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Jeffrey A. Melby, PhD

Hurricanes K atrina and Rita devastated Southern L ouisiana during the Fall of 2005. The high
level of destruction was partially due to long term sediment supply constraints and rel ated coastal
erosion. Loca constituencies demanded that the Federal, State, and local Governments take
action in order to provide coastal protection for their communities. |mmediately 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 afull range of flood control, coasta
restoration, and hurricane protection measures for South Louisiana. This study, called the South
L ouisiana Comprehensive Coasta Protection and Restoration, or LACPR, included conceptual
design of alevee system that would span the Louisiana coastline from the Louisiana- Texas
border to Slidell. The levee system was in direct response to the congressiona 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, ateam of
internationally renowned hurricane experts were assembl ed to define the criteria for developing
the design storm suite. For preiminary design, a storm similar to Hurricane Camillein size,
minimum central pressure, maxi mum wind speed, and forward speed was identified as being
reasonabl e and representative of the “category 5” directive. The hurricane tracks were varied to
follow tracks of historical hurricanes. Hurricane winds, wind-wave development, sorm surge,
and wave trandormation humerical 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 a ong the coast using some engineering judgment in order to develop
design conditions for the levee protection system.

Five levee aignments were selected from many aternatives. The differences between the
alignments included planform location of the leveeto provide varying strategies of protection.
The minima aignments left some communities without protection. Two of the levee dignments
included large cutoutsto provide open exposure for tidal wetlands.

A workshop was held in Vicksburg to define potential structural and foundation aternatives.
Primary problems addressed included deep soft foundati on materias and high-cost shallow-
sloping levee cross sections. A number of very innovative structure cross section and foundation
alternatives were proposed. Mog of the alternatives will require significant engineering analysis
that could not be completed for the preliminary design. Therefore, the preliminary analysis only
included conventiona trapezoidal earthen levees with varying armoring aternatives and simple
foundation treatment, such as degp-soil mixing. The fina design of the levee sysem will be
summarized in this presentation.
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Public Law 109-103

Energy and Water Development Approp:

LACPR
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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.......
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ASSESSMENT OF HURRICANE PROTECTION
IN SOUTHEAST LOUISIANA,
HURRICANE BARRIER PLAN
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Design Storm Sele
for Preliminary Des

Saffir-Simpson Scale Vm‘

Category 1 123158 kph winds®
Category 2 159—183 kph winds
Category 3 184 — 217 kph winds

Category 4 218—258 kph winlds
Category 5 258+ kphwinds

Hurricane na at Landfall

Wind Speed 212 kph
Central Pressure 92.0 kPa

Category

US Army Corps
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Camille vs Katrina
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Camille vs Katrina

[ canileoy Katrina (2005)
Maximum High Water Mark 7.3=7.6 malong 8.5-9.1malong
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 A —Minimum Central Pressure 94 .8 kPa or Less

Legend
Hurticane Track
M Category3-5
A Cateqory1-2
Trosical Stor
A Tropical DeprlAll Map Sy
Subtropical Storm
M Subtropical Depression
+# Extratropical Storm
M Tropical Low
Tropical isturbance
¢ Tropical Wave
[ watsr Feature
[ Land Featurs
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Intense hurricanes decay before
making landfall

Most intense huricanes

US Army Corps
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Preliminary Investigation

Single Storm — Probable Maximum Hurricane
89.0kPa central pressure
Radius to maximum winds 18 km (Camille)
Average forward speed of 17 kph and used historical speeds
Ten unique tracks corresponding to historical and shifted histarical

Deseription

Hurtcane Katia

Hurtcane Andew shiled 10 dege st

1047 storm shifted 0,25 deg south
Hurtcane Rita

1015 gorm

1693 storm shifled 0.5 degiest

\ 3 Hurdcane Ria shifted 1.0 deg east
BT T Huricane Canill shid 05 degwest
Longtude 1893 sorm s ted 2 5degwest

