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Eour Main Points

IHurrcane Protection System was a
Systemr i name: only.— highly fragnmented
& DUt IRcrementally: ever 40 years

Safiety and reliapility’ traded ofif for
ECONOMIC EfficIEncy,

IHIeranchy. off agency. deciSion PreCESSes
PO ceordinated; InSUlficient reSeUICES

New’integrated ' management framework
needed + new decisioni rules & procedures

A mission fior ICHARM?




Some Facts

$1.10B federal fiunds for recovery: and reconstruction
- $44B spent S far

$1.0B for repair/replacement offlevees, pumps,
fleodgates

lgisitife) clzlnplzlefeh — 55 R

90,000 sg miraifected oy Katrna — size off UK
Orng pop. off New Orleans 455,000 — new —210,000

19,000 bhusinesses & 125,000 apartments/Nemes
destreyead/damaged throtgheut Gulir Coast

EENASSRENTSC OO eRNNoIE HEMES: thal CANNBLINE
tisedinficedplainsi (EEMATreguiatiens)




Federal Floed Insurance Programs not sustainakle
- need restructuring

4590 of Katrina victims didi noet have fleod insurance
65% o1 53,000 fleoded homes in NOrhad insurance
Eloedplain; defined as = 1% chance: fleoe
$25B claims frem Katrina, $2.2B fees collected 1n 2005

EENMA lbegan 1969 - $158 paid oui hefere: Katrina

Insurance mandatery In fleed zones with federally
regulated mortgages

Wpical insurance policy, — $300-400/yi: = subsidized
4.8Vl have policies; <50%) i fioedplalns

Congress plans te raise maximum InSUrance ceverage
on hemes from $250K te) $337K




New: Orleans Levee System

PHOTOS AND VIDEDO | FEEDBACK

MAPS

The Impact of Hurricane Katrina

Repair attempis failed and at least one new gap opened in the system of levees that surrounds New Orleans. But the inundation slowed midday
as the water stopped rising.

CLICK DN THE TAES BELOW TO LEARN MORE.

IN NEW DRLEANS | CLOSER LDOK: THE LEVEES EVACUATIOMN ROUTES THE OIL INDUSTRY
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ST LOULE CATHEDRAL, GEMNTILLY
S FREMOCH OQUARTER
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Water levels betwesn tha dity and Lake Pontchartrain evened oul late
Weadnesday, slopping the riea of water in the city. Mormally, the city is

prodected by levess from the lake, since much of itis below the laka's
watar kevel.

O Pumping station The extent of flooding was
All currently offlmee determined using an infrarsd
satelite image taken at noon an
Floaded areas Tuesday, Water continued e e -
As of noon Tuesday 1o rise after the image - . Bk,
weas taken. (% =
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17th Strest Canal Structurs

Orlaans Ave. Canal Structure

Inner Harbor Navigation
Canal

Figure 4. Map showng detailed geometry and features of the New COrleans metropolitan area
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Congressienal Directives, ter Corps of
ERGIREEKS eI EMERGENCY/. FESPeRSE 16 and
[ECOVERN/ A eMMMUEICARES 0ff 20057

Seclt Army. —...1S directed: to restore the floed
damage reduction: and hulncane and sterm
damage reduction: projects, and related Weolrks;,
Q) groyicle g (B8] Of araigeilon) [or Willct

ey ereraes/igread, at full federal expense:..
AlSe, levee system| perfermance analysis

Alse, a study ofi options; for future Category 5
pretection for New: Orleans anadfarea




RESIONE: Daiagen Compenents 1o Pre-
Kathna Designl Standards — 1. June 2006

RESIONES Unaaiaged levees/Eloedwalls te
Authoerized Design LLevels — Sep; 2007

Comoalgias Uricarsigtic el 2o o
Authorizedl Projects — Sep: 2007

BEbe) ane Sieneer: Complete propesed
zlefeliciarell Jer O roYE el is 0y S 20008

slicirlgr Laydls ogf Braigdcijof) (Czligeldrf5)s

Seuthr Ceursiana Hurrncane: Protection and
Resteratien REport=JuRe 20065 Decemberr 200
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Levees / Floodwalls

Not At Authorized Elevation
Due to Subsidence and Elevation Changes

Jjetal Cength of | Levee

SySteme
19 miles
12 miles
39 miles
30 miles
10Crmiles
16 miles
66 miles
d0rmiles

BOINMIES 75,3 mliles

* Includes Mississippi River Levees

EFloedwall

2408 nllles




Subsidence and datum errors
reduced proetection levels

IHMC Map

Authorized Protection = 15 ft.




