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A fheng bost v the St Bervand Parnh fown of Debacrons.
Lowruona on Asgunt i 2004 Ity wetiandy bofternd by snengy
developeserd and robbed of rver sedement due % levees, mosl
N -twwee resadents ded ot retvrn offer Harvw ane Katrews »
2008, (Fdowand [ Fountain,/ ProPublica/The | ses)

Lioyd "'Wimpy~ Serigne grew wp Just 30 mules from
New Orleans, but has fest language was Spanish.

His hoeetowsn was DIDSSERGINING. 2 village of
some 700 people descended from a group of Spanish
setthers who acrived in the late 1700s. Locals calied
them [leson, for the Canary Mlands that they left.
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“We've Just Loaded Up the Gun”
The risks to low-lying cities have grown
along with their booming populations.

NASSAU BAY — As Hurricane (ke Sarreled towaed
the Texas coast. John Nugest thought he could ride
It out Then a friend in emergency management
told his, “you need to leave, Becaue your Be i
foing to be In jeopacdy.”

Dugeas thees Just blocks trom [l @ Clear Lake 2
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“We've Just l.ndd Up the Gun”
The risks to low-lying cities have grown
along with their booming pepelations.

NASSAU BAY — As Hurricane [ke Barreled towacd
the Texas coast. John Nugest thought he could ride
It out Then a friend in emergency management
At (08 Bae it s o Ay bt b Ramah Bn b b WAL GO wmwwnmmmm.
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Lioyd "'Wimpy” Serigne grew wp Just 30 mules from
New Orleans, but his vt language was Spanish,

His hoeetown was QINSEOEINIENG. 2 vilage of
some 700 people descended from a group of Spanish
setthers who acrived In the late 17oos. Locals calied
them [sleso, for the Canary blands that they left.




. Changing Louisiana shoreline-

Shoreline surveys done after the 2005 hurricane
season showed that storms, erosion, subsidencé and

» other factors had changed the coastal landscape. The
first of several announced results of this work takes
31 place nam s off National Oceanic and Atmo-

¥h spheric Administration charts.
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*Historical and Projected Land Loss in the Deltaic Plain
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* The Land Loss between 1932-2000 is historical.
The Land Loss between 2000-2050 is projected
based on Mstorical trending ¥ no further action is
taken as docwmented in the "Mistarical and

Coastal Loulsiana Land Changes: 1978-2050"
(www.Lacoast. goviLandLoss/Newiistoricalland. paf)
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" by Bob Marshall The Lens, Brian Jacobs and Al Shaw, anwu

In 50 years, most of southeastern Loulsnaria not
protected by levees will be part of the Gulf of Mexico.
The state is losing a football field of land every 48
minutes — 16 square miles a year — due to climate
change, drilling and dredging for oil and gas, and
levees on the Mississippi River. At risk: Nearly all of
the nation’s offshore oil and gas production, much of
its seafood production, and millions of homes.
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Louisiana is
drowning, quickly.

In just 80 years, some 2000 square
miles of its coastal landscape have
turned to open water, wiping places
off maps. bringing the Gulf of
Mexico to the back door of New
Orieans and posing a lethal threat to
an energy and shipping corridor
vital to the nation’s economy.

And It's going to pet worse, even guicker

Schmtists now sxy one of the greatest savironmental
and econom i disasters In the nation s history s
rushusg toward A catastrophic conclusion ever the
et SO yeary, 10 far snabated and larpely unnotiond

Al the currest rates that the ses is rising and land
gning Natwonal Oceanic and Atmospheri
Adrninstration schentints siry by 2000 the Gulf of
Mexico could rise as much as 4.3 feet acrom this
landscape. which has an average slevation of about 3
foet. M that huppend everything cutside the
peotective levees — most of Socutheast Lowsana —
woule be underwater
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Louisiana is
drowning, quickly.

