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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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Geotechnical Aspects & Investigation of the
New Orleans Hurricane Protection System:
Hurricane Katrina
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SE Louisiana Hurricane Protection System

» Designed & Constructed Engineered Infrastructure

 Protection of Life & Property
New Orleans & Surrounding Area

e Failed miserably in its first major “test”

What Happened?
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New Orleans and Plaquemines Levees
Jgin 24z New Orleans o
= Sl

Figure 1.4: Map showing principal features of the mai flood protection rings or “polders” i the New Orleans area.
[Modified after USACE. 2005]

Extent of Flooding

Types of Geotechnical Failure Analyses

® Erosion Analyses
e [imit Equilibrium
e Stability (circular & non-circular surfaces)
e Seepage, piping, uplift (hydraulic pressures.& gradients)

® Physical Modeling (centrifuge testing)
® Soil-Structure Modeling with Finite Elements
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Levee Scour and.Erosion Breach Analysis
Levee Erosion Breach Mechanism

« Overtopping by surge and waves

« High silt/sand content & poor
compaction were detrimental

= Water flowing over the levee causes
scour and erosion of levee

—

Erosion

Peak Water Level Conditions

(Compariso }(atrina and Design Values)

All water levels relative
to NAVD 88 (2004.66)
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Overtopped Embankment - MRGO South Bank

(Sand Cere - hydraulic fill)
MRGO

Overtopping Erosion - New Orleans East
(hydraulic fill)

/

70



Overtopped Embankment - MRGO South Bank
(Sand.€ore W/ sheetpile)

Findings andLessons Learned
L'evee Scour and Frosion:

* Failure Mechanisms:
o/ Overtopping from surge and waves
& Hydraulically filled levees (uncompacted) performed poorly
o Levees with high content of silts and sands perfomed poorly

® Lessons Learned:
o Need to assess the erodibility of the emplace levee materials
e Avoid silts and sands and hydraulic fills for levee construction
o Increase the compaction effort for levee materials
e Provide overtopping protection




Industrial Canal (IHNC)

Fagure 1.4; Map showing pricipal features of the mam flood protection nags or “polders” m the New Oleans area.
[Modified after USACE, 2005]

I-wall Scour and-Erosion Breach Analysis

I-wall Scour and Erosion

Breach Mechanism
Overtopping

* Overtopping by surge and waves

« Water flowing over the wall
causes scour and

destabilizes the floodwall

Erosion

Inner Harbor Navigation Channel
Back Sceur at Lower 9th Ward

J

GIWW / MRGO, North Bank (New Orleans East):
Overtoepping Back Scour
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GIWW / MRGO, North Bank (New Orleans East):
Overtopped Floedwall (Massive Backscour)

Inner Harbor Navigation Channel
Lower 9th Ward

Findings and Lessons Learned

I-Wall Scour and Erosion:

° Failure Mechanisms:
e Overtopping from surge and waves

® Scour/erosion of the protective side'levee
embankment adjacent to the wall

® Lessons Learned:

e Provide an erosion-resistant surface on the levee
adjacent to the wall on the protective side

Peak Water Level Conditions
{Comparison;_Katrina and Design Values)
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h end of breach

Displaced floodwall
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17t Street-Slide Surface
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17t Street Failure Analysis

17th Street Canal

Case 9

Section 10+00

Water elev. = +11.5 ft NGVD
Tension crack

w

Levee Fill

Marsh!

Lacustrine Clay

Limit Equilibrium-Analysis—~Circular-failure,-uniform-strengths

17th Street Analysis
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Finite Element Mesh with laterally varied soil strengths




17th Street Failure Analysis

Detormed mash

Exreme sl dopacement 53
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17th Street Failure Analysis
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17th Street Analysis

Safety Factor

Canal Water Elevation

. lection of I-Wall by surgeiwaves
« Fullhydrostatic pressure along wall

« Weak clay at levee toe causes
failure in subsurface clay layer

«Soil block displaced (translation)

P ] 5

onin Centrifuge ——— Displacement of wall and part of levee
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Findings and L.essons Learned

17th Street Canal Breach

* Failure Mechanisms:

- Gap formation between the wall and levee soil adjacent to
canal side of the wall

-/Variation in shear strength/from the levee crest to the toe
and beyond not accounted for
(Note: higher strengths to north & south of breach)

 Lessons Learned:
- Assume that a gap will occur on the canal side of wall
- Apply Su/P concept for variability in soil foundation strength

- Increase the levee toe footprint or add stability berms

10 M SPOT Satellite Image: 2 Sept 2005
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Pine Is Beach Ridge (sand foundation)

ﬂ London Ave'North

London Ave North

Praxis B

con e s | | oyoos

= Deflection of I-wall by surge/waves

« Hydrostatic pressure along wall
splits levee into two blocks and
increases pore pressures in
underlying sand layer

+/High pore pressures cause loss of
shear strength in underlying sand
layer, leading to sliding instability

sLevee and I-wall displaces laterally

[ e
¢ Failure and Movement {;ﬁ'

Confirmation in Centrifuge
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Findings and Lessons Learned

London Avenue Canal Breaches:

* Failure Mechanisms:
- Gap formation between the wall and levee on/canal side
- Uplift pressures led to instability of the I-walls and levees
< Severe seepage and piping allowed in sand foundation

» Lessons Learned:

- Assume that the gap will occur and design the walls and
levees to ensure that they are stable

- Control the underseepage

London Avenue Canal, North
Aeross from Breach
¥ SN
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Orleans Canal

Y

Figure 1.4: Map showing principal features of the main flood protection rings or “polders” in the New Orleass area.
[Modified after USACE, 2005]

Preliminary-Geotechnical Findings

Severely tested levee system (but could be worse!)
Multiple failure mechanisms
Overtopping and scour jssues
Embankment stability/issues
Embankment material issues

Numerous “transition” problems
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