New Orleans Outfall Canal
Interim Closure Plan

Rontchantrain

 Three locations on
| Lake Ponchartrain

| *Protection by 1 June
$};2006

Provide New Orleans

with rainwater drainage
* Prevent storm surge

« Pumps permit drainage
while closed




Southeast Louisiana HPS
Emergency Improvements

e Three locations on
Lake Ponchartrain

*Provide New Orleans
with rainwater and
overtopping drainage

* Prevent storm surge
into canals

*Removes 14 miles of
floodwalls from primary
HPS




Southeast Louisiana HPS
Emergency Improvements

e Two Locations:

'w :
_________ «Seabrook
% ‘ *GIWW/MRGO

determined

DS *Precise location
__s\ r % -'.. GIWW/MRGO yet to be

4

e e i; *Prevents storm surge
L : from Industrial Harbor
area

.

- e
=

g

‘Removes 20 miles of
levees and floodwalls
from primary HPS




Southeast Louisiana HPS
Emergency Improvements

e Levees and floodwalls
will be armored at
critical points to resist
damage from
overtopping

sTransitions points
between levees,
floodwalls, and other
structures will also be
armored




Southeast Louisiana HPS
Emergency Improvements

Hay

* Dozens of pump
stations in Orleans,
Jefferson, St. Bernard, &
Plaguemines Parish

sEach station is unique.
Study underway to
determine specific needs

*Potential improvements
include emergency
power supplies, raising
critical equipment,
waterproofing, and
hardening







17 Street Canal: June, 2006




17 Str. Canal

YWork continues onthe 17th Street Canal floodgates. The new Army Corps of Engineers plan conzsiders building levees of betvween 30 and 60
feet in height to hold back water from severe storms.




Pump/pipes — 17 Str Canal

Workers install pipes to pump _Dut water at the 17th Street Canal.




Workers Assisting in Reconstruction of New Orleans




Levee Reconstruction-Lower Ninth Ward
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Wiork iz being done to shore up the area on the edge of the r Minth Ward wwhere the levee gave way during Hurricane Katrina. Many
homes =till not been repaired



Levee Repair — T-\Wall
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Hurricane Protection System (IHPS)
Resteration Progiami Summany. -
Repails to Damages (1o Cat 2+ level)

~ 95% Complete




Restore Navigation Mission

b BL|0XI % - * §
GujrfDOTt 36 Open to 9’ ~‘", —-—-—‘l MObIl&45’

_ op n to 3(} m) : ﬂ,_‘
(4 mey)) S
I‘ T ALK

N\
u_)mfﬁer Harbor Nav Canal
restrched @ 12’ 1700 —
0700 hours.until drydock
removed thrs week )
e FEL S s = . Bade~ ] Open
* Restricted, but
operational

(dredging requirements)

Revised 14 Nov 05

21’, operational Mississippi River — Entire river is green.
Dredging Underway: GIWW - Inland Dredglng, Tenn-Tom WW - Inland Dredging; Mobile River - Inland
Dredging; Pascagoula Harbor - Hooks; Mobile Bay - Columbia, B&B, Manson; Panama City Beach - Weeks
Marine; Gulfport Bar — USACE, Dredge McFarland (arrived 5 Nov for 2 weeks dredging); Gulfport Sound —
Hooks (arrived 9 Nov)




Arthtr Vaass = Viuday Waters:
(1951)

“SPUBIIC PoIICY IS PEelig
Jormead as ItJs Pelig

executea, ana-rtis
exectted as it Is pelig
formead:




current Status

Mar 3, 20006, : [Levee repallr costs have tripled
10 almoest $10B — $3.2B (billion); original cost

Eleedl Insurance: Progirami (FIP) reguires Righer
level ofi pretection — FEMA Woeuld net: Certiy,
rebullt levees —less; than 100-year protection.

@fftne extrar s By aliWell df 0 erierPeLEET
2489 oiire gootlleiilon, walllsine fermrelalirie
sletffatilel greiect 50%) ofinle goealleilon

Are lessi than fully-certified! levees acceptable
I e density’ populatien; aeas?

EUlFCost el Category’ 5 proteciion — $80-501 B
Show: map
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FPrincipal area of analysis




Some recent events

May: 21, 2006 — Mayor Ray Nagin gets reelected : “We're
going te brng back all the citizens Whe Want to ceme hack to
INEW @rEanRs S VayeiNagintiastnerelantieiiesuicierN e
Oreans (What dees ‘sulsidianity” mean i this case?)

Senater Report
White House Report
IHOUSE REPOIt

May: 22" - National Science’ Feundation Report on; Levees,

VIeyA 25 = practicEs i lICanE AllcIa eXerCISENRMNECIUSIanE
caCEl EcNRNnICdIENeiail =N EISACEEMERLS BVE
[espoeRsIIIESHGIFEVaCUaEREEEHNN@FEATEENA

ASCE Report released May, 2006
NSE Report released Vay, 2006
Corps IPET Report Released June 1, 2006




Performance Evaluation External Review Panel

Plan & Interim Status Reports

Interagency Performance ~ American Society of Civil
Evaluation Task Force Engineers

U.S. Army Corps of Engineers February, March, May 2006
January, March, May 2006

Commitrtee on New Orleans

Regional Hurricane Protection
Projects Reporis

National Academy of Engineering A New Framework for

February, May 2006 Planning the Future of
'-' = Coastal Louisiana after
the Hurricanes of 2005

University of Maryland

Center for Environmental Science
February 2006







Integrated (?)’
Institutional Respense

White House

HUD HEW DOT

Urban
NSF ASCE NRC ASFPM |nstitute

CWPRRA LCA

DHS FEMA: Department of
Homeland Security / Federal
Emergency Management Agency

HUD: Department of Housing
and Urban Development

HEW: House Education and the
Workforce (HEW) Committee

DOT: Department of
Transportation

DOD Corps: Department of
Defense, U.S. Army Corps of
Engineers

NSF: National Science
Foundation

ASCE: American Society of Civil
Engineers

NRC: National Research Council

ASFPM: Association of State
Floodplain Managers

CWPRRA: Coastal Wetland
Planning, Protection and
Restoration Act (task force)

I_LCA: Louisiana Coastal Area
(restoration study)

States of MS, LA, TX




Gilbert White — “Human

Adjustments to Fleods”
(1945)

“Flooads are Acts o God, BUL
/1o0a /10556s are jargely;
Acts O man::

(Whers In charge: of land use planning?)




Do we: aim| el perfection?
(Integrated \Water Resplices Vianagement)
Olf... o' We adjust incrementally?
(GIFAdaRUVENY ERNAgEMERL)

Institutienal (legisiatien; legal; regulatory)
Ecenomic incentives, cest-shanng

ELICIEELrIC) ClESIcf) STEl]CIfefs, GriE iz

Vel eneeemeni/ACiisSirauen
ERNERCEC EHECHVENESHORSE U CEREIINAGE)T
Providing cost-effective; Services

Efficient reseurce. use

Access and avallability te services

Compliance with rules & regulations
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New Orleans Losses

Losses were concentrated in low residential areas,
and with those unable to self evacuate

: egenc
Loss of Life = 1300+ e 0% - 5%

(759% = 60 yrs) 6% - 15%

16% - 25%
26% - 35%
36% - 50%

Social and Cultural 51:*’3 . 552’5
Losses = Staggering 66% - 85%

Direct Property =
$20B

Migration, Slow . 8 -100%
Recovery —

Total Loss — $200B

St Tamman y




The Consequences

Design deficiencies resulted in 2/3 of fleoding, and 14
of lesses In some areas

Orleans East Bank

alooding No Br_eag:_hi' !

allm i _ \e.




Thoughts on Comprehensive
RPlanning & IN/RIV]

1958-61. HarvardiWater Program

1962 Design off Water Reseurces
Systems (Maass, et.al.)

1965 Water Resources Planning Act
m Basin Planning Commissions

m EPHRCIRIES e StanEaEs

u Water Respurces

Councll




US Eloed Policy Development &
Noen-Structurall Eloedplain Management

Gllbert \White;, 1942 Dissertation

Executive Order 11988, Alooap/an Vgmt(1971)
P&S reguirement for nenstructiral plan  (1980)
Water Reseurces Development Act (WRIDA1966)
Unified Natl Proeg forf Eloedplain Mgmit (1992)
Upper Miss R. Eloed (1993)

“Galloway Committee™ Report (1994)
“Challenge 217 LLegisiation (WRDA 99)

