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1- Le cyclone Katrina
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Figure 4-7. Lake Pontchartrain maximum modeled significant wave height and corresponding mean
direction for 0030 UTC on 28 August to 0000 UTC on 30 August 2005 (wave heights in feet).
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Figure 4-28. Southeast Louisiana modeled wave height and direction for 1200 UTC on 29 August 2005
(wawve heights in feet); expanded view for St. Bernards and upper Plaquemines Parnshes.



Zoom sur le lac Pontchartrain et le Mississippi




2- Consistance du systeme de
protection avant le cyclone Katrina

1-Un systeme compose de levees , de murs anti-
tempéte et de stations de pompage, destine a
éviter les submersions et les inondations liees
aux préecipitations

2- Un systeme edifié au fil du temps sur plusieurs
decennies, de part et d'autre du Mississippi et
au sud du lac Pontchartain

3- Des demandes anterieures aupres du
Gouvernement Fedeéral non satisfaites,
notamment pour compléter le systeme en
évitant les remontées par le MRGO
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3-1 Les effets du cyclone

Lake Pontchartrain
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Lake Pontchartrain, LA and Viciniby
Hurricane Protection Project
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Inner Harbour Navigation canal
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Figure 2. Location of Breaches in Orleans Parish, East Bank
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17t Street Canal Breach

Figure 3. Aerial Photograph of the 17th Street Canal Breach Looking South From the Old Hammond




London Avenue Canal Breach

Figure 28. South Breach, London Avenue Cana



London Avenue Canal N. Breach

Figure 29. North Breach, London Avenue Canal




qure 12-6. NOEG_B. Scoured Section on Protected Side at Lakefront Airport Floodwall
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Figure 13-5. Scour Pattern 'A” on East Side IHNC near N. Claiborne Ave. Bridge
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igure 13-6. Existing Levee and I-Wall Drawing for IHNC East. Note that scoured soil included the
‘Structure backfill” zone (from drawing file H-4-25157, IHNC East Levee from Lock to Florida
Ave. Floodwall, sheet 12 of 15)




Freasae Disinbuton
Farnze on Wl Fropi= 2263 B length of waill

150 352 el =8
vy, oy AL

Flind Spead (To'z)

Figure 1; sUrge oviertopplng an IHNC wall with 1 foot
as 11t below the surge. The top plot glves the w
Plot ghves the fluld speed fleld.




in the IHNC |

: | = '|I|'|‘I'Iﬂ | I 4

.-:i ; .:-I.
=

-

=

ion Leading to the Failure of th

X ..l ? __._
1 q I __. _.... ks
I ¥ _______ | e



New Orleans East

Reconstruction Area

T Damaged
= Mo Significant
Damage

= Mon-Federal T sveps

Citrus Back Levee

Anr Products Breach

Iniracoastal Waterway Breach

Local Anthorities

- Onlaans Laves Distct

- Orlaans Parish Government
-0 Sewerage and Water Board
- Lowisiana DIOTD

Hurricane Protection Syvitem

- 39 mules of exterior levee and
floodwall (T-wall)

- 8 males of interior leves

- & pump stations

- 2 mghway flocdzates

- 1 railroad flocdzate

Damage

- 4 6 mules of exfenaor lavee and

floodwall
- & pump stations

Us Amy Corps
of Enginears

As of 24 2200 OCT 03




New Orleans East

High Water Marks
Elevation in FT NAVDRSS

:I
5 15.9
F
Lifthe Winnds ép
/ @
o Wenetlan =15
o Lok [Harseifes L O i
< .

