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2. 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 sur-
veys 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 ex-
plained. 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 Devel-
opment 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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3. Seminar Program

Time and Date : 13:00—17:30 June &, 2006
Place : The Sasakawa Hall, 3-12-12, Mita, Minato-ku, Tokyo, Japan 108-0073

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 JSCE
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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6. Abstracts and Presentations (B 5 - EXR/RETE)

(1 ) 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 160 891 132,204
i (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
I2nd Muroto  (1961) (Osaka Bay 241 194 384,120
ITyphoon 10  (1970)|Tosa Bay 235 12 140,293
[Suo-Nada &
ITyphoon 18  (1999) Yatsushiro Sea 211 30 18,001
[Seto Inland Sea
Typhoon 16 (2004) |70 o ematsu)  [160 16 144,935
Typhoon 18 (2004) [Set0 Inland Sea 180 22 —

(Hiroshima)

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.

PR Y T YT g n g e
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P

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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Coastal Disasters in Japan Due
to Storm Surges and Waves

Tomotsuka TAKAYAMA
Disaster Prevention Research Institute
Kyoto University

Past Typhoons which much affected Japan

Name of typhoon Places ?cnr:)m aly Death l:‘:::a:ed

Taishou 8th (1917) | Tokyo Bay 230 1,127 302,917
Muroto (1934) | Osaka Bay 310 2,703 401,157
Sou—Nada  (1942) | Sou-Nada 160 891 132,204
Makurazaki (1945) | Kagoshima Bay >200 2,076 217,326
Jane (1950) | Osaka Bay 240 398 301,919
Ise-Wan (1959) | Ise Bay 345 4,697 363,611
2nd Muroto (1961) | Osaka Bay 241 194 384,120
Typhoon 10 (1970) | Tosa Bay 235 12 40,293
Typhoon 18 (1999) 3:;2;?;2“ 211 30 18,001
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Inundation area along Ise Bay
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2. Storm surge by Jane Typhoon in 1950
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1. No loss of human lives by direct affection of storm
surge because people took refuge sufficiently before
the storm surge

2. Ground subsidence reduces the effect of storm surge
barriers. Therefore, it was inevitable to prohibit
pumping-up of underground water by a law.

3. The crown heights should be increased up to T.P.
+4.9m

1. Ise-Wan Typhoon, which was assumed to pass on the track of Muroto
Typhoon, was employed for the design of storm surge barriers and water
gates in Osaka.

2. The crown height of storm surge barrier Hc was estimated by the following
formula : Hc=(0.P. + A)+B+C

where O.P.: Osaka pale, A: Mean high tide in a typhoon season,

B: Anomaly of storm surge(3.0m), C: wave height or rise of water level due to
water gate

3. Seismic intensity: 0.2
4. Countermeasures against tsunami
Sea level at tsunami=0.P.+Mean high tide+ Chilean tsunami+ground
subsidence
=0.P. + 2.1m + about 0.7m +about 0.7m
=0.P. +3.5m

DET.

Z DOBEENE RO KRR ORI T,

ZHUTB ZEFEROEGEN 20T, 2 4EA]
ICPBBRRIC L > TRERRENH -T2 &
EANEDPREZTWNT, BARBEEHTE BT
T, @EEEHEORKETHHEEN— NS HA
Mo ToDTE . ML NI E x93 2 &4tk
WCHEFICRERFEELHE X 5720, HTFKDL
H BT &SRR T 5 eI o T E LT
Bl o K@ baimlo Y = — 2 BEO b O X
DAHLELSTHHBEBLTHNTEY £7.

Z L, WEFn 42 4, 1967 FIITMEAR ekt 5
DYLTHNTREY £3. SRR E =6
Da—AZELEDHZ LT, RS OREH
fEEPHE L. Bt Rimmix, KIS
FLHEWANT I B B o ¥ B IAL O S A N 2
S HICEmZE, WORBEZMA D LW ik
MELNTWET. 2, HEDORGHE
BEZIX 02 # HWTE D £ KIRILT Y H T
BHR L TWDHIs, HEIZHLTHEZD LD
R HFECTRIEPRD B, MR/ LTHNTE

21



A sliding gate at Tenpo-Zan

Sluice gate at Sanjikken Horikawa
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Arch type water gate at Aji River
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New wall planned in front of old one
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Wave overtopping rate  H,;=2.8m T,,;=6.6s

q=0.1(m?¥s/m) before damage and nearly 1.0 (m3/s/m) after damage
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1. Disasters caused by storm surges have occurred in semi-closed bays in
Japan.