REspenSe: tor Kauina (Z005="7) = not o6 Se)ial




PRINCIPLES: Unified Nationall Flood Plain
Management Program

Vi@ S UmeRrSUSCERubNity toN=I0eENDERTZCE
(relocaton, Heoea warinig. forecasting, a/saster
preparéaness, ass/Stance, /ana.acquisition, erc:)

Wleeliiva lefleziet e =Eleeellnle) o) Peeje)le ziple

COMMUNIVES! (Emergency. 1resporse, Hooad. [EcoVery)

PreseiveranciResteresNailaiNElieedeliain
RESOUNCES) (1arnad acquisition,, restore Hablitats)

VGG EIeeEING| (@ams, alkes, detention bas/iis)




Netherlands Storm Surge Barrier Protection System ~ $16B;
Built to 10,000yr return period, 1965-2005




Netherlands Storm Surge Barrier Protection System




Proposed Venetian Storm Barrier Protection System




Thames River Storm Surge Barrier




New Orleans Levee System
(so how did this happen?)




Evolution; of New: Orleans HPS
(GAO Report, Congressionall Testimony: 28/9/05)

Congress authorized projects in 1965; $85V;
estimated completion 1979,

Designed: e NWS-SPH, — Cat 2+ teday, return
peried ofiabout 200-300 yirs. Basically twoe
altermatives:

PLANEL =TWwWorrings of protection: Inner rnng ef 9-1.3°
|EeVEes;  + oulter storm. surge panier Witii f1ood.
gates (similar ter DutchrPlant)

PILAN 2 - Inner rng ofi highilevees, 16-18.5f

PURIC oppoesitien (1975), and envirenmental lawsuits
(1977) over twoe-rnng plan; ~lan. 1 apancoenead.




Evoelution ofi New: Orleans HPS (Cont'd)

By 1982, the costs rese to—$800Mi; est. 2015
complenon

PL Ao =g40) (WEHEA 1990)) Flatise Car)f Kot
Ne) AL -2)EE

By 2005, 60-90% ofi 125 mi levees cemplete: in

Preject areas

Ereom 1995-2005),, Conglessional approprations
declined firem™ " S15E20N/AT ter S5V

2002 Conps reguested funads for a study: to
strengthen HPS

2006 appropration ol $2.8B), est completion
200672007




Corps of
ERgineers
Bldget
Allocations

USACE Civil Works Appropriations
Comparison to Federal Budget,and U.S. GDP

1840 1950 18960 1470 1880 19580
Year

Percent of Federal Budget —— Percent of U.S. GDP




Heuse Conil Reporit: 101-66/ (Ot 27, 1990)

As originally avtherzed by Section 204, PL 89-298:
=, high level leveesi plan Wwas, suestiiuted for the barrier plan.”

LG U GHIESHIEVENEISECRCONCEIIS 2B Ui DEEEELEST BRIl
IMPECErdrainEgereircaalSre R IUIICANES:

e CONErees do et BEevVemWas e INtEnt o Congressiin
AUHOHZING RIS Pre]ECH 10 COMPELURENICEEING B aicIiage

prenlems i New: Orleans.”

i ASHIGINIECESSAIAOIT HE GG IRZINEIERpIanT terpreVide
diiainager e stemmWwaters Into L. Penchatrain®

= e Colerees airect tije Corps te treat the: eutiall canals as
part ofi the: everall hurricane protection project... ane e
Vel ConSIdeRaplantuiaicISESt e EVEES alenarthe entiie
length of the Lendon Ave and N.O. Ave. Canals... SUficient fox
a SPH...”




Katrina Path from; August 23 - 31, 2005

@ Tropical depression
@ Tropical storm

O Category 1
® Category 2
8 Category 3

O

b

Sat. Aug 27M August 23

R
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Hurrcane Saffir-Simipson Scale

Categony 1: Windi Speed 74-95 mph

Sterm! Surge 4-5 It alove noermal
Categony 2: Wind Speeal 96-110rmph
Stermi Surge 6=8 It albove normal

Category. 3: Windi Speed 111-130 m
Sterm Surge 9-12 fit a
Categonry 4: Windi Speed 131-155 m

on
pove normal

0lf

Sterm| Surge 13-16 ft anove nermal
Category 5: Wind Speed =155 mph
StoHISUIge = 16 i alboyeioriial




IHurricane vs. River Eloeding

IS the! relevant physical
force for Ievees; Windiis for rools and Structures

et (Cat 3 Wind speed) had eguivalent
Cate @Ry 5 Sterm SUKGE

FrEQUENCY O hlmIcanes (magnitude; duration,
fietch;, pressure) cannoet e calculated inrsame
Manner as fleeds — need a companranie metiod

StaEaIESEaSEENEESIgRIVS IISKEIESEE G ESIENR
(PMH,, SPH, Cat 3, Cat 5, 200~yr, 500-yr, 10K-yr,
select: designi that miRImIzZes, [HSk-cest; 7)

What else goes into the risk calculation? (Healf,

tratma damages, dislecatien/disruption) jolrloess,
education, etc.)




Authorized Protection Levels Vary
-No clear attempt to integrate

Saffir-Simpson Scale (1970)

_ ; Scale Winds
Design Hurricanes ## (mph)

Project Date Centiral Eorward 74— 95
Lecation Autiierized | “Pressure Speed 96 -110
Index

111 — 130
= 155
155 +

Lake 27.6
Pontchartr Inches
ain &
\icinity Katrina at LA Landfall

Grand Isle 1965— 28.15 Categpny s
& Vicinity 1076 Inches o i

INEew, Q)ciie) o)) 28.1 _
Orleans to 1962 iInches 27 Ay inchesicentral
pressure

\/enice

\WWest Bank 1986 27.4
& Vicinity. Inches S0NmIes—exteni oi;

hurricane force winds

IS mphNeRVarGiSPEEd

Congress currently authorizes protection from flood 220 miles — ecte0t of

tropical fercewinds

waters resulting from winds of 90-115 MPH.




Why Difference in Standards?

e Influence of cost

~ 700— 1000 Year * Loss of system ~ 100 — 200 Year
Design Level perspective Design Level

e [Lack of consideration

LW e S of residual risk &

MISSISSIPPIRIVER 2
consequerices e Ll

‘ & FLOODWALL

— 20 FT PROJECT FLOWLINE 175 ET ‘

AVG ANNUAL HIGHWATER 14 FT /
e TS SPH DESIGN ELEV 11.5 FT o~

NORMAL LAKE 1.0 FT LEVEL

30,
20,
Eid|
GENTILLY m\\ N
10
=20

ELEVATIONS IN FEET NGVD

'ty of Ny
roLricl &g

RBIG(sY AT I-10
RIGHT DR
C. SIMON




Hurricanes & Glebal Warming?

“An Inconvenient Truth” — Al Gore

2004, 2005, Atlantic Auricane: Seasens Preke: many.
[ecords

20006 predicted torhave 15 namead sterms; 10
AUrcanesstrengi; 4-5 making landiall inrus

Debate amoeng US meteerelegists:
AL 25-40Near cycle? (e.g. Landsea & Gray) or
B P Gl glehaINVaINIRGCYCIEZ (e Emmanlel)

0% Increase in Cat 4-5 cyclones worlawide: since
1970. Doubling 1 N. Atlantic.

or POOR DATA ?




MANY STRONG  WEAKER

MANY STRONG WEAKER

Note: Prior to 1970, tropical cyclones were not monitored by satellites; meaning that those
cyclones that did not hit the land of the United States were not systematically recorded.




Most Damaging; Hukricanes

Year  Cat Cost
Katna (EEEATIVIS) = 2005 3+ 5 102000 B -k
Andrew (EL, IEA) 1992 43.6 B
Chareya(Eb) 2004 15.0 B
Melp (AL ED) 2004 14.2 B
Hugo (SC) 1989 12.2 B

Betsy (FL, LA) 1965
Erelpless ((FD) 2004
Camilien (VIS5 AT, VA) 1969
Diane (East Coast) 1955
Jeanne(EL) 20004

10.6' B
GHONS
.9 &
6.9°B
6.9 B

5
A
3
A
Agnes (FL, GA, SC, PA) 1972 2 11.3B
3
2
5
1
3




Calculatingl Damages/Impacts:
(Wihat should be used for BCA?)

PilEc damaeest te Infrastruciure, Nemes

RGIECHECEREMIC CANEEESN]B19S; ECONGIY,
preduction, agrculture;, fisheries, oll/gas
production, tramnsport, ete.)

LEsS) eft life; lhealth, psychoelegical trauma
Cultural, secial, community: cCehesion, etc.
Other vulnRerability measures 2

(Economists, planners, engineers have heen
debating| these Issues fior the past 100 years)




0.5%

0.5%

0.4%

0.4%

0.3%

0.3%

0.2%

0.2%

0.1%

Direct flood damages as percent of GDP

0.1%

0.0%

Flood Damages as Percent of GDP
(Based on damages and GDP data in 2000 dollars)

Ohio & Lower M Direct damages as percent of GDP
€ 135% Mississippi River Total damages as percent of GDP
Basins
Basins \
Kansas & Hurricane
. Missouri Rivers Agnes
ISSISSIPPI ¢ 99% L
Hiver Valle .
{ \ Wnftesie Midwest Floods
N ]
Diane
/ Teton Dam
®51% / Fa/IUI’e
O M O© OO N L O o I -~ O M O© O AN DO A< N O M OO ANL 0O dA <IN~ O M O o N
O O O O 1 cd d N AN AN OMOMOmOMmMTST J§ T LOLWW O O O O N~SNIMNMNIMNSMODWOOLWOWOO OO O O
o OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO O OO OO OO OO O) OO O)h OO OO OO OO O O
Lo B B B I B I IO I I IR e O O O I e e I O B B e B e B B I O O O O I O e e I B o N B o\ |

25%

20%

15%

10%

+ 5%

0%

Total flood damages as percent of GDP



Recent REPORTS/REVIEWS

Gov't Accounting Ofifice Reports (numereus)
Congress. Researnch Service Reports (numerous)
Uriean: Land Institute (Nev: 12-16,, 2005)

Gulif ot Mexicer Allilance: Geverner's Action Plan (2006)
IHouse Report — A Eailure of Initatve”

White Heuse Report — Eel 2006 The Eederal
Respense to Hurcane Katina — Lessons Learnea

IRnGERERdERtIVEHKING GroueNINVERIEATNEW
Eramewerk e Planning ther Eutlre: ol Coastal LA®




Forensic Analysis of Hurricane Protection System
(causes & modes of failure, damages)

LA State
Commission

Corps/IWR
Decisions, designs
Congressionally Authorized & policies:

& funded Studies Evolution

of levee system

\ 4




Rteragency Pemormance Evaltation
Tlask Eorce (IPET)

Input g Response g Output

|

./ Structural |~ Structure
i Response ' \.Performance

Storm i ] i Risk and
Environment I Interior | | RCUELIAY
: Flooding ;
] Response ;

4 4 I\

Data and Information

Integrated Data Base Vertical Datum




Federall Agencies

Corps ofi Engineers (Leadi agency)
MVD/MVN/MVKIMVS
Jlask EorcerGuardian
Engineer Research and: Development Center
Huntington District (Task Force Co-Lead)
LouisvillerDistrict
Tulsa District
Jacksenville District
Portland District, Hydropower Design: Center
Institute ferr Water Resources / HEC
FEMA (Team member)
NOAA
NGS (Tleam| Co-lead)
CO-OP (Team Co-lead)
NWS
HRD
USBR (Team co-lead)
USDA Econemic Research Service (Team Co-lead)
USGS (Teami member)
NIST

State and Local Agencies

LLouisiana DO
New: Orleans LLevee and Drainage Districts

Southr Flerida Water Management District (Team
Co-lead)

:—Iazjr)is County Fleed Contral District, TX (Tleam Co-
ea

International

RIVer Bureau, Ministriy off Land, Infrastructure: and
Jranspertation; Japan

Geo-Delft; Netherlands

IPEISeam: >150iexperts; >500rganizations

Academia

University of Manyland (Task Force Lead)
Louisiana State University.

Jacksen State University,

Utah State University.

Penn' State University.

University of Florida (Team Co-lead)
University of Delaware

University: off North Carolina

University: off Seuth Caralina

University: off Norte: Dame (Team Co-lead)
University: off lexas

Stanferd: University.

liexas A&M U

University: of Wyoming

Georgia Institute of Technoelogy.
Massachusetts Institute of llechnology.
Oklahema State University.

Virginia Pelytechnicall Instituter and! State
University: (Team Co-lead)

Villaneva University.

Rensselaer Polytechnic Institute
University: of Missouri

University: of lllineis

Industry.

Steedman, Ltd., UK (Team Co-lead)
Ocean Weather, Inc

ARA, INC

CH2MI Hill

RAC Engineering




Stelim Surge and Wave VMedeling
VWhat surgeraned wavesidid thelevees and

fleeawWalls experience firemKatrna?
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High' resolution coupled
sterm surge and wave models
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Regional-Scale WAM Model
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Nested Offshore Wave
Modeling Approach

* Lateral boundary conditions for regional-scale
model from the basin-scale model

*Winds from higher-resolution regional wind fields

Basin-Scale WAM Model




Phaysical Periermance ARaly/sis

What forces were the structures
designediandihbuilttenwithstand?