Lo THicADus
12 W #~
' Lol " o
,_E HewiDrileans East

ol Sdipoil i L0
Ponitchart rain -:—'“ s Qﬁ
Brath L LM
Geabroak - “-:?“F

o FMichoud
2] g4 LakeForkst ey Orieans
=]

118 | & H_&

S ani s Foin

=

- f ek ®aran
- HAEA i 7
E 10 vy i choad :
=
=

MY

A4rmpna i

e 163 | +@

Prelimmary




Sta 772400 B/L New Urleans East Back Levee)
. 89 deg 53 min 49.36 sec W)




Baymu
Bieoramos
Ciozsrol
Smachire

St. Bernard
Reconstruction
Area

= Damaged
= Mo Significant Damage
= Non-Federal Leves

7

Bayou Duprs
. Cioziiral
i Sinactamn

Breach near Pipeline Canal Bayou Dupre Confrel Struchure

Local Authorities

- Lake Borgne Basin Leves Dismict [ Orleans
Levee Dismict

- 5t Bemmard Parish Government

- Louisiapa DOTT

Hurricane Proiection Sy:fem

- 30 mulas of exterior leves and foodwall
- 22 nules of non-fedaral mmrerior levee

- & pump stations

- X conirol stactures

- & floadzates

Damarze

- & nules of exterior leves and foodwsll (1-
wall}

- 1.4 miles of nop-faderal intertor leves

- & pumip stations

- 2 confrol smactures

- 4 floodzates

Bl

us Army Corps
of Engineers




- St Bernard and 9_fh Ward

15.8 - 16.3 ®

-, ER I 1

Oz oy g I
15.5

Arabi

Lhalmette 1 8
\ L 0 range

Hﬁllﬁhﬂ'&-

T A IE ] g
Gardens

o ot Stanbom

..dT.E"-"'”“ O R LyE A NS
i Lol New Orleans

Tipvers,

434 [+, r

.
Terry ppy _A9 1T

- }Hm =T BERMNARDL
EFEERS O

PLAGUEMINES

L Shell Beach

x L W 501 & NL

High Water Marks v IL
Ve S w . 5 -
Elevation mm FT NAVDER T i 18.5

Belle Chasse

Preliminary




g i iy e

Figure 13-68. 2,500 ft. of Levee Along MRGO from Bayou Dupre to 3TA 1007+91 That Lost

Approximately 8" of Elevation



080458
g the sheetpile wall and minima eyond th transition.
-":'ll pru-.lm ate < levation was 17 ft : ||||:| ||-'- ' elevati 13 fi. E:-—m-lru'i rhn—-
transition, r.queI ' =l as é ) 1
ping c




=
ST S
Li=sgn Elesvaaon
i, < Vah 2 3! Lirene Crest
i._._:-_..\_ —iL; e e - g - A L P S  — s Lirwp o ik |
; VYT LT P T » i | ! || .
II'I I|I T LI
I -'H.."'_ .I"'n'll'.u'." | .I L ._-' Li ] '!..\._.Illr'. i I.: ll.lln.ll

151 i Lo Al :;_}F'Il-l Eroa
_H '.ILP"| _... | ] | | Irj. i) I;ﬁ-ﬁ], iud H_-f."“'”’-'““"" nh ¢ |, g

Lever Crest Elevations in Shaet Pile Amas
may e in error oue to LIDAE resolution

or data sub-sampling errors,

Flaura 1&-1 . BMRGO leven damaEane determined from | IDAR survevs: Staton 0 o 4 500 1



Elevation (feat)

20
15

i, e, e

J “Mww

- “-""n-.-.r-f"""'»w““-""ﬁr,gﬁf"

Mw , LL

sl
aM

V

W
""’1"‘ Jh'l." ll

Sharm Surge

Ciegign Ebevatian
— 2005 Levee Crest

2000 Levee Crest

Jw’“ ) M, ( l

11:II 12
(Distance along Levee)/1000 (feet)

14




3-2 Chronologie reconstituee de
Katrina dans ses effets de
submersion de la ville
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Neww C‘riemw: August 29, 2005 Lake
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Neww C‘riemw: August 29, 2005 Lake

Pontchartrain
About two miles west, surge reaches an
embankment at the foot of the Orleans
Avenue Canal that is 6 feet lower than
the floodwalls. Water tops the
embankment and pours into City Park. “
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Neww C‘rleam: August 29, 2005
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9:45 a.m.: Several 17th
Street Canal levee wall
panels fail, releasing a
roaring torrent of water into
Lakeview. Water from this
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New Orleans. September 1. 2005
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If Levees Had Held

_ Humricane Katrina,
Advisory #22




4-1 Quel diagnostic pour des
pistes de solution ?

