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We looked out of the window, and of all of the homes that
were between our house and the beach, not one was left. It
is just a clean sweep, nothing but desolation. . . . we could
not see the water from our house before this storm.

. . . Sarah Littlejohn, following the 1900 Hurricane

(Bixel and Turner. Galveston and the 1900 Storm. Univ. of Texas Press, 2000) april 9, 2009 NHC



MAT Mission

= Conduct forensic engineering analyses

= Recommendations to communities, states and
organizations/agencies

= Improve construction codes and standards, designs,
methods, and materials

April 9, 2009 NHC



Products

lke MAT Report

(400+ pages)

= 46 Specific
Recommendations

= 8 Recovery Advisories

(3-9 pages w/specific

target)

Mitigation Assessment Team Report

Hurricane Ike in Texas
and Louisiana

Building Performance Observations, Recommendations,

and Technical Guidance

FEMA P-757 / April 2009 / NHC 2009 Release

HURRICANE IKE

April 9, 2009 NHC



MAT Recommendations

= 46 Specific Recommendations
— 21 Residential
— 11 Critical Facilities
— 14 Further Studies and Standards/Codes Revision

= Some recommendations that will be highlighted:
— 3 feet of freeboard until new DFIRMs in place
— Foundation scour and erosion guidance needed
— Vulnerability assessment of critical facilities

= Please ask questions

April 9, 2009 NHC



Recovery Advisories

— Attachment of Brick Veneer in High-Wind Regions

— Design and Construction in Coastal A Zones

— Designing for Flood Levels Above the BFE

— Enclosures and Breakaway Walls

— Erosion, Scour, and Foundation Design

— Minimizing Water Intrusion Through Roof Vents In
High-Wind Regions

— Metal Roof Systems in High-Wind Regions

— Siding Installation in High-Wind Regions

HURRICANE IKE April 9, 2009 NHC
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MAT Deployment
= Small team goes out first (pre-MAT)
= Gather information

= (GO0 or no go decision

= |ke MAT activated, 3 main teams deployed 1 month post-lke
— Louisiana Flood
— Texas Flood
— Texas Wind

= Some teams split up for special assignments
— Houston CBD

— Revisit homes from 1990 TTU/SBCCI study
— Investigate performance of mitigation projects (HMGP, ICC)

April 9, 2009 NHC



Pre-MAT

6 people deployed to
field within 5 days

Ground and aerial
Inspections
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October 2008: 20+ people deployed for > 1 week

Assisted by local builders, engineers, facility managers
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MAT “Borrows” from Others

= High Water Mark Surveys (HCFCD,
USGS, FEMA)

= Wind Speed Measurements and
Models (NWS, others)

= Aerial Imagery (NOAA, others)

= Other Field Investigations, e.g.,
ASCE-COPRI

April 9, 2009 NHC
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IKE FLOOD LEVELS

Although data reviewed by the MAT indicat-
ed that the area flooded by |ke exceeded
the Effective Special Flood Hazard Area
(SFHA), and lke wave crest levels exceed-
ed the Effective Base Flood Elevations
(BFEs) by up to approximately 5 feet in east
Texas and southwest Louisiana, lke flood-
iIng should not be considered a rare event.
A new flood study begun before lke will
likely show lke flood levels to be below the
new BFEs for much of the affected area.

April 9, 2009 NHC
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The MAT had excellent

cell phone coverage on

Bolivar Peninsula, 6
days after lke

April 9, 2009 NHC
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lke Lesson 1: Elevate Residential Structures

Observation: Ike Flood Levels reached 2-5 ft above
the BFE across much of the study area

Pre-FIRM and low didn’t have a chance
L SO £

Y
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lke Lesson 1: Elevate Residential Structures

Observation: Ike Flood Levels reached 2-5 ft above
the BFE across much of the study area

= Many Zone X homes were flooded

Zone X,
nearest BFE
= 4 ft below
flood level

April 9, 2009 NHC
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lke Lesson 1: Elevate Residential Structures

= Observation: Ike Flood Levels reached 2-5 ft above
the BFE across much of the study area

= Homes elevated several ft above BFE survived

BFE = 16 ft NGVD,
Floor at 21.5 ft

Floor at +/- BFE

April 9, 2009 NHC



Prior Storms

Damage due to
wave and flood loads
on foundation

.
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Recovery
Advisory on
Designing
for Flood
Levels
Above BFE

Designing for Flood Levels
Above the BFE

&

8 FEMA

G http://www.fema.gov

HURRICANE IKE RECOVERY ADVISORY

Purpose: To recommend design and construction practices that reduce the likelihood of flood damage in the
event that flood levels exceed the Base Flood Elevation (BFE).