Surge and Waves Design & Intent

Static & Dynami S I As-built and
Forces ‘ Condition

\_ Z TYPE STEEL

Sy e \ FLO0D SIDE 2 L ERHELTENSIDE
—SHEET PILING - Ta o

— M map

e L 0D

f L0 M PALTED WATERIAL 5 39,
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PEriORIance
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Elonuing

EXpected
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Risk and Reliability Methodology.

Finalize Project
Objectives

:

Hazards ID Identify Hurricane
& Protection System
Analysis Components

: : :

Failure Modes .
& Systems Inundation Consequence
Effects Analysis Gl AL Mapping Analysis

l F Y
Vulnerability
Analysis

I

Probability

Frobability

¥
Risk Quantification
& UUncertainty
Analysis




HPS Definition n Risk Model

S
NG

Note: Plaguemines not shown but is
in the risk model




Geolechnlcal Zactors ana Bernavior:
IS OWAGIE e SUCHIICS [PEITOIIT A0 WWIY/7

Combination| off numerical
and physical moedeling

Sophisticated soil-structure

analysis will'use the ‘ ER—
Army and RPIi centrifuges ¢ =
with support from Geo-Delft

oD Water overtops the Moodwall,
&

Piping and Uplift

Key Response analyses
Weak soil layer




Conseqguence ana RISk A[Ral/sIS

Wiaatwere tile ColiseqUerices Oiialiliia?
What iIs the risk for the future?

Flooding Exposure by Polder Risk Relationship by Polder
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Selected Hurricane Tracks
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pullding| resilient systems Isf difificult Decause
off complicatedi rules eff Cengress...”

“...We have to loek beyond econemic criteria.”

=...top of the list referms Is; requirng
INdependent peer review: of our prejects...”

\We can't simply loek at engineerng
Independent of political and' social ISSUes...”




6/2006 Louisiana Coastall Pretection and
Restoration Interni Report ter Congress —

OpIeRSHOIFCAEgeR/A S FUFIcCARE Proleclion

Hurricane: risk reduction Decision: Eramework

Restoring the first line of defense — coastall & marsh
restoration — an integral part off plan

Characterizing huricane threat
Develop new: rsk-hased assessment methedelegy

Eermulate initial set ofi plans/strategies that provide
alternative risk reductien strategies and measures

Upgrade/update technicallanalysis (stermi surge, Wetlands;
ecosysten, sociallimpacts, econemic Inpacts, etc.

Fhe - Dutch Appreach Censidered, rejected
EINAL REPORT to: Congress — December, 2007




Soutnr teuisiana Hupicane: Pretection
and Resioratien TEAN (Categeny s Sttdy)

National— lnternational Expert leamn

Federal - State
= Corps, USGS, FWS, EPA, NOAA, NRCS, NMES, MMS
= LA CPR Authority, DNR, DOTD

Private sector

x Numereus prvate firms and expert consultants
Academia

a LSU;, UrCelorado, Netre Dame, Ohio State, UNO;, MITF, many.
others

IRtErRatienal EXPERLS
a Netherands; Japan

NGOs
s DU, Lake Pont. Foundation, CRCLA, many: others




Possible Lake Pontchartrain Basin Barrier System

Lake Pentcharirain

~ Possible Barrier
Alignment

Lake Borgne

A system of restored wetlands, stronger levees, and surge barriers east of New Orleans may offer the best approach for protecting
communities around the Pontchartrain basin.




Coast Optmns & Ideas 3
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Coast Options & Ideas 2

| restore lami T3 reroute river
iouma ' ’ \ restore l'.“‘ llrll:lg.| ~ ) American Bay diversion =

| sediment pip. line .m"“ FI?.M* veestablixh marsh | “1_
i Openings across levees |

& \ \
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| restore ridge

| maintain barrier (;_\'yt.!rl reefl

' reestablish lake boundaries

rextore sedim ent fransport

Barvier Island restoration

Barrier Island restoration |




Coast Options & Ideas 1

Rebuild ridge
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Analytical, Technical & Engrgl Failures

= Datum and subsidence issues

= Dynamic information on hurricane intensity and
frequency

= Technology advances for modeling storm surge
= Contemporary consideration of structural reliability

= Emerging information on implications of Gulf wetlands
loss

XISk & Reliapnity. Nelther a system-wide: consideration
of residual risk; ora deliberates treatment ofi system
reliability Isstes are evidenced in record. Lithe fecus 6:

Considening and evaluating implications ofi sk and
reliabiliy during lerative: design changes
Communicating residual risk-and petential
conseguences te stakehnolders/punlic




Implications for IHR-VII/ICHARN 7

Wihat are the scientific/technical Issues that jump
eU of the Katrna event? Eer ICHARN 2

Eloed warning/evacuation/recovenry: planning

RISKk-COSt hased standards; Vs. deterministic
standards (PME;, PMH, SPE or .01, .001; .0001)7?