1- Un cyclone de niveau supérieur au systeme de
protection en place et la localisation cétiere la plus
defavorable

2- Une resilience partielle du systeme anterieur aux
submersions(sauf localement) mais pas du tout aux
breches

3- Des stations de pompage non résilientes

4- Une possible remontée des surcotes par le
Mississippi River Gulf Outlet Canal

5- Une érosion cotiere controversée limitant les zones
tampons de stockage des volumes de surcote



Hurricane Katrina
Aug 29, 2005

+ One of America’s largest natural
disasters

« Cat 5 less than 12 hrs before
landfall

« 127 MPH wind at Louisiana landfall

+ Maximum surge of 28 to 30 feet
(8.5 to 9+ meters) along
Mississippi coast

Hurricane Rita
Sep 24, 2005

i

Cat 4 less than 12 hrs hefnre landfall

175 MPH (281 KM) max sustained winds
in Gulf of Mexico

120 MPH (193 KM) max sustained winds
at landfall

Cat 3 strength at l[andfall



2USGS 100+ Years of Land Change for Coastal Louisiana

sclance for a changing world

SUMMARY
Coastal Louisiana has lost an average of 34 square miles of land, primarily marsh, per year for
the last 50 years. Frotn 1932 to 2000, coastal Louisiana has lost 1,900 square miles of land, roughly
an area the size of the state of Delaware. If nothing is done to stop this land loss, Louisiana could
potentially lose approximately 700 square miles of land, or about equal to the size of the greater
Washington [.C.-Baltimore area, in the next 50 years. Further, Louisiana accounted for an estimated
90 percent of the coastal marsh loss in the lower 48 states during the 1990s.

LEGEND

o ——

Predicted Land Loss 2000 - 2050
Land Gain 1932 - 2000

- Predicted Land Gain 2000 - 2050
*rapared by:

N Loulsiana Land Change Study Boundary Bl & i h"'m“'
J.5. Geological Survey

Jational Wetlands Research Cantar Background is 2000 Thematic Mapper panchoomatic band. =
I.afa'ft!ha. LA Mwm:uses.tmzczmq




4-2 La maturation du projet :
bref panorama des pistes de
solution imaginées en 2006

1- Un nouveau systeme d'ouvrages de
defense

2- Une conception renovée des levees et des
murs

3- Des barrages bloquant la remontee des
eaux du MRGO et

vers le canal Pontchartrain(IHNC)
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Elements include:
Coastal restoration/protection
Structural measures
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ASSESSMENT OF HURRICANE PROTECTION O ey
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STOPPING THE SURGE

ike o the final plan, Sl SAUNCE GATE
grs said it ; :
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5-1 Les conditions clef du succes du nouveau
systeme

1- Une loi programme évitant I'annualité budgetaire avec
une continuité politique des deux présidents Bush et Obama

2- Un travail a marches forcees (quatre ans)

3- Une disposition fonciere permettant a I'US Corps of
Engineers d'imposer des ouvrages chez des particuliers

4- Une mobilisation d'ingenierie, d'expertise et de contre-
expertise sans precedent

5- Un projet global incluant la reconstitution de zones
humides tampon

6- Un large dispositif de concertation national et local
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.._I:ISArmy Corps of Engineers

Greater New Orleans Hurricane & Storm Damage
Risk Reduction System:

Our Mission and Commitment

+ Repair the damages, making what was there before whole again.

» Strengthen and improve the system and provide 100-year level of
protection capable of withstanding the effects of a storm having a
1% chance of occurring each year.

* Current funding level $14.6 B (fully funded).

+  Study and recommend solutions to provide higher levels of
protection; restore and protect coastal wetlands (LaCPR).



Federal
= Federal Non-COE
= MNon-Federal







GREATER NEW ORLEANS HURRICAME AND STCIHHI DAMAGE RISK REDUCTION SYSTEM {HSDHHS}
Status - June 2011

Fesa Arivra Fiewdaell
Halbd S
Lﬂ-ﬂlﬂ-

EETH TR T PR e P

| Painddmwa H ke wrsd corasmin ek ol

THHL
| rindearn mxishen Pusdadcs e walhy Ewe Ol Celar Dy

]
“'b-mmrrmmr-m! l"‘m

,{in-ulm L

m) Wast Bt Flasss i
i TRaal by Bugreerd)
<) LFADL A PASTIRA KA O B
PR A WLy D i i i i
nard Bavimy garnd o ol g e
cbmremme
o -hil.u-uﬁ.ﬂhulw'|u.i-¢ Fawt
gl L [
—
i
[ T e % u:.«{l':r
; X L] i . e
Srviern Teede =T
T o Ragpn st e
Clopag Biructare . - b
P St 1 k
™ Sruriuesl reced niweipin pomm rgmmiie Pump B 5
Masgnrram: Duide ' LR r.-"')i' \hw:mmwuuﬂl | esatting PrctseLiaa ¥ _"
— g Mink B Friabinbas

o i Duaprrsied ok gk B B S

L L L o ]
L b i
| g s b Ty A

IHHHM Tie-ln

UP Raifrmsd Fidyain
B LA 90 Hay Ceasseg
ERETT

L L L]
dnts i v ] i

|WEvAEs

el Fhe-i
BHEF Nplleapd Flosdumie

- L TR
L r— ) [ —
I e e T b el B 1
s [ S9H. P 0 ThOH VY BT kil e
AT I B LR R e b
e o iy AL
W Tie-in
et m.n‘ 1 Bapen Segrentin fome Feik
Fe— . — [ TRE P
- :'-:M-'l-m' :::‘-I.T:uh-'dﬂr f_aﬂ-m:::u—ur.muulq
em s Hay o ~
bl L) L giowE of DT T
[ ST Y

e i ! | e b

Wi i o

Jiee—
3 e

Hipgkle
= s g s b brw paemy iy
e e T A m-..l. et

L

L TUES L

——

T

AT

Rerwish

Lok i
rarnms

daky
Wirgne

e e ol betaree i
it el e orgied e m-al.-n-h
Farsserr Thedn

Hero Casal Linauie Fvecure

Cla R
i B e e B R D
rharesl ardl nard bossy

g, i
L B SR b e a0 B O T L il

Uerasap Hom ki v

MRS LA

Basiein Tiela
b Hwey 1Y (Babe Dampen Py Clessre

L s
e aminin  ninchoied pred deoioyed b morm s

L] I

Agr [Ere

o




With the 100-year level of protection, you have a 0.2% chance Before Katrina, you had a 0.2% chance every year

every year of flooding this deep from Hurricanes of flooding this deep from Hurrlcanes
N | " el el 5k { || Notes: ' IR e -

* The depthimap fool is a relative indicator of progress over ime,
demonstrating risk reduction as a function of construction progress
* The waler;surface elevafions are mean values
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* The info dogs not depict interior drainage modeling results =
F* The storm surge is characterized as the result of a probabilistic analysis of N
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Legend

Floodwall Structure
Gate Structures

MRGO Closure
E Staging Area

. % Access Channel
: |:| Gate ROW

| Proposed Open Water Disposal Areas

Staging Are
27 Acres

GIWW Structures
33 Acres

Proposed Open Water j§ =
Disposal Area i
205 Acres







5-2 La realisation des travaux
presentee par 'US Corps et les
entreprises de travaux lors de la

conférence Smart Rivers
en septembre 2012



SEPTEMEBER 13 - 14, 2011
Westin Canal Place

New Orleons, Lowisiona, U.5A.

