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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 dl 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 dl 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 Plaguemines 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 Mississppi and
Alabama aso received significant storm
surge and waves and suffered near tota
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 hillion 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 isinfrastructure.

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 deding 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 Pand (ERP) of the American
Society of Civil Engineers, the ERP is
charged with evduating and validating the
methods and andyses 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 adso 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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Op-Ed Columnist

The Catastrophe Wasn't Katrina

By Eugene Robinson

Tuesday, May 30, 2006

The evidence, by now, is overwhelming: Beautiful, decadent New Orleans
wasn't doomed by Hurricane Katrina but by decades of human
incompetence and neglect. ...the greatest natural disaster in the
nation's history ...

The mortal threat to New Orleans, as Katrina plowed into the Gulf Coast,
was not the powerful winds -- Mississippi took the brunt of those -- but the
massive storm surge the hurricane generated. ...

What happened instead was “the single most costly catastrophic
failure of an engineered system in history,”...

Washington Post
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ance Scale ( Statute Hiles )

D-3 (26 Aug)-—Tracking
Katrina’§ Progress,

Friday morning,
New Orleans is
barely in the likely
path. Agencies /
prepare for a

Florida Panhandle Hurricane Katrina
and Mobile strike.

NWS TPC/National Hurricane Center
Advisory 11
Current Cenler Localion 253 N 81.5 W
Max Sustalned Wind 75 mph
Current Movement W at 5 mph
@ Current Center Location
@ Forecast Center Positions
H Sustained wind > 73 mph
S Sustained wind 38-73 mph
D Sustained wind <39 mph
(>~ Potential Day 1-3 Track Area
2T Potential Day 4-5 Track Area
mmm Tropical Storm Warning
Tropical Storm Watch

] Hurricane Katrina
145 August 27, 2005 e
11 AMEDT Saturday
]| Current Location 24.5 N 85.0 W
Max Sustained Wind 115mph
ol Current Movement 7mph

I3 Hurricane Watch
== Trop.Storm Warning
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Farly Saturday, the storm
path has settled on
New Orleans. At 0500
EDT it is projected to
grow to a Cat. 4 and hit
as a Cat. 3.

By 1100 EDT it is
projected to make
landfall as a Cat. 4.
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2PM EDT Sunday

Current Location 26.5 N 88.6 W
Max Sustained Wind 175mph
Current Movement 3mph
Hurricane Warning
1 Hurricane Watch
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Courtesy of Dr. Robert Dean
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-Mississippi River,
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-Over 400 Barges
Stranded
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Inoper

«Extensive Flooding
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-The People
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D+4 (2 Sep): President Bush & LA Governor

President Bush
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IPET Study

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

Chief of Corps of Engineers

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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ASCE
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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.m{l

6,100 Pages

Vertical
Geodetic Vertical Datum 2alu

and DEM

Updated Reference Datum

Subsidence

Relation to old
datums and LMSL

System

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

Design & Intent
soorscreo s
As-built and
Condition
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- Details of soils and geology
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Standard Project Hurricane Design
Saffir-Simpson Hurricane Scale 3
Category Central Pressure (in) Winds (mph) Surge (ft)
1 >28.9 74-95 4-5
2 28.5-28.9 96-110* 6-8 1950 1960
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) 278 105 10
Camille (1969) 26.6 200 246
Georges (1998) 285 105 9
Katrina (2005) 271 155 15 (est.)
* Standard Project Hurricane — “The most severe combination of hurricane 85
parameters that is reasonably characteristic of the area, excluding
extremely rare conditions

Storm
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H*Wind
Snapshots
Near Landfall

> i

1 0900 UTC 29 Aug“ 1200 UTC 29 Aug *
Prr— e =

Nested Wave Modeling

STWAVE Approach
Domains (3 Levels)

« Basin — Regional — Nearshore

* Wave-storm surge interaction
handled at the nearshore level

WAMLS2 OWIS5 Basin (Res 01%) TEST CASE: SHER-CAP.
"MAXIMUN, OTAL H,, RESULTS: Katrina

P Wave
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comparisons (65 ft measured
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Peak Wave Conditions
(Comparison: Katrina and Design Values)
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Peak Wave Conditions
(Comparison: Katrina and Design Values)

Lake
Borgne

D:66ft/6.2 sec
C:501ft116.3 sec

>

ADCIRC Storm Surge Grid
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1:50 Scale Physical Model

Performance

Performance
How did the structures perform and why?

17t Street Canal Breach

« Deflection of I-Wall by surgevaves
H « Full hydrostatic pressure along wall
¢ Deflection and - Weak clay at levee toe causes

y Pressure failure in subsurface clay layer

« Soil block from wall back displaced

Failure and
Movement
|

ey
Confirmation in Centrifuge

Displacement of wall and part of levee

Consequences
What were the consequences of Katrina?
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Consequences - Losses

Directlosses were wide spread and seta new level of natural disasters. 1!570
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 100
properties.
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Directimpacts in monetary losses can be quantified but the indirect
losses may take many years to understand.

Environmental quality impacts were few.

Risk ]
What is the risk for the future?
Polder Flooding Frequency

10 IPET
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N

100E+08 100E+09
Water Volume Sb-Folder 1

B sl St |
System Characterization Risk Mapping

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
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Storm Protection Today
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