In just 80 years, some 2000 square
miles of its coastal landscape have
turned to open water, wiping places
off maps. bringing the Gulf of
Mexico to the back door of New
Orleans and posing a lethal threat to
an energy and shipping corridor
vital to the nation’s economy.

And It's going to pet worme, even guicker

Schmtists now sxy one of the greatest avironmental
and econom s disasters In the nation's history s
rushuing toward & catastrophic conclusion ever the
next SO yeary, 10 far snabated and Larpely urnotiond

Al the current rates that the ses is rising and land
gning National Oceanic and Atmospheri
Adrninistration schentions siry by 2000 the Gulf of
Mexico coulid rise a8 much an &) feet acrom this
landscape, which has an average slevation of about 3
foet. 2 that huppend everything cutside the
peotective levees — most of Southeast Lowsana —
woult be urderwater
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Louisiana is
drowning, quickly.

In just 80 years, some 2000 square
miles of its coastal landscape have
turmned to open water, wiping places
off maps. bringing the Gulif of
Mexico to the back door of New
Orieans and posing a Jethal threat to
an energy and shipping corridor
vital to the nation’s economy.

And It's poing to pet worse, even guicher.

Schmtists now syy one of the greatest avironmental
and econom i disasters In the nation's history s
rushisg towmard a catastrophic conclusion ever the
next SO yeary, 10 far snabated and larpely unnoticnd

Al the currest rates that the ses is rising and land
gnking National Oceanic and Atmospheri
Adeninistration sciestisns siry bry 2000 the Gulf of
Mexico coulid rise a5 much as o) feet acrom this
landscape, which has an average slevation of about 3
foet. I that huppend everything cutside the
pestective levees — most of Soue beast Lowsany —
woule be underwaner
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Louisiana is
drowning, quickly.

In just 80 years, some 2000 square
miles of its coastal landscape have
turmed to open water, wiping places
off maps. bringing the Gulf of
Mexico to the back door of New
Orleans and posing a lethal threat to
an energy and shipping corridor
vital to the nation’s economy.

Ard It's going to pet worme, even guicker

Schmtists now syy one of the greatest avironmental
and econom s disasters in the nation's history is
rushuing toward & catastrophic conclusion ever the
et SO yeary, 10 far snabated and larpely unnoticnd

Al the currest rates that the ses is rising and land
snking National Oceanic and Atmospheric
Adeiristration sciestisns siy bry 2000 the Gulf of
Mexico coulid rise a5 much a8 o) feet acrom this
landscape, which has an average slevation of about 3
foet. M that huppend everything outside the
pestective levees — most of Sout heast Louisana —
woule be underwater
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USGS

science for a changing world

Land Area Change in Coastal Louisiana from 1932 to 2010

By Brady R. Couvillion, John A. Barras, Gregory D. Steyer, William Sleavin, Michelle Fischer, Holly Beck, Nadine Trahan, Brad Griffin,
and David Heckman

ZUSGS Abstract

e First posted June 1, 2011

Coastal Louisiana wetlands make up the seventh largest delta on
Earth, contain about 37 percent of the estuarine herbaceous

e marshes in the conterminous United States, and support the
largest commercial fishery in the lower 48 States. These
wetlands are in peril because Louisiana currently undergoes
about 90 percent of the total coastal wetland loss in the
continental United States. Documenting and understanding the
occurrence and rates of wetland loss are necessary for effective
planning, protection, and restoration activities.

Downloads Directory

Refer to the readme file for more
information.