Risk: analreliability: analysis & communication

Role of puklic participatory’ PreCESSES In decision
making anal setting ol safety standaras

Role: o gevernance/instittitions/Censensus
Ethicall standards and ebligatiens of engineers
Basic Geotechnical engineering technology




Thank You




Questions?
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Figure 3. General schemabc of major humcans protection structures used in Mew Orleans and vicinity



17th Street Canal Breach

* Deflection of l-wall by surge/'waves

* Full hydrostatic pressure along wall

| .
C EEﬂEﬂhﬂ“ and splits levee into two blocks
ressure

* Weaker clay at levee toe causes
failure in subsurface clay layer

Movement

[:nnﬁaijun in [:Eﬂtr.ifge Displacement of wall and part of levee

Figure 17. Depiclion of faillure mechanism for 17th Street and IHMNC fowndation failures. A crack forming
alomg the front of the l-wall introduced high forces down the face of the shesipile, resulling in
lateral movement of the flocdwall along a shear plans in the weak clay foundation



Emergency Repairs to Damaged Inner Harbor Navigation Canal Floodwall

Alfhough construction of the Imner Harbor Navigation Canal T-wall proceeded at a rapid pace fo restore protection for Orleans and
St. Bernard Parishes after Hurricane Katrina, paris of the cify and region remain vulnerable fo large storms.




Independent Working| Group fior: Post-

Hurricane: Planning for Coastall LA (IWR)

SANENW EramEWerksor Planning the Eltlie o Coastal
EGUISIaaraieFtENE BIFICERESTORZO0S A 265 2006

Protection; fior NO cani only be: securedi firom: comho of
levees and sustainanble coastalilanascape

Most coastal landscape: can be maintained thrlend
eff 2100 with| efficient mgmt ofi SEdiment FreseuUrces

Must integrate planningy, Investment and mgmt
@ecisiens URder a new: multichjective firaneweolik

Prioxity ecorestoration chiolces ofi LA shouldibe
revised! to support storm danmage: reduction

Develop a spatially’ explicit vision: of a future coastal
LA that Includes leng-term goals and eppertunities




Cont'd

“Dutch” pretection medel may not e applicanle in
LA — focus on streng Inner defenses, marsh restor-
atien and harrer islanaimaintenance

Integrated: planning should account for disruptien of
coastall dyramics; frem navigauen projects

/nGepenaent, |eInt federal-state vedy should have
respensipility’ and fiscal stpport fier guiding planning
and Implementation

Authenzatien anad financing should velseparate o/
Water Reseurces Develepment Act process

Empley innovative planning and decision analysis,
engage stakeholders andagencies, resolve conflicts




Charles Perrow: (1999)
“Normal Accidents: Living With High Risk Technolegies”

Mest NIghErSK SsysStems; ave: chiaracterstics that make failures
Inevitakle — almest “normal*

Systems Withrniany: cempenents (‘/ateractive complexity’) are
likely te fail from Unanticipated combinatiens; ofi falures

gty coup/ed: systems: are: these that ave: Righ Interactive
complexity anel eperate/meyve Very fast — time-dependent -
reducing reaction time te) detected fallures

Systern ace/aents ane riare, but usually, catastrophic

Organizational'anadl technological fixes usually exacerbate
complexity.

Katrina’ Is an example of a system failure: both the HPS
and the evacuation plan are tightly coupledand have a high
degree of complexity.




Eiering & Kindler: a taxonemy: ofi SUrprises

Structural surprise - collapse off a component

Embedded surprise -system errors
Hydrelegic surprise- change Inrcatchment
Institutional surprise — shift In system operation
Infermatienal surprise - disruption: of crucial Inioe
Viechanistic surprise - not understanding response

10 Stresses
Demandisurprise - outside the range off expectation

Minlimize likellllood o1 sUrpIise ana/or eptnilize
Systeni aesign. characteristics 7