2. Big storm surges did not take place between 1960 to 1990. This period was
relatively calm. However recently big typhoons have attacked and generated
storm surge disasters.

3. The disasters have been occurred in the bays or seas different from major
three bays of Tokyo, Ise and Osaka.

4. Big damages are caused by the destruction of the barriers which have the
function of protection from the storm surges.

5. Evaluation technology should be developed soon to know the performance of
old existing barriers.

6. It may be possible to design the storm surge barriers under different
conditions between their crown height and resistant strength in order to construct
the barriers which are hard to be yield.
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(2) 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
1. Basic aspects of storm surge control
measures in areas below sea level

1. Need of damage minimization against

28

large-scale inundation

2. Future storm surge control measures in
areas below sea level

II. 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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Storm Surge Disaster Mitigation
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Future Storm Surge Control Measures in Areas below Sea Level
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4. Additional challenge to be undertaken to ensure
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the security against storm surge disasters
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Construction of storm surge defense facilities
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® Levees, revetments, floodgates and locks
Priority: deteriorated facilities and seismic resistance
High standard levees (super levees)

® Inspection of storm surge defense facilities

Inspection of height, seismic resistance and deterioration of facilities and
the operability of floodgates and locks
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Damage minimization against large—scale inundation (3)
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® Quick and safe evacuation and relief
Shelters, elevated sections of highways and buildings
Evacuation routes, pedestrian decks and boats
Information (storm surge warning, hazard maps)
television, radio, the Internet, cellular phones, and Vehicle Information and
Communication System (VICS)
Improving skills of the staff of local governments

Risk management action plans and disaster drills
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Damage minimization against large—scale inundation (4)
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® Securing facility functions

Water—proof lifeline systems (water supply and sewerage, power and gas
supply, information communications and waste disposal facilities)

Securing routes for relief and material transport
Preventing vessels from being washed away
Preventing toxic materials spill
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Future study
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Evaluation of structural strength of storm surge protection facilities against
external forces

Evaluation of probability of storm surge as a design external force

Refinement of storm surge protection facilities inspection methods for their
efficient maintenance, repair technology and deterioration control measures
Development of methods for quickly restoring levees breached by storm surges
Protection measures against sea level rise due to global warming and land use in
coastal areas
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(3) 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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By Eugene Robinson
Tuesday, May 30, 2006

The evidence, by now, is overwhelming: Beautiful, decadent New Orleans /\/ TL 7": . % al az !j é'f FI%L’ a z Ej( f;ﬁ‘ &ﬁﬁ‘ E]/\j f;ﬁ‘ ﬁ:ﬁ% ﬁ)‘

wasn't doomed by Hurricane Katrina but by decades of human
incompetence and neglect. ...the greatest natural disaster in the

nation's history ... ;?) D 71:: k I/ A 5 : k ZJXi’;ﬁ.’\‘\ E;j’b'(?\? D i L/T, i 77?_.,
The mortal threat to New Orleans, as Katrina plowed into the Gulf Coast, S . .

was not the powerful wi‘:1vds -- Mississippi tlook th;vbrulnt of thos:-- but the 7 )l U 7\7 '):E L%% 0) ﬁ ?ﬁﬁé% 'G & D 7:_. k l/ A 5 :
massive storm surge the hurricane generated. ...

What happened instead was "the single most costly catastrophic k %) $&£ é j/]./( % D 35 L f: .

failure of an engineered system in history,”...

Washington Post
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Friday morning,
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ASCE/COPRI/GEO Site Survey

Courtesy of Dr. Robert Dean

PEEHOPRIENE U T-DIFXZEDETT. 43 L b
WY = o EEOERE TIER o TebiF T
T ZOMEEBYELZ RN LE L, HEO
£, Z2OHZIEFEe A— MR THY £9°.
WHEELVEWITLH Y £32, Bu A — hUHR
MEND T R TG AN B D R &2
STeDTEN, EEEITZ D TERDP 72D TT.

DL OIRBEETLEOEB TIEIZR 5
e b g,

DX D IRREAKNHEE, THEM S EE L.
TEENLEE OEIRICE Y #A TW =D TT A,
ELEKMITRE-TITEE L. 22T, L
LRt ORI, IRKDIEM e & OF — & MY
ACLEIANIBIGMToTINELTHBZ 9 &
WO Z TR, Ko DF—ANFERENE L
To. VR < R - USTS - )11 ZE B2 COPRI SPH
BET#2 GEO DF—ALH TEE L.

DO N2 b b, BEEAED L 9 IZF—HIZSM
W LE L. EROBEEIZE S T D0 EGE
AT

ZOBNENIFZEERN TH T2l nd 2
ClE, BRIFEBRELELLY. ZHUIANITT
A Z 2 RTED, miglkIR oM & BN 72 F1 5
EZITTBET. Thhns, T4 — U ERT
HHIZWE S LR WETHR, @il X 5RKDIE
AL WL EZATHY £

42



Mississippi Gulf Coastline

Mississippi Heritage Trust

D-Day (29 Aug): Post Storm
-Mississippi River,
Closed

-Over 400 Barges
Stranded

-Locks and Bridges
Inoperable

-Extensive Flooding
-Bridges destroyed
-The People
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D+4 (2 Sep): President Bush & LA Governor
Blanco Visit 171 St. Canal
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IPET Study

...“to provide credible and objective scientific
and engineering answers to fundamental
questions about the performance of the
hurricane protection... system in the New
Orleans metropolitan area.”

Chief of Corps of Engineers

WHZ kiZehE L.

National Academy
of Engineering

Other Studies

Interagency Performance
Evaluation Task Force
IPET

ASCE’s
External Review Panel
ERP

IPET Study

The Flood Protection System: What were the design criteria for the
pre-Katrina hurricane protection system, and did the design, as-
built construction, and maintained condition meet these criteria?

The Storm: What were the storm surges and waves used as the basis
of design, and how do these compare to the storm surges and
waves generated by Hurricane Katrina?

Performance: How did the floodwalls, levees, pumping stations, and
drainage canals, individually and acting as an integrated system,
perform in response to Hurricane Katrina, and why?

Consequences: What have been the societal-related consequences
of the Katrina-related damage?

Risk: Following the immediate repairs, what will be the quantifiable
risk to New Orleans and vicinity from future hurricanes and
tropical storms?
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IPET Study

*Geodetic Vertical and Water Level Datum
*The Hurricane Protection System

*The Storm

*Physical Performance of HPS
«Consequences

*Risk and Reliability

https:¥¥ipet.wes.army.mil

6,100 Pages

Vertical
Datum

Geodetic Vertical Datum
and DEM

Subsidence

Relation to old
datums and LMSL

e = |

DERTIRY £EA.

System

The Hurricane Protection System
What forces were the structures
designed and built to withstand?

Design & Intent
g
As-built and
Condition

SPH &
Auth Protection

Surge and Wave
Levels

Details of soils and geology
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Standard Project Hurricane Design
Saffir-Simpson Hurricane Scale

Category Central Pressure (in) Winds (mph) Surge (ft)
1 >28.9 74-95 4-5
2 28.5-28.9 96-110* 6-8
3 27.9-28.5 111-130 9-12*
4 27.2-27.9* 131-155 13-18
5 <27.2 >155 >18
Betsy (1965) 27.8 105 10
Camille (1969) 26.6 200 24.6
Georges (1998) 28.5 105 9
Katrina (2005) 271 155 15 (est.)

* Standard Project Hurricane — “The most severe combination of hurricane

par.

thatis r

extremely rare conditions

istic of the area, excluding
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Storm

Development of Event Timeline
29 AUG Breaching Time Line
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Time, 29 August
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Regional Modeling |

Wind and ADCIRC for
Storm Surge
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Detailed

Waves STWAVE |

Observations
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Topography
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Bathymetry

Detailed
Water Levels

Observations
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H*Wind
Snapshots
Near Landfall

0900 UTC 29 Au
—_—ed

X

1200 UTC 29 Aug 1
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« Maximize model-to-measurement
comparisons

« STWAVE compared to SWAN

+ Examine steady-state
assumption in STWAVE

+ WAM compared to
WAVEWATCH Il

Nested Wave Modeling
Approach
(3 Levels)

« Basin — Regional — Nearshore

» Wave-storm surge interaction
handled at the nearshore level

Max Wave
Height — 55 ft
(55 ft measured
at Buoy 42040)

WAM
Domains

......

Peak Wave Conaditions

47

HLEMELOTC, 2L I RETMEE LTI THY £3. F LT,
FHhoTE=bIFTHH £,

WRIZZDOXE I BREFTAEZHNT, 2B a—
X CHEWELE L.

:0)-’6, DI IJXIJ-H Cli=ov :L‘_‘yfn-l'

BLIH MY —F2kEROETHY 7.



Peak Wave Conaditions
(Compadinon: Hatring smnd Design Valises)

OB THY £

ADCIRC Storm Surge Grid
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The Storm Surge
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1:50 Scale Physical Model
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Performance

Performance
How did the structures perform and why?

17th Street Canal Breach
- D ion of I-Wall by surg
« Full hydrostatic pressure along wall

c D “ '°“ nd « Weak clay at levee toe causes

failure in subsurface clay layer

« Soil block from wall back displaced
Failure and

'c  Movement

cpnﬁrmagion-i,. -Cen"ifuge Displacement of wall and part of levee

Consequences
What were the consequences of Katrina?

Flooding Exposure by Polder

Pump Station Peﬂormance
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Consequences - Losses

Direct losses were wide spread and set a new level of natural disasters.

Approximately 1570 died directly or indirectly due to the storm.
Over $US 25,000,000,000 in damages due to flooding.

Of that $US 10,000,000,000 in damages to individual residential
properties.

Direct impacts in monetary losses can be quantified but the indirect
losses may take many years to understand.

Environmental quality impacts were few.

Risk Bi

What is the risk for the future?

Polder Flooding Frequency
Risk Model

sk Mapping

System Characterization

Summary Performance Evaluation

« A misinterpretation of the local MSL and incompletion of the HPS
resulted in losses in protection levels
* The performance was compromised by
design deficiencies in the levees on canals
lack of scour protection behind floodwalls
Levee sections with erodable materials
Structural elevations below design levels
« Lack of resilience in the system
« Significant loses resulted from lack of coordination of governmental
agencies

« The SPH (Standard Project Hurricane) is not appropriate for risk
management

7277, MEIZEZDHZ &, N r—2 B R
—FIC LS TISTI0LNEL ol Wy Z LT
T ZLC, PWKIZK DEITOWNTIL 250 (B R
N H ZETT. 2D S H 10018 RADMENE
FIZXTHHEETH Y F Lz, Y EFHEEEN
BREH S TWDIDITTHY ET. L,
ZO X ) R EER, oKX 2 EERTTIEHY
FHAMOFREICLH2HEED ZICEHEENLTY
LT THY £

TIE, 4, E9RoTnDEDNnENI Z T
TELTH, THRALTHWEEWEENET, B
F10 HIZPESTIPET & L CHRE 2D TX
FLZ TN EN ST, EOL
IR AL RE oo, DS ST Y
N BNWESl=00. EDOX ) REnirsnT
WZDOMNEWD Z LIZONWT, BT — X 1M %
BIRno Tt Z EIIRAEBRETHY £

Bz, 227V —bDT7 Ty R4 —/LDE
RN THFARFE SN TR 72721, D
HUNMRBINDIL ORI ENDRI o72bIF T
HoET.

T RY—FOHFHE LT, Bi#Es AT Lefk L
L CHEL TS, HAtEbehofc 2 LR KE
RMETHST-EEB I DI THY 9. B,
B, BRSO OR 4 &, B 5 WO IdEk
DESZ LT, TORFQHENRKE 2o TL
FoltbiFTHY £

51



Storm Protection Today
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(4) 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

54

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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~125 miles of levees and
floodwalls largely in response
to Hurricane Betsy in 1965.

The Levee System
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London Avenue
High Water Line

(no overtopping)
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Industrial Canal --Hurricane Rita

AP. photo, 9/24/05

New Orleans East
http://www.mvn.usace.army. mil/pao/response/amaps.asp
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MRGO Canal Overtopping

(north side)

Entergy Levee Overtopping (from their security camera)
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Entergy East Flood Wall

Obliterated MRGO levee

First Week Team Members

ASCE COPRI
Robert A. Dalrymple, JHU
John R.Headland, Mo ffatt-Nichol
Jurjen A. Battjes, T.U. Delft
Shigenobu Tanaka

ASCE GEO-Institute
Peter C. Nicholson
Francisco Silva, Consulting Engineer
Joseph Wartman, Drexel
R. Lee Wooten, GEI Consultant

University ofCalifornia, Berkeley
Robert G. Bea
Raymond B. Seed
Jonathan D. Bray
Rune Storesund

BRI L REENTETCEBDEL
72. Lo»L, EWELr288IL -2 LTEY
F L7

—a—F—VJ U ADMEO oL LTEHIT LN
HDVE, BN AT ANTICELNTZZ ETY.
Wik 7 U — NRIOERS, BRZIE Y — b3 AL,
FRICIIE LT Tho720T50TT. ZOEE
WX 3 BN ETEA->TVET. thTcarsl
— MO T REZREDLZLEBEXT, ¥ — Y
F—EnH 2By ET. st &, BB
OEREINELELROT, KR XKRE DSl
LR, ZZhbPELET.

Z AT MRGO OERGTT . Z OEHII T T
TWEbIT TR, KREOHEHANH ST, To0n
DHIVER SN TESIZR>TLENE L.

BHHEF — L DA NR—=NZ ZIZENTIE
WET

FNTIE, ZZ2TCTE—X— . =o)Ly A
~A 7 EBELT, 4L EFELEARICOND
TOHNTE LT EET.

66



B2

5t
(AR

(1m%%)

()

(1m%%)

]

AT (BN BORRARFZERT) CHLET. TAU DS, =a—F—U X L[H
FEDU ZAZIZELENTWAEHIE, MicZSWETATLE YD HDHINE, ==
— A=V R LI OTL X 9 D

Za—F =V XIFTEEEAD ERWET. 7, bV RT70bBdEZA
EHVET. Y I FAL R AT - RNL—, DFVAHY T4 A=FT TR T IICE
DR ) RIS AT 20350 £ 2O OHKICABEDONTRBY 30T,
GAEICK o TUIEBR ZEDBRET DRENR S £3. £/, NI T—rEWVIx
TIEAF T aBnFE L TT AV BRBETHANY 7 — I X2 @ lgE OfbE H
LEZARBYET. 7272, 2a—A— VU U RFEOHETIE RO B ENER AL
Za—F =V U RXEFEe A= N THLDTT. NI r—r U 2Rz &
WL Ea— AP RHARA R THERLE L. THR Y ZADHT VX F T,
1900 AR KBAE 2N 75— 2 X 5T 6,000 NOHEZEZH L TEY £3. Tl
MermEmd LTEEME O E LR, UV EBRER LRI RE 2IENRH DO T
RODEVIBENHY E L. UL, HlEEEI LTWEBNT T, Eliido
F LD, FCIHEKENRELE. L2AR, =a—F—V X TlHbkEnhsZ &
72K, EANEAMRKL TV STZDTT.

O(FeE BB, HEKE) »EMnTIALNTLE I 2. Bo&ES, Hic
TEENM OB OE SIL, =2 —A4— VU X0 H 5 17 BEE O b O & REED
WS ERNET. LOLARRs, e Rk s, &l 6l &
WHZETT. oF, EEIIEMOGTREMEYEWERIDITFTHYET. Eh
RO, RO S IEEM S MG FE C7Z 572D TL X 9 .

FUZIE 00 8 A, HBAEOTHEHIZZO@EY THY £, ML G2
B TNARETHYEL X ).

67



(5) 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 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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long-term comprehensive protection within 24 months of
enactment of this Act: Provided further, That the Secretary shall
consider providing protection for a storm surge

hurricane within the project area and may submit
reports on component areas of the larger protection program
for authorization as soon as practicable

Coastal and Hydraulics Laboratory - ERDC
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Design Storm Sele¢tion
for Preliminary Design

Saffir-Simpson Scale ~

Category 1 123 - 158 kph winds
Category 2 159 — 183 kph winds
Category 3 184 — 217 kph winds
Category 4 218 — 258 kph winds

258+ kph winds i‘

Category 5

| Central Pressure | 920kPa___|

Coastal and Hydraulics Laboratory - ERDC
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Camille vs Katrina
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_ Camille (1969) Katrina (2005) =~
>
Maximum High Water Mark 7.3-7.6m along 8.5-9.1m along < 77 75 3D T k D i ’@.‘ /\/ .
Mississippi Coast Mississippi Coast
Max Observed Significant 13.4m 16.8m
Wave Height
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Top 10 Storms by Minimum Central Pressure to strike TX, LA, MS, AL or
NW FL — Minimum Central Pressure 94.8 kPa or Less
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Intense hurricanes decay before CORTE, FORET kT 10 ObOEE
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Planetary Boundary Layer Model (Thompson and Cardone 1996) Sl ene -
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Filling Model by Vickery
Holland’s B-parameter describes pressure peakedness
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Storm Surge NG, @OV TTT A, IPET O &
. M LETNEMEST, TTNVORBELZHBENTZL
F L. Fo, HEETD, =y URERRNE
Nk oz, EFITHNRbDOTHY £9. FHHE
TEMIIRPETE, KEPEO—, ) 7, AF
B L IEFICINHHA A MEEL TR T, £,
FA T FORBIZHOWTIE, FHEKT A IR
IR LT Y £3. mALOFFEIZHW D
EPUREIZ OV T, EERFORMNRH L TL L Y. BOE TR EIECEsmSICL
TEBYWET. 2LT, ZOKEHREET VE S5 OORPFHEICK L TEITIEE L.

_ ZITEBRAELTWDIDIX, A PT FEENIC
e e Alignmont 1 B B RRBMREO A CF. =a—d—V >
RFZHo, ReFy— bAoA T2 6T
ROFIEERAENIEFICRE R L A, fkEa
DERFNEND r— 2 ORI H T > TN
DICEBRENZNIFEREL b hhol &
1 ZAHATHY ET. ROESE, NV Tr—rBHEE
Gousaland yarauis Lavoraory-£x0c IBL RSNl SIS NI O G i I TR 22 Py b
DIZEHNBEE Lo 2ATHY T, 61T, BB ILLICHY T OT, EBEHA
THREHAITTIEAR L3 D Bl ie > TV Db ¢

1

:$ﬁmm
¥

INY = X DA IRIROFEIZIT WAM £
WAM Utilized for Predicting Offshore :71\‘/1/ % ,f% v jz L/ 71:: i % L/ T ' {Q#%ﬂg c: o T %i
Waves . STWAVE £ 7 /L EEWE Lz, A &R RO

STWAVE Utilized for Predicting

Waves

Nearshore Waves — Steady-state

frequency domain full-plane model = Tci, WAM %:7?‘/1/%)) l>Q STWAVE %?/Vﬂi{ﬁ(&@
FIEMERS AN D DT THY £7.

90



Summary of Waves and Water Levels for Alignment 1
Save points are roughly evenly spaced from east to west extents
Save Points

ZORMNEDOFRERTHY £9. BPHOTK I L
(2, K& N = LD mEERZE DO TR
DA M FICHEB L TV &, RO D TR T

ROLBHNE L RDDONENH Z Lo T
HER L7zl TH Y 3. ZOHRITIE, B
RS BRRE T2 /O 7 — U PMRE S ILE
L7-.

_®1ﬂ&mﬁﬁﬁ1TT INHEE S
%x~hw$ufﬁéMT%Di#‘_@Emﬁ%im W E THRRRN DAL VDTN,
R F v — A AHOVEDN D FIZ M D> TOHAED 200~214 &\ 5 IR T, 4 5l7> < fE A%
HLTEBYET. 135~121FI> vy O TT. 1~10 DX TIEEm#2s 10 m BRE, S
3.7m CT9.

Surge
(m)
10.1

1-10

1.0
104
91
104

91



Model Alignment 1
Follows GIWW and Encloses all Communities

Model Alignment 2
Same as 1 _E_xgeBt.F_’_asses Open

Model Alignment 3
Same as 1 Except Barataria Wetland is Open

Model Alignment 4
Same as 3 I_E_xt_:egf_S_horter Barataria Region
i.
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Model Alignment 5
Follows GIWW and Leaves Communities Out
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Coastal Restoration Features
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Initial Cross Section
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Alternative Cross Section
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Structure Cross Section Design ARTEREEIZE S THIThbIT Th Y £7.

Wave runup (H.ughes. Coastal Eng. 2004) 2004 EE@: t - ‘—X‘Z)i‘ FY@}%I?J ﬁ:%b \77,:7&0)4:]‘

Wave overtopping (TAW manual based on van der Meer and Janssen,
1995)
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Stone armor layer thickness
Non-overtopping crest elevation
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Hurricane Camille on historical tracks
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Designs with 10-18 m crest heights are too expensive
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7. 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 dis-
aster 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. Al-
though 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.

1. 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?

NS kWD
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PANEL DISCUSSION

Theme of the Panel Discussion:

Coastal disaster prevention in the future;
“Preparedness for the worst case”
FROSHHK; T — AT —ZITHEAS

Coordinator and Panelists

Coordinator:  Dr. Shigeo Takahashi, PARI

Panelists: Mr. Naota Ikeda, MLIT
Professor T. Takayama, Kyoto University
Professor M. Isobe, University of 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
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—Main Topics—

1. Policy issues under “Worst case ”
(in term of my personal opinion)

[ “Worst case "#&EL-&HAIZ
THREEESNSERE]

2. Drills against a similar situation to
“Worst case ”.
[ “Worst case "EEELLD IR RE1E
ELT-FIIfEDEH]

Issue1:To establish the concept of
“Worst case ”.
[FERE1:“Worst Case” D= DFEIL])

—the purpose and effects
El:sksyEY

—the difference from the present concept
of disaster prevention

[(FREDHKOBZENEL]

—the framework of essential measures

[(BELGRHRDEAKRE]

—the method to determine each disaster
prevention measure

(18 5%t KE L THFIE]

Issue2: How to identify the scenario
concept for “Worst case "?
[(RRE2:“Worst Case”’D1=HDEHE

BEZEDIIIHRET 5]
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Issue3:How to determine the necessary
performance of
facilities for countermeasures?
[FRRES: MR DI=O I ELIEERDEEN
ZEDIOITERET 5D

—evacuation routes

—shelter (location, space, height, stores
of foods and water etc)

Issued:How to inform citizens of their
refuges and how to lead them?
R4 ISR A ERICE D KSITH
LHELM, FEDKIIFEST HH]

L]

Issue5:How to keep requested social
and economic functions?
[FRRES (=M. BHENICHELGHEEE
ED LS d 5H)

— Electric power supply

—Tele communications

—Water supply

—Administrative service

—Logistics through shipping service

Logistics through shipping service
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[ the export percentage ]

Port of Nagoya

— Tide wall
* Floodgate
Container yards

[ Main company ]
~Nagoya Area~
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[Summary of Panel Discussion /\RJLEFEED Y <) —]

Hurricane Katrina became the most destructive natural disaster in American history. In
the panel discussion we explored future coastal disaster mitigation focusing on “prepar-
edness for the worst case.” The worst case defined here is a case worse than the current
design level and anticipated consequences considering huge disasters like the one by
Hurricane Katrina.

By making worst-case scenarios we should be able to predict the actual disaster in-
cluding failures of coastal defenses, the necessary evacuation and rescue, and the way
to restore the affected areas and resources. Governments and citizens should work to-
gether to establish resilient disaster prevention measures by embracing the worst-case
scenarios.

The technologies to determine rationally the worst case and to make the scenarios
should be developed further by collaboration of all engineers and researchers in the
world.
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