Smart Rivers 2011

Greater New Orleans Area Hurricane & Storm Damage Risk

Reduction System

Smart Rivers Conference, Opening Flenary Session

Col. Edward Fleming
Commander, New Orleans District, L5, Army Corps of Engineers

Angela DeSoto-Duncan
Director of Civil Works, Tetra Tech - INCA

Crale Miller
Regional Vice-President, Tetra Tech - INCA

Lt Col (Ret) Vic Zillmer
Resident Manager, IHNC Lake Borgne Surge Barrier, U5, Army Corps of Engineers

September 14, 2011



SEPTEMBER 13 - 14, 2011
Westin Canal Ploco
New Orleons, Lovisiona, U.5.A.

Smart Rivers 2011

The Four Major New Orleans Flood Risks

Separate, but overlapping or related inferagency systems or programs to address each!

\

8 Hurricane Sform

-~

Mississippi River
Flooding

Coastal Erosion
& BEnvironmental
Deg radation

Geologic Subsidence & Sea Level Rise / >
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SEPTEMEER 13 - 14, 2011
Westin Canal Place
Mew Orleons, Lovisiona, U.5.A,

Smart Rivers 2011 & s

3 Glass Balls that Cannot Be Dropped

QUALITY

%Jm&
SAFETY

SCHEJUI.E

PUBLIC SAFETY DEPENDS ON ALL 3.



SEPTEMEBER 13 - 14, 20M
Westin Camal Ploco
MNew Orleons, Lovisiona, U.5.A.

Smart Rivers 2011

Three Strategic Improvements of the Hurricane and Storm
Damage Risk Reduction System (HSDRRS)

1. Block five storm surge avenues from a 100-
year storm surge.

2. Raise and strengthen levees and floodwalls to
the same design guidelines.

3. Storm proof key pump stations so they can
function when there is flooding in the city.



SEPTEMBER 13 - 14, 2011
Weztin Canal Ploce

New Orleons, Lovisiona, U.5.)

) Smart Rivers 2011

Block The Five Storm Surge Avenues

(Frem a 100-year storm surge)

Quifall Canals o
Q@@

Gafes & Pumps af ﬁ?




g 'ii'lﬁ_ -, SEPTEMBER 13 - 16, 2011
Smart Rivers 2011 | ! Wessin Gasol Ploce

New Orleons, Lovisiona, U.5.A.

Orleans Metro

5t. Bernard Parish

Mew 32-fool T-wall

Old Levee Elevation:
14 feet




SEPTEMBER 13 - 14, 2011
Westin Canal Place
New Orleons, Lovisiona, U.5.A.

Repair &1 pump Storm proof 49 pump Construct 5 safe

stations stations houses

($103 Mil) ($322 Mil) ($18 Mil)



SEPTEMBER 13 - 14, 201
Westin Canal Ploce

Mew Orleons, Lovisiona, U.5.A.

Smart Rivers 2011

A Priority of Two
Administrations

“Now, even as we confinue our recovery efforts, we're also focusing on
preparing for future threats so that there is never another disaster like
Katrina. The largest civil works project in American history is underway to
build a fortified levee system. And as | — just as | pledged as a

candidate, we're going fo finish this system by next year so that this city is
protected against a 100-year storm.”

President Barack Obama

Xavier University, New Orleans

August 29, 2010






SEPTEMEER 13 - 14, 2011
Westin Canal Ploco
New Orleons, Lovisiona, U.5.A

(i Smart Rivers 2011

The Delivery Team Includes:

@ {E}M E TETRA TECH %M

Alberici Construdtors| | ERE El,l!"!_ — =S
il oo (TREVIICOS) pwessy of o

B

N . =
,, :.Utr_l_:l_a_rnd 1

H LIMFIELTy, MIUMTER B JIORHILES, 1HC

51, Bermard
Bewes Partners

Bioenginecning

=" ARCADIS

.Baker

D Kiewit

“ommitted to ensuring that New Orleans can handle a 100-year storm surge
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Lake Borgne Surge Barrier
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[HNC-Lake Borgne Surge Barrier
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IHNC Storage Capacity

For a 100-yr Storm Surge:

Closure elevation: +3 feef

Rainfall {10-year, 24 hour event): +0.8 feet
Pumping into the basin: +2 feet
Overtopping: +1_5 feef

Wind setup: +0.5 feet

Water elevation of less than 8 feet

For a 500-yr storm surge, the IHMNC Basin will
rise to an elevation of less than 10 feet.

The IHNC Basin will be able to safely hold water to
the top of the wall, which is af elevation +12 feet
at ifs lowest point.

(Hurricane Gusfav Elevation)
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Overtopping Analysis:
Franco & Franco Method

Calculates overtopping

Maximum allowable storage capacity
chind IHMC HFP is equal to a 1.5 ft rise in
ater level of 226.5 million ft* on the
rotected side of the barrier.

Input: 1% Chance of exceedance values
F H,, T, Still Water Level (SWL), wall

sight, wall length, and wall type

efficient.

Cwtput: Run through Monte Carlo analysis
 produce 50% and 90% Monte Carlo

nfidence intervals.
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Soldier Piles
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==

First Pile Driven May 9, 2009  Last Pile Driven Oct 23, 2009
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Soldier, Closure, Batter Piles
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66”7 Concrete Pile Infill
Reinforcement
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Cast in Place
Complete!
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Parapet Wall
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Sector Gate
Installed: May 2011

Barge Gate
Delivered: Feb 2011

Barge Gate Sector Gate

= 1.
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Bayou Bienvenue Gate Installation Installed Gate

Bayou Bienvenue Vertical Lift Gate
Installed: March 2011
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Surge Barrier Facts and Figures

1,271 spun-cast 66-inch-diameter concrete soldier piles
2,514 closure piles

647 steel batter piles

&/ 3 pre-cast and cast-in-place concrete caps

7,490 linear feet of parapet wall
Two 150-foot-wide gates (sector gate and barge gate) at the GIWW and

one J6-foot-wide vertical lift gate at Bayou Bienvenue
Enough steel to construct 8 Eiffel Towers
Enough concrete to fill one football field, 24 feet deep

The project involves 160 miles of piles - approximately 20 miles more than
the distance between New Orleans and Lafayette.
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Project Status

* The design of the Lake Borgne Surge Barrier is
approximately 99% complete.

* Overall project is approximately 21% complete.
* The three gates are approximately 60% complete.

* Construction is scheduled to be complete in October
2012.




6- Questions a approfondir

1- Le processus d'approbation technique de
2007 ( peer review)

2- Le choix du niveau de protection retenu

3- Le mode de communication adopté pour
assurer I'acceptabilitée du projet

4- | 'imbrication des niveaux de décision

5- Les raisons de I'absence de
communication technique sur un projet de
cette ampleur

6- Le degre d'implication des experts
hollandais



6-1 schématisation de la revue des pairs

(peer-review)
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Before Katrina, you had a 0.2% chance every year
of flooding this deep from Hurricanes

ptes:
The depth map tod is a relative indicator of progress, over me,
demonstrating risk reduction as a function of construcion progress
The water surface elevations are mean values

The scale sensifvity of the legend is +- 2 feet

The stomm surge is characterized as the result of 3 probabilistic analysis of
5 to @ shorm parameters of a sulle of 152 storms and not a parficular event

Assumes 50% Pumping Capacity
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Currently, you have a 0.2% chance every year
of flooding this deep from Hurricanes

otes:
depth map tod is a relative indicalor of progress, over Bime, .

demonsirating risk reduction as a function of construcion progress

The water surface elevations are mean values

The scale sensifivity of the legend is +=- 2 feet

The info does not depict interior drainage modeling results M

The stomm surge is charactenzed as the result of a probabilistic analysis of A !

5 to 6 shorm parameters of a sulte of 152 storms and not a paricular event
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Vith the 100-year level of protection, you have a 0.2% chance
every year of flooding this deep from Hurricanes
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he Infs does not depict intenior drainage madeling resulls
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{Eﬁ Sorm prramelers of a sU%e of 76 storms and not & paticular event

Assumes 50%: Pumping Capacity,
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