The analyses of landscape change presented in this report use
historical surveys, aerial data, and satellite data to track
landscape changes. Summary data are presented for 1932~
2010; trend data are presented for 1985-2010. These later data
were calculated separately because of concerns over the . ) )
comparability of the 1932 and 1956 datasets (which are based For additional information
. . . contact:
on survey and aerial data, respectively) with the later datasets

(which are all based on satellite imagery). USGS National Wetlands Research

Center
These analyses show that coastal Louisiana has undergone a net 700 Cajundome Blvd.

change in land area of about -1,883 square miles (mi?) from 1932 to 2010. This net change in land area Lafayette, LA 70506
amounts to a decrease of about 25 percent of the 1932 land area. Persistent losses account for 95
percent of this land area decrease; the remainder are areas that have converted to water but have not
yet exhibited the persistence necessary to be classified as "loss.” Trend analyses from 1985 to 2010 show

a wetland loss rate of 16.57 mi? per year. If this loss were to occur at a constant rate, it would equate to Part or all of this report is presented in
Louisiana losing an area the size of one football field per hour. Portable Document Format (PDF); the

hitp://WwWW.NWrc.usqs.qov/
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5 EXPLANATIO

. @@ 1932-56 land gain
f‘}’_ @ 1956-73 land gain'*
*1 @ 1973-75 land gain'*
i @ 1975-77 land gain'*
@D 1977-85 land gain'*
@ 1985-88 land gain'
@ 1988-90 land gain'
é @ 1330-55 land gain
o~ @ 1995-98 land gain'
" @ 1998-99 land gain'
E @ 1998-2002 land gain’
@ 2002-4 land gain’
@ 2004-6 land gain'
@ 2006-8 land gain’
@ 2008-8 land gain**
@ 2003-10 new land'
@ 1932-56 land loss?
@ 1956-73 land loss**
@ 1973-75 land loss**
@D 1975-77 land loss**
@) 1977-85 land loss*
) 1985-88 land loss?
) 1988-90 land loss?
) 199095 land loss?
@ 1995-98 land loss?
@D 1998-99 land loss®
@ 1993-2002 land loss?
@ 2002-4 land loss?
@D 2004-6 land loss®
@ 2006-8 land loss?

@ 2008-9 land loss™*
@ 2003-10 new water?

http://pubs.usgs.gov/sim/3164/
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Buras
Fishing in the land of used-to-be’s
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Ryan Lambert, 56, owner/operator of Cajun Fishing
Adventures in Buras, Louisiana, stands in front of the pilings
that are the only reminders of what once was a row of fishing
camps surrounded by thick marshes. (£llis Lucia for
ProPublica/The Lens)

As late as 2013, those heading to the Gulf of Mexico
from ©BUFas would have to boat across [QBay

| PommeDOE. 0 English Bay. @ Bay Jacquin.
. | 9Cyprien Bay and ©ScofieldBay before reaching

his destination.

_ Ryan Lambert, fishing quide: Saltwater
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Buras
Fishing in the land of used-to-be’s

.-
Ryan Lambert, 56, owner/operator of Cajun Fishing
Adventures in Buras, Louisiana, stands in front of the pilings
that are the only reminders of what once was a row of fishing
camps surrounded by thick marshes. (£Ellis Lucia for

ProPublica/The Lens)

As late as 2013, those heading to the Gulf of Mexico
would have to boat across @ Bay

0 r. 9 English Bay. 9 Bay Jacquin.

9 Cyprien Bay and 9 Scofield Bay before reaching
his destination.

« Point of interest
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ORIGINAL PAPER

Vulnerability of an industrial corridor in Texas to storm
surge

Daniel W. Burleson * Hanadi S. Rifai * Jennifer K. Proft *
Clint N. Dawson * Philip B. Bedient

Received: 18 September 2014/ Accepted: 3 February 2015/ Published online: 12 February 2015
L Spninger Science+Business Media Dordrecht 2015