Key Issues

- BFEs are established at a flood level, including wave effects, that has a 1-percent chance of being equaled
or exceeded in any given year, also known as the 100-year flood or base flood. Floods more severe and less
frequent than the 1-percent flood can occur in any year.

« Flood levels during some recent storms have
exceeded BFEs depicted on the Flood Insurance Rate
Maps (FIRMs), sometimes by several feet. In many
communities, flooding extended inland, well beyond
the 100-year floodplain (Special Flood Hazard Area
(SFHA)) shown on the FIRM (see Figure 1).

- Flood damage increases rapidly once the elevation of
the flood extends above the lowest floor of a building,
especially in areas subject to coastal waves. Ina V
zone, a coastal flood with a wave crest 3 to 4' above
the bottom of the floor beam (approximately 1 to 2

feet above the walking surface of the floor) will be Figure 1. Bridge City, TX, homes were flooded during Ike, even
though they were constructed outside the SFHA and In Zone
B. The flood level was approximately 4' above the closest BFE.

sufficient to substantially damage or destroy most
light-framed residential and commercial construction
(see Figure 2).

- There are design and construction practices that can
eliminate or minimize damage to buildings when flood
levels exceed the BFE. The most common approach
is to add freeboard to the design (i.e., to elevate the
building higher than required by the FIRM).

« There are other benefits of designing for flood
levels above the BFE: reduced building damage and
maintenance: longer building life; reduced flood
insurance premiums; reduced displacement and
dislocation of building occupants after floods (and
need for temporary shelter and assistance); reduced
job loss; and increased retention of tax base.

L3 A LANTE > \® -
+ The cost of adding freeboard at the time of home Figure 2. Bollvar Peninsula, TX, V-zone house constructed with
construction is modest, and reduced flood insurance  the lowest floor (bottom of floor beam) at the BFE (dashed
premiums will recover the freeboard cost in a few line). The estimated wave crest level during Ike (solid line) was
years time. 3 to 4' above the BFE at this locatlon.

How High Above the BFE Should a Building be Elevated?

Ultimately, the building elevation will depend on several factors, all of which must be considered before a final
determination is made:

Designing for Flood Levels Above the BFE March 2009 Page1of 8
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MAT Recommendation: Freeboard

Effective Zone V Effective Zone A Effective Zone X

-t - -~ =
Sea Level
Limit of Base Flood
and Waves
Shoreline
Zone V Recommended Recommended Recommended

Coastal A Zone Zone A Zone X

et} | ot ] -t | | |

Recommended BFE

————
_

- —

Freeboard*
Sea Level

-
-
e ——

Freeboard*

* Freeboard = ASCE 24-05 freeboard above Effective BFE +3 feet.
Shoreline Freeboard = ASCE 2405 freeboard above [new) Effective BFE (after new DFIRMs are cd%

—
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But Adding Freeboard is Too Expensive. ..
No-One Does It

April 9, 2009 NHC



2006 Study
Demonstrated
Freeboard Is
Cost-Effective

(search FEMA web site
for “NFIP Evaluation”)

-

Evaluation of the
National Flood Insurance Program'’s
Building Standards

Christopher P. Jones, William L. Coulbourne,
Jamie Marshall, and Spencer M. Rogers, Jr.

Christopher Jones and Associates

Octaber-2006

\

|

\

2 Prépored_nndersubconfrcd‘to’?he-Ameﬁcqn Immutes For Resedrch J
as part ofithe 2001 ‘2006 Evéruahon oFathe Noﬂqnalilood Insurance Prpgram
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2006 Study, Flood Damages Avoided Benefit:

V Zones: It Is almost always worth spending
an additional 2.0 - 2.5% of the at-BFE
construction cost, per foot of freeboard

Construction cost ~ 0.25 - 0.5% per foot

B/C>>1.0

April 9, 2009 NHC
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2006 Study, Flood Damages Avoided Benefit:

A Zones: It iIs almost always worth spending
an additional 0.5 - 1.0% of the at-BFE
construction cost, per foot of freeboard

Construction cost ~ 0.8 - 1.5% per foot

1.0<B/C < 1.0 (depends on scenario)

April 9, 2009 NHC
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A 2007 Survey showed > 60% of the 20,000
NFIP communities have a freeboard
requirement (0.5 ft to 3 ft). TFMA (May 2008)
survey results are available on-line.

The 2009 IRC will mandate 1 ft of freeboard In
V Zones and Coastal A Zones

April 9, 2009 NHC



Damage -- It Won’t Happen to Them

April 9, 2009 NHC
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2006 Study, Flood Premium Savings:

V Zones: an owner can recover freeboard
costs in 1-3 years through reduced flood
Insurance premiums

A Zones: an owner can recover freeboard
costs in <5 to >10 years

April 9, 2009 NHC



MAT Recommendation: Qutside SFHA

Effective Zone V

Effective Zone A

Effective Zone X

Effective BFE

-t

L

Sea Level
Limit of Base Flood
and Waves
Shoreline
Zone V Recommended Recommended Recommended
Coastal A Zone Zone A Zone X
et} Pt} 1 | ]

Recommended BFE

Effective BFE

——
——
-

- —

Freeboard*

-
-
e -

Sea Level

Shoreline

* Freeboard = ASCE 24-05 freeboard above Effective BFE +3 feet.
Freeboard = ASCE 2405 freeboard above (new) Effective BFE [after new DFIRMs are adopted).

April 9, 2009 NHC



MAT Recommendation: Coastal A Zone

Effective Zone V

Effective Zone A

Effective Zone X

-t

Effective BFE

o

Sea Level

Shoreline

* Freeboard = ASCE 24-05 freeboard above Effective BFE +3 feet.
Freeboard = ASCE 2405 freeboard above (new) Effective BFE [after new DFIRMs are adopted).

Sea Level
Limit of Base Flood
and Waves
Shoreline
'F\
Zone V Recommended Recommended Recommended
Coastal A Zone Zone A Zone X
et} =1 | ]
Recommended BFE
. Effective BFE
********* - _\\\_ Freeboard*
Freeboard* | T Tmmem——eeo
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Recovery

Advisory on

Coastal A
Zone

Design and Construction
in Coastal A Zones

FEMA

Mt . faTia g

Pul'pﬂm Ta recomimeard IJE'S-EH and constuction H'BL‘TES In cosstal areas whare wave and flocd conditions
during the bass food will be IS5 severs than In ' Zones, but still cauzs significant damage to typlcal ight-

frame construction.

Key lssues

« Recent poststomn Investigations have shown that
typlcal &-zone construction technlquas je g, wood-
frame, light galge steel, or masanry walls on shal low
footings of slabs, etz.) are subject to damage or
destniction when E‘:‘.FIJSEG 1o l2Es than 3" wawes,
whizh Is the current threshodd for Vzone canditions.

Coastal &-zone bUlldings that employ typical
resloential snd Iight commercial walls T levats and
SUppOMt Nabitsble space sbave the fiood level wil be
suszeptibk 1o fiood damage (Figure 1), Laboratory
1ests and recant Neld Investigations confim that
DI'EBHI'Q, W hEEI’I‘E as small as 1.5' will causs
fallre of these types of walls (Agure 2).

Qther facd Nazams associated With coastal waves
(8.8, Mating dedris, high velocity Now, erosion and
s20Ur) alse damage A-2ane typs construction In
coastal aneas (Fgare 3).

- National Fioad Insurance Program (MFIF) ficod hazard
mapping 15 genemally divided Into two categories, v
ard A zones. In cogstal areas, the Azone cate-ga'}'
20Ul be subdivided Into *Coastal & zone” and A

Coastal A Zone, Defined

Coeastal A Zone: arsa landward of a 'V 2one, or lardward of
an ap=n ooast without ﬂ'ﬂppﬁj W mores. In a Coastal A zone,
the principal soume of focding will be astronamical ties,
storm BLIZES, s2lches of tsunamis, not riverine TDI"I'E,
Cunng base ficad condtions, the patentis) for wave Nelghts
between 1.5 and 3.0° will exlst A1 st 2 1o 4' of stilkEter

QepEn 15 NECaESary L0 SUPROT NSE2 wave Neights.

Coastal A-zone deslgn and construction practicss desoribad
herain are not mandatad by the MAP, but are reccmmendad

for commLnities that wish to sdopt higher flocdpian

management standards. Community Rating System [CRS)
credits are avallable far doing 50, Mote that some Coastal

A-Pone practic=s may be reguined by the bermational

Agere 1 Falam of wood-mme wads 0sed [ support a coastal
Dutiding, which was subjacted to shalow Tooding, smald waves,
and Moating debis (Fovt Walton Beach, FL, Hwmhoans Opail

The Hurrizane ke Mmgﬂ'ﬂ!:ll'l Assessment Team
(MAT) cheserved small wave damage consistent
with Coastal A-zone conditions throughout

the area affect=d by Ik, INClUding portions of
west Galveston 131and (Figure 4), communites
siuated along portions of Gakeston Bay (FgJre
5), Orangs Courty (Figure B), and portions of
coastal Louksiana (Figure 7).

shimlis

Bullding Code®, through s reference to ASCE 24, Standard  Fln wew showing a CoestalA zone landward of a ¥

oy Food Resistanl Design and Conslruction.

Tons (soaroe: ASCE 24051

Tosign and Construction n Cogstd & Zonas

Tanuary 3000 Page Lui§
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lke Lesson 2. Use Strong & Deep Foundations

= Observation: Many foundations failed when lateral
loads exceeded column/pile capacity

April 9, 2009 NHC



lke Lesson 2. Use Strong

& Deep Foundations

Observation: columns of
surviving homes showed
numerous horizontal
cracks -- a result of lateral
flood loads on the
foundation and wind loads
on the elevated building

April 9, 2009 NHC



Observation: non-
breakaway decks caused
damage to columns when
decks failed

April 9, 2009 NHC



lke Lesson 2. Use Strong & Deep Foundations
= Observation: Many foundations failed due to lack of

embedment and/or scour/erosion

.' |I|ll!

TRim =

———

o BN

5
=
=
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lke Lesson 2. Use Strong & Deep Foundations

= Observation: scour and erosion far exceeded design
guidance

Scour hole was reported
to be 10 ft deep

,,,,,,

Design guidance
estimates scour around
pile = 2 x pile diameter

April 9, 2009 NHC



lke Lesson 2. Use Strong & Deep Foundations

= Observation: linear scour features follow roads,
canals

April 9, 2009 NHC



Recovery
Advisory
on Erosion,
Scour and
Foundation
Design

FErosion, Scour, and
Foundation Design ¥/ FEMA

HURRICANE IKE RECOVERY ADVISORY

Purpose: To discuss how any lowering of the ground surface can affect the ability of a building foundation to
resist design loads, and to provide additional guidance for coastal foundation design.

Key Issues

- Coastal buildings are often subject to flood loads
and conditions that do not affect inland buildings.
These include waves, high velocity storm surge
flow, floodborne debris, and erosion and scour. This Scour refers to a localized loss of soil, often
Recovery Advisory will focus on erosion and scour. around a foundation element.

See FEMA 499, Home Builder's Guide to Coastal
Construction (2005), Fact Sheets 11 through 15 at:
http://www.fema.gov/library/viewRecord.do?id=1570, and FEMA 55, Coastal Construction Manual (2000)
at: http://www.fema.gov/library/viewRecord.do?id=1671 for discussion of other foundation issues.

Erosion refers to a general lowering of the
ground surface over a wide area.

Foundations must transfer all loads imposed on the building into the ground. If the foundation is not strong
enough or deep enough to do this, the building will be destroyed. If the foundation embedment into the
ground is not sufficient to account for erosion and scour that may occur over the life of the building, the
building is vulnerable to collapse under design flood and wind conditions.

- Predicting the incidence, location, and magnitude of coastal erosion and scour is difficult, and present-day
building codes and standards do not prescribe clear-cut solutions for designers. Therefore, designers should
be conservative with their foundation designs. This means foundations may need to be stronger, deeper, and
higher than what has historically been used. Lessons learned from Hurricane ke and other recent coastal
storm events should be incorporated into foundation designs.

Erosion and Scour Basics

Erosion is defined by the International Building Code?® (ICC, 2006) as the “wearing away of the ground surface
as a result of the movement of wind, water or ice.” Section 7.5 of FEMA's Coastal Construction Manual
describes erosion as “the wearing or washing away of coastal lands.” Since the exact configuration of the soil
loss is important for foundation design purposes, a more specific definition is used in this Recovery Advisory
(see text box and Figure 1).

Original Original
Ground Ground

LEER R iR ALK LRl IR

AR AR S

Erosion Scour and Scour

Flgure 1. Distingulshing between coastal erosion and scour.A bullding may be subject to elther or both, depending on the buliding iocation,
soll characteristics, and flood conditions.

Eroslon, Scour, and Foundation Design January 2009 Page 1of 8
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Erosion, Scour Foundation Design

Affect Flood Affect
L_oads”? Embedment?
Erosion Yes Yes

Scour No Yes

April 9, 2009 NHC
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lke Lesson 2. Use Strong & Deep Foundations

= Does method of foundation design/construction, or
soll disturbance contribute to scour?

April 9, 2009 NHC
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It is unlikely all 5 buildings circled above had the same
foundation design or level of soil disturbance . ..

April 9, 2009 NHC



MAT Recommendation: Scour

= FEMA should assist engineers and codes/standards
organizations to develop new scour guidance based
on Ike knowledge

= FEMA should study foundation scour in detail
following future events

= Potential linear scour should be incorporated into
design and land development guidance/practices

April 9, 2009 NHC
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ke Lesso 3. Breakaway WII
Performance Can be Improved

April 9, 2009 NHC
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MAT Recommendation: Breakaway Walls

* Promote use of lattice/louvers
* Promote use of flood vents

E

April 9, 2009 NHC



A change to the May 2009 FIM
will rate V zone enclosures as
“free of obstructions” if they
are constructed with
louvers/lattice on all walls
except one (for garage door
or solid breakaway wall).

Current rating practice calls
this “with obstruction”.

V zone Flood insurance
premiums will drop
significantly with this change
(new construction and re-
rating of existing homes).

April 9, 2009 NHC



Recovery

Advisory on
Enclosures

and

Breakaway

Walls

Enclosures and Breakaway

Walls

HURRICANE IKE RECOVERY ADVISORY

Purpose: To discuss requirements and
recommendations Tor enclasures and breakawsy walls
bekow the Base Flacd Elevation (EFE).

Key lssues

Spaces helow alevated bulldings can be usad anly far
bulkding access, parking, and storage.

Areas enclosed by sold walls b2low the BFE
("enclosures”) are subject to strict regulation
urder the Natlnal Fieod Insurance Program (MFIP),
Mote that some izcal urisdictions enforce stricter
reguiations for enclosures,

Encloaures In V-zane bulldings must be breakaway
(rardreakawsy enclosures ae prohibied),
Bragkaway enclosunes In v 2ones must be bullt

with flocdfesistant materials, meet specific design
requirements, and be cartied by a reglstersd design
professional.

+ Enclosures (breakawsl and nondbrsaksiey) In Azone
bulkings must be bullt with fiood-resistant. materials
and equippad with Moo openings that alow water
Evels inslde and outske 1o aqualize.

+ Bregkaway BnclsuUe walls snould be considersd
experdatie, and the bullking owner could Incur
skgnificant costs when the walls are replssed,
Breakavay wall replacament ks not covered by the
Tood INEUERSE policy.

For V zones, breakaway wall enclosures b2low &n
alevated bulling will result n higher Aocd Insurance
premiums; however, surrourd INg b=low-EFE spacs
with Insect scresning, open lattices, slats, of shutters
{louwers) can result in ruch lower flood InsUrEnce

premiums | Figure 1), Use of these materials wil allow

ficodwaters 1o pass Into and cut of the enclossd

space and minimize damage to the anclicsure “walls.”

Althaugh net requirsd by the NFIR Installation of foed

openings In breakaway walls may also reduce damage

1o the walls.
Space Below the BFE — What Can It Be Used
For?

MAP regulations state that the area below an elevatad
bullding zan be used only for parking, bullding &ccess,

A

WARNING

Deslgners and owners should realize that:

(1) enclsures and Hems wihin them are
Ikgly 1o De destroyed even during minor fieod
events; (2) enclosures, and most kems within
them, are not covered by ficod Insurance and
can result In sign Mizant costs to the bulking,
oWner; &nd [3) even the presence of properly
constructed breakaway wall anclosures wil
Increaze fioad Insurance premiums for the
entire buliding (the premium rate will Increase
35 the enclosed ansd Noreasas), Including
enclosures In a bullding design can have
significant cost Implizations.

The Hurricare Ike Mitigation Azssssment

Team (MAT) abserved some breakawsy

walls In excess of 11 high. While FEMA
ProMmotes SEVEtNG NOMEs anove the BFE

{l.e., adding freaboard), ana of the unintanded
CONSEqUENCEs appears 1o be the noreasing
slz2 af Mlaodbome debrls elements due o taller
Dreakswsy walls,

Agore 4 Wosd famvers nstaled benesth on o kvated houss in
AV T0NS 3% A Good Wiemative £o Sold e sy wels.

Eni ki sum & and Broa kaway Wl

Tanmry 2008 Page 1uf 4
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lke Lesson 4: We Need to do a Better Job
Mitigating Residential Structures

MAT viewed 31 homes
that had been elevated
using HMGP or ICC
funds

Good News: none
sustained flood damage
during Ike

Bad News: many of the
homes lacked continuous [
load paths from elevated [l
home to foundation to :

ground; other problems
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lke Lesson 5: Elevate Critical Facilities

= Observation: Critical Facilities elevated above Ike
surge and waves on strong foundations survived

Elevated 10 ft above
grade, ke surge reached
5 ft above grade

Crenshaw Elementