of engineers and
scientists were the first to examine the
failed levees and floodwalls. This joint
team, comprised of both civilian and
U.S. Army Corps of Engineers
members, visited a number of sites in
the New Orleans area to gather data
on possible failure mechanisms.

THE TRIP

Beginning on October 2, 2005, two
team of engineers from the American
Society of Civil Engineers' Institutes,
COPRI and GEO Institute, joined a
team from the University of California,
Berkeley, and one from the Corps of
Engineers, primarily from the
Engineering Research and
Development Center, to examine the
failed levees and floodwalls in and
around the City of New Orleans.

At the time, the failure of the
hurricane protection system for the
city was believed to be overtopping, as
the system was designed for
approximately a Category 3
(Saffir-Simpson Scale) hurricane, and
it was believed, at the time, that the
Hurricane Katrina storm surge
exceeded the design water levels.

The hurricane protection system in
New Orleans is comprised of levees,
surrounding the city to protect it from
Lake Pontchartrain to the north, Lake
Borgne to the east, and the Mississippi
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River, which passes through the city,
and floodwalls along the drainage
canals that deliver water pumped from
the city to Lake Pontchartrain. These
canals are open to the lake.

At the outset of our inspection,
which began with the 17th Street
Canal, it was clear that the floodwalls
had not overtopped at the canal and
another mechanism was responsible.
This was also true at the London
Avenue Canal. Yet, at other locations
in the eastern of the city, overtopping
clearly occurred, such as along the
Industrial Canal, which connects the
Mississippi River to Lake
Pontchartrain and the Mississippi
River Gulf Outlet, a canal that goes
directly from New Orleans to the Gulf
of Mexico.

This presentation will show many of
the floodwall and levee failures and
discuss preliminary findings as to the
failure mechanisms. It also will show
that levees, at the proper elevation,
and constructed well, did withstand
the severe storm.

REFERENCE

R.B. Seed, P.G. Nicholson, R.A.
Dalrymple, J.A. Battjes, R.G. Bea, G.P.
Boutwell, J.D. Bray, B.D. Collins, L.F.
Harder, J.R. Headland, M.S. Inamine,
R.E. Kayen, R.A. Kuhr, J. M. Pestana,
F. Silva-Tulla, R. Storesund, S. Tanaka
J. Wartman, T.F. Wol_, R.L. Wooten
and T.F. Zimmie, Preliminary Report
on the Performance of the New
Orleans Levee Systems in Hurricane
Katrina on August 29, 2005,
UCB/CITRIS-05/01, Nov 17, 2005.
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Mississippi River Gulf Outlet
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FAILURE OF THE NEW ORLEANS LEVEES — GEOTECHNICAL ISSUES

Peter G. Nicholson, Ph.D., P.E., University of Hawaii at Manoa, peter193@aol.com

INTRODUCTION

Hurricane Katrina was a major storm for the Gulf of
Mexico and the Gulf Coast states of the U.S. However,
it was not unprecedented nor was it the maximum
storm which could strike the area. In fact, in a
number of locations where failures occurred, design
levels were in excess of the maximum storm surge
created by Katrina.

It was expected and predicted that the high winds and
anticipated storm surge would cause some damage
and flooding as the storm made landfall and pushed
inland. What was not fully appreciated was the
consequences of a widespread failure of the
Southeast Louisiana flood control system including
New Orleans and surrounding areas.

INITIAL FIELD ASSESSMENT

The American Society of Civil Engineers (ASCE)
organized an independent team of experts to travel to
New Orleans to conduct early reconnaissance of the
affected area and establish ties with the U.S. Army
Corps of Engineers’ (USACE) investigative team. The
team from ASCE’'s Geo-Institute was joined by
members of the Coasts, Oceans, Ports and Rivers
Institute (COPRI) and a National Science
Foundation-sponsored team, predominantly from the
University of California at Berkeley. The initial
objective of all of the teams was to collect data and
make observations to be used to assess the
performance of the flood control levees in an attempt
to determine why certain sections of the levee system
failed while others did not.

What was found in the field was very different than
what was expected given what was reported in the
media. Rather than a few breaches through the city’s
floodwalls caused by overtopping, the teams found
literally dozens of breaches throughout the many miles
of levee system. From a geotechnical perspective, it
was very interesting that many of the levee problems
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involved significant soil-related issues. A number of
different failure mechanisms were observed, including
overtopping scour erosion, seepage and piping, and
soil foundation failures.

The preliminary findings of the field assessment were
presented to the US Senate Committee on Homeland
Security and Governmental Affairs in November 2005
with a simultaneous release of a joint report by the
ASCE and NSF teams.

TECHNICAL INVESTIGATIONS

Over the past several months a number of
investigations have been undertaken to assess the
technical details of the levee failures and to establish
the current condition of the entire hurricane/flood
control system. The largest of these investigations, the
Interagency Performance Evaluation Taskforce (IPET)
was organized by the U.S. Army Corps of Engineers
(USACE), and combined the efforts of a wide range of
experts from government, industry and academia.
Additional independent investigations were conducted
by the NSF/UC Berkeley team and Team Louisiana,
sponsored by the State of Louisiana and spearheaded
by members from Louisiana State University's
Hurricane Center.

While each of these investigations had various goals
and objectives, all have concluded that a number of
the failures and subsequent resulting damage should
have been preventable given the state of engineering
knowledge. A number of systemic flaws have been
identified and many lessons have been learned from
this disaster, which will assist in improving the
practices of critical hurricane protection for New
Orleans and other developed regions around the
world.

Technical reviews of these investigations are now
being undertaken to validate the findings and then
present to the general public.
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South Louisiana Comprehensive Coastal Protection and
Restoration

Jeffrey A. Melby, PhD

Hurricanes Katrina and Rita devastated
Southern Louisiana during the Fall of 2005.
The high level of destruction was partially due
to long term sediment supply constraints and
related coastal erosion. Local constituencies
demanded that the Federal, State, and local
Governments take action in order to provide
coastal protection for their communities.
Immediately following Hurricane Rita, The
United States Congress formally directed the
U.S. Army Corps of Engineers, in partnership
with the State of Louisiana, to develop a full
range of flood control, coastal restoration, and
hurricane protection measures for South
Louisiana. This study, called the South
Louisiana Comprehensive Coastal Protection
and Restoration, or LACPR, included
conceptual design of a levee system that
would span the Louisiana coastline from the
Louisiana-Texas border to Slidell. The levee
system was in direct response to the
congressional directive for a “comprehensive
category 5 hurricane protection system”. The
study was conducted and a preliminary report
was drafted that is presently under review.

The study included developing a suite of
Category-5 hurricanes. As part of this effort,
a team of internationally renowned hurricane
experts were assembled to define the criteria
for developing the design storm suite. For
preliminary design, a storm similar to
Hurricane Camille in size, minimum central
pressure, maximum wind speed, and forward
speed was identified as being reasonable and
representative of the “category 5 directive.
The hurricane tracks were varied to follow
tracks of historical hurricanes. Hurricane
winds, wind-wave development, storm surge,
and wave transformation numerical models
were employed to determine surge and wave
conditions along the 5 levee alignments. The
maximum surge and coupled wave conditions
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and wave setup were applied along the coast
using some engineering judgment in order to
develop design conditions for the levee
protection system.

Five levee alignments were selected from
many alternatives. The differences between
the alignments included planform location of
the levee to provide varying strategies of
protection. The minimal alignments left some
communities without protection. Two of the
levee alignments included large cutouts to
provide open exposure for tidal wetlands.

A workshop was held in Vicksburg to define
potential structural and foundation alternatives.
Primary problems addressed included deep
soft foundation materials and high-cost
shallow-sloping levee cross sections. A
number of very innovative structure cross
section and foundation alternatives were
proposed. Most of the alternatives will
require significant engineering analysis that
could not be completed for the preliminary
design. Therefore, the preliminary analysis
only included conventional trapezoidal
earthen levees with varying armoring
alternatives and simple foundation treatment,
such as deep-soil mixing. The final design of
the levee system will be summarized in this
presentation.
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Panel Discussion

Coordinator and Panelist

Coordinator: Dr. Shigeo Takahashi, PARI

Panelist Mr. Naota Ikeda, MLIT
Professor T. Takayama, Kyoto U.
Professor M. Isobe, U. Tokyo
Professor Billy L. Edge, Texas A&M University
Professor Robert A. Dalrymple, Johns Hopkins University
Professor Peter G. Nicholson, University of Hawaii
Dr. Jeffrey A. Melby, U.S. Army Corps of Engineers

@ Theme of the Panel Discussion
Future prevention of storm surge disasters  “Preparedness for the worst case.”

Hurricane Katrina became the most destructive natural disaster in American history.
Comprehensive surveys and reviews of the Hurricane Katrina disaster were made in
the United States. One of the major lessons learned form the disaster is that we have to
prepare for the worst case and that the scenarios for the worst case are essentially
important to mitigate such devastating disaster.

The coastal areas in Japan have been attacked by typhoons and suffer from many
storm surge disasters. The design system of the coastal defenses in Japan was
developed and used after the Isewan Typhoon disaster in 1959, which is relatively
simple based on the possible worst case as the design storm surge and the design storm
wave. However a worse case than the worst case may happen. Especially, the current
design level in Japan is not sufficient for the worst case.

In the panel discussion we like to discuss the coastal disaster prevention in the
future focusing on “preparedness for the worst case.” The worst case defined here is a
worse case than the current design level by one rank, for example, with the return
period of more than one thousand years. The worst case causes devastating results as
the Hurricane Katrina Disaster including the failures of the coastal defenses. Although
it may be almost impossible to prevent the disaster with structural countermeasures
against such the worst case, we can mitigate it with non structural countermeasures
considering the possible scenario of the worst case disaster.

The following subjects will be discussed to consider the preparedness for worst case.
What is the worst case?

Is the Katrina disaster the worst case?

How to prepare for the worst case?

Present situation in the U.S.

Present situation in Japan.

What is the problem for actual use of the worst case scenario?
What should be studied further?

N o g~ DN
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Proceedings of the seminar ( )
The seminar proceedings will be released on the websites after the seminar.

( )
@Steering Committee of the seminar ( )
Prot and Airport Research Institute ( )
http:// www.pari.go.jp/, tel: 046-844-5049

Dr. Shigeo TAKAHASHI ( )
Mr. Hiroyasu KAWAI ( )
Ms. Yumiko ENOKI ( )

Coastal Development Institute of Technology ( )

http:// www.cdit.or.jp/, tel: 03-3234-5862
Dr. Kiyoharu IWATAKI
Dr. Tatsuyuki SHISHIDO
Mr. Yo-ichi SAKAI
Ms. Michiyo SAITO
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