Abstract A conceptual framework for evaluating the vulnerability of industrialized
coastal regions to storm surge was developed and implemented to evaluate the vul-
nerability of the Houston Ship Channel Industrial Comidor (HSC-IC) in Texas to storm
surge. In the study, Humicane Ike scenanios were modeled with SWAN + ADCIRC that
involved changing the landfall location of the hurricane along the coast and incorporating
the effect of increased wind speed. The storm surge data from the vanious landfall sce-
narios were cross-linked with geospatial and environmental data associated with facilities
within the industnial region. This work uniquely combines the potential releases from
storage tanks, records of past historical releases, and risk management planning to char-
actenze environmental vulnerabilities using storage information and geospatial data. The
resulting framework for vulnerability implemented within the HSC-IC found a relationship
between storm surge and the total area inundated at a given storm surge level and between
storm surge and the total number of storage tanks. Using the developed framework, it was
possible to combine releases from storage tanks, records of past historical releases, and nsk
management planning to charactenze environmental vulnerabilities on a facility by facility
basis and for the modeled surge levels.

Keywords GIS - Hurricane - Risk management - Environmental impact
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Lone Star State Metro Areas Lead U.S. in Population Gain

Numeric F‘rpu ation Change
from July 1, 2014 to July 1, 2015

Houston, TX e 159,083
Dallas-Fort Worth, TX GGG 144,704
Atlanta, GA 95,431
Phoenix, AZ 87,988
New York, NY-NJ-PA 87,186
Los Angeles, CA 85,671
Miami, FL 75,231
Washington, DC-VA-MD-WV 63,793
Seattle, WA
Oriando, FL Y SSSsssEEESSSSSaAGe
San Francisco-Oakland, CA
Denver, CO
Tampa-St. Petersburg, FL
Austin, TX I
San Antonio, TX I
Riverside-San Bernardino, CA
Charlotte, NC-SC
Las Vegas, NV
Portland, OR-WA
Nashville, TN
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Nat Hazards (2015) 77:1183-1203

Max Surge (m)
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Point 5
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Point 8

Fig. 3 Landfall locations for SWAN 4+ ADCIRC modeling of Hurricane lke. The solid black line
represents the original track of Hurricane Ike. The table shows the change in storm surge for the simulated
landfall locations of Hurricane Ike at the indicated point in the HSC-IC
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Characterizing hurricane storm surge behavior in Galveston Bay using & 4 205
the SWAN + ADCIRC model

Antonia Sebastian **, Jennifer Proft ®, |, Casey Dietrich ©, Wei Du ®, Philip B, Bedient *, Clint N, Dawson
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FIGURE E-1, MID-BAY GATE STRATEGY

Mid-Bay Gate Strategy

has a gate located at M, a
levee at E, and components
of the Coastal Spine at G,

O GALVESTON SEAWALL
© TEXAS CITY LEVEE

O TEXAS CITY DIKE

O DREDGE SPOILS

@ RAISED HIGHWAY 87

O RAISED FM 3005
© GALVESTON LEVEE

© MID-BAY GATE

Coastal spine system - interim design report
June 2015

Bolivar Roads storm surge barrier
- A Navigation Barrer
A: Environmental barrier

Land barrier Galveston Seawall

C: Bokvar Peninsula land barrier

» C; Galveaton lsland land bacrier
C) Bluewater land basrier

@ San Luls Pass storm
surge barrier

Authors: S.N. Jonkman (TU Deft), K.T. Lendering (TU Deft), E.C. van Berchum (TU Delt),
A. Nilesen (D.efac.to), L. Mooyaart (RHDHV), P.de Vries (RHDHV), M. van Ledden
(RHDHV), A. Wikems (1v Infra), R. Nool (Iv Infra)

Date: June 20, 2015
Version: 0.6 (Fhal Draft)
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DAWSON AND PROF1

Figure 5.4, The ADCIRC
Model Texas Grid.
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Experts want better protections

Murphy Oil's tank wasn't the only one to fail in
2005, and it didn't even cause the largest spill; tanks
damaged during Hurricanes Katrina and Rita
caused more than 8 million gallons of oil to spill in
Louisiana, Mississippi and Texas, according to
government estimates.

Some tanks on the Houston Ship Channel were
even damaged during Hurricane Ike in 2008 though
the storm surge was far smaller than originally
anticipated. About 15 feet of water covered the

eastern part of OWW oll
storage terminal in . right on the
Ship Channel. the company reported to the Texas

Commission on Environmental Quality.

The storm surge and high winds caused damage to
several tanks and a spill of nearly 1 million gallons
of oil. Some was recovered. but about 300,000
gallons were released into the Ship Channel and
“lost at sea,” Magellan reported. (The spill didnt
appear to impact any homes or businesses in
Galena Park)

“As a communiry, it would be good if we could come together and
have a discussion about” the issue of storage tank safety. said
Deer Pack resident Jana Pellusch, who has worked at Shell since

Asked about its hurricane preparedness. Magellan
spokesman Bruce Heine sald that the company has
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16 Mowrs before Psadtawl Storm makes jand?al
Landfall |
Storm Scenarios Proposed Solutions
See fiood levels for a location im Mouston « Oear Lake *cn..n.u..m... Ship (harmel « ['"]
“Intro T Pres 36 Mid-Bay Spinel  Spine2 B 2703 Strand 5t Gaveston, TX some storm protection to ships, tankers, barges and

the facilities they serve. Shipping experts describe
the geography as a big advantage over other ports
that sit directly on the coast.

With its own deepwater port, Houston quickly
gobbled up Galveston's shipping activity. and its
population boomed. Today, the city has nearly 50

times more people than it did 100 years ago.

\ T Meanwhile, Galveston's population is scarcely
| larger than it was back then, with less than
50,000 full-time residents today.

In the century since the Great Storm, the island has
been walloped by eight more hurricanes that have
killed hundreds of people, forcing Galveston into an
almost constant state of repairing and rebuilding.
The last time was in 2008, when Hurricane lke
nearl:=destroyed the city all over again

"’ ‘ Play Hurricane ke ’

\ __J

Outsiders — even insiders — often talk about it as a
aty tistchauldn't avist. Of the 10 harrierisignas
and peninsulas on the Texas coast, it is the only one
with a sizable population of permanent residents.

More than 23 percent of Galveston’s residents live
at or below the poverty line. That is notably higher
than the state’s overall poverty rate of 17.6 percent,
though not much worse than Houston's (229
percent).

While Galveston has slipped from prominence, it
has become the state’s go-to summer getaway spot,
and tourism is key to its economy.

Abaut the Baps | Flood kevels in top chart taken a Galveston Stzaad | Soweces NOAAGOES. USGR/NASA Landsat, SSPEED
Covtar a1 Rice Unbversity, Usiversty of Teaas laatitute for Computational Trguwerng and Scunces, Unversity of Houston Degt
of Ol and Envvissnemenial Engineering Tesas ASM Gadveston Inatituie for Sestainable Comtal Communition. Jackaon Suae

« Existing Storm Protection Unhversity'Constal Hazards Center. Harris County Appesnal Distrect. U S Ceroun
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See flood levels for a location in Houston
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12.1 ft.

averaged over 231 sq. meters
in the storm simulation.




pre Flood Level Storm makes landfall
(Without Solution)
Storm Scenarios Proposed Solutions

® © 5 ¢
lke

P7 P7+15 36

« Back to Greater Houston

Mid-Bay System vs. [+
Mighty Ike

To protect the Houston/Galveston
area against a storm like Storm
P7+15 (“Mighty Ike®), the SSPEED
Center at Rice University has
proposed a series of barriers along
Galveston Island and Galveston Bay.
The centerplece of the proposal Is a
gate across the bay from Clear Lake
that would prevent storm surge
from entering the bay. The center
estimates this project would cost
about $2.8 billion.