US Army Corps

of Engineers Coastal and Hydraulics Laboratory - ERDC

Hurricane Winds

01
Planetary Boundary Layer Model (Thompson and Cardone 1996)
Basin scale grid =0.1 deg (~10 km). Fine scale grid = 0.025 deg (~2km) 0 25
Filling Model by Vickery "
Halland's B-parameter describes pressure peakedness
Modeled wind fields calibrated with Hurricanes
30-minute average wind speed was 225 kph
1 minute average wind speed was 277 kph

US Army Corps

of Engineers Coastal and Hydraulics Laboratory - ERDC 30

277 km/h
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Storm Surge IPET

ADCIRC (L.guttich, Westerink, and Scheffner 1992)

Extensive calibration for South Louisiana as part of recent studies
Grid encompasses Atlantic Ocean, Gulf of Mexico and Caribbean Sea
Local refinement near shore

Upper limit drag coefficient of 0.040

Levee height set to prevent overtopping

Model run for 5 levee alignments

Peak Surge for All Hurricanes
Levee Alignment 1
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Waves z WAM

WAM Utilized for Predicting Offshore
Waves

STWAVE Utilized for Predicting
Nearshore Waves — Steady-state

frequency domain full-plane model - STWAV E
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Summary of Waves and Water Levels for Alignment 1
Save points are roughly evenly spaced from east to west extents

Save Points Surge Wave Helght Wave Parlod /
() () ©

1-10 101 37 11

11-26 110 4.0 14 o

27-3 101 37 14 L ~—

34-4 91 3.4 14

45-51 101 37 14

52-53 110 4.0 14 .

54— 104 122 4.6 14

105 - 126 110 4.0 14

127 -134 101 37 14

1% - 142 91 3.4 14

200 —214 (Lake Pontchartraln) 4.0-6.1 27-37 8

. ™~ y 3

Fad L& \ i

200 214

135 142 1 10 10m
37m
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Model Alignment 1
Follows GIWW and Encloses all Communities
Ty ) P

Model Alignment 2
Same as 1 Except Passes Open

Model Alignment 3
Same as 1 Except Barataria Wetland is Open

Model Alignment 4
Same as 3 Iixc_e t Shorter Barataria Region

Model Alignment 5
Follows GIWW and Leaves Communities Out
T
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Coastal Restoration Features

Shoreline Pr aection

Barrier Islands

Modified Cross Section with
Soil-Cement Foundation
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Structure Cross Section Design

Wave runup (Hughes, Coastal Eng. 2004)

Wave overtopping (TAW manual based on van der Meer and Janssen, 200 l
1995)

Stone armor size (Melby and Hughes, Coastal Structures 2003)
Median Armor Mass for stone armor M, =2 -6t

50
Investigated armoring alternatives
Stone armor fayer thickness
Non-overtopping crest elevation
Crest elevation corresponding to varying levels of wave overtopping

:)st Eﬁ;’i’:.yeg,’;"'s Coastal and Hydraulics Laboratory - ERDC

Final Design is Expensive!
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|— voderate o
Massie OT

Alignment 1, 1:4 structure slope i :8 structure slope 18 m
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10 13m

Final Design is Expensive!
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Nonowrtpat
Mocbrae OT
Masshe OT

Alignment 1, 1:4 structure slope Alignment 3, 1:4 structure slope
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Conclusions

Preliminary design of southern LA Levee system completed

Design storm selection required Cat 5 storm based on

Hurricane Camille on historical tracks 1 16 km 5,000
Levee design followed traditional coastal engineering

methods

Extreme storm simulation requires further study before risk
analysis can be done

Designs with 10-18 m crest heights are too expensive

‘l)stE/:‘Lrir:‘y;:ro;rps Coastal and Hydraulics Laboratory - ERDC
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WAM WAM 17m
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FEMA 100
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TAW

50m

250m 100 120m
STWAVE
STWAVE
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