See flood levels for a location

Ex: 2323 Strand St, Galveston, TX
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Storms:
* Hurricane lke (2008)

* Hurricane lke @ "point 7"
 Hurricane lke @ "point 7" +159,
+ "Storm 36" (another model)

* lke-p7+15 with Mid-Bay

* lke-p7+15 with Spine

+ "Storm 36" with Spine

'ashaw@iMac-22 ike $ 1ls —-lah | arep fort.63
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Solution: Images as databases

R = above/below sea level flag
G = depth (before decimal)
B = depth (after decimal)




Solution: Images as databases

R = Wind X

A=WindY

G = Depth (before decimal)
B = Depth (after decimal)



x

Info =
R: 127 R: 127
#£ G: 2 &£ G: 2
B: 71 B: 1
8-bit 8-bit
e 279 w:
_|_v "y (i 346 I" H:

Doc: 768.0K/768.0K

Click and drag to move layer or selection
constrained to 45 degree Increments.

elevation = G + B/ 255
If (R==0) depth *=-1

elevation = 2.2/ meters
above sea level



elev = 2.43 MASL

surge = (G + B/ 255) - elev
surge = 4.38 meters

surge = 1.95 MASL
(at this point in the storm)







VERTEX_SHADER = <<~GLSL
#version 120

attribute vec3 position;
attribute float water_height;
attribute vec2 wind;

varying float height;
varying vec2 w;

void main() {
gl_Position = gl_ModelViewProjectionMatrix * vecd(position.xy, 0.9, 1.0);
height = water_height;
w = wind;
}
GLSL

FRAGMENT_SHADER = <<-GLSL
#version 120
varying float height;
varying vec2 w;

vecd pack_depth(const float depth, vec2 w) {
float r, g, b, a;

r=w.x;

a=wy;

g = floor(abs(depth)) / 255.;
b = fract(depth);

return vecd(r, g, b, a);

}

void main() {
S gl_FragColor = pack_depth(height, w);

GLSL

Pack: Ruby/OpenGL

float unpack_depth(const vec4 rgba_depth) {
float depth = rgba_depth.g * 255.;
depth = depth + rgba_depth.b;
if (rgba_depth.r == 0.) {
depth *= -1.;
}
return depth;
}

float unpack_surge(const vec4 data) {
float depth = data.g * 255.;
depth = depth + data.b;
return depth;

}

Unpack: JavaScript/WebGL
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® ..if that storm had been stronger, it would have Gl
7* devastated the Ship Channel, killed thousands,
and crippled the economy.

If that storm had 15% stronger winds than Ike
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HELL AND HIGH WATER

Sen. Cornyn Files Bill to
Speed Texas Hurricane Study

The Texas senator has proposed a bill to speed up the process
of protecting Houston from a devastating hurricane.

HELL AND HIGH WATER

U.S. Rep. Weber Says He’ll
Work on Bill to Speed
Hurricane Protection Plan

The Texas Republican will introduce a companion to a Senate

bill filed this week seeking to expedite a hurricane protection
plan for Houston.
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Once self-sufficient. now endangered

; - .
- ﬂgﬁ i

A Suheng bost @ the St Bernand Parah town of Debacrons.
Lowrvono on Asgunt R 2004 Ity wetiand baffernd by sevgy
developeserd and robbed of rrver sedement due % levees, mosl
N Cume resadlents dod ot retvrn offer Hurrcane Katren »
2008, (Fdownd 0 Foundaun, Profubica/The [ ses)

Loyd "Wimpy™ Serigne grew wp Just 3 mules from
New Orleans, but b fewt language was Spanish

His hometows, was QDRCrOR AN 2 v lage of
some 700 people descended from a group of Spanish
setthers who acrived In the late oo Locals called
them [slenct, for the Canary hlands that they kit
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“We've Just l.ndd Up the Gun”
The risks to low-lying cities have grown
along with their booming pepelations.

NASSAU BAY — As Hurricane [ke Barreled towacd
the Texas coast. John Nugest thought he could ride
It out Then a friend in emergency management
At (08 Bae it s o Ay bt b Ramah Bn b b WAL GO wmwwnmmmm.
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Al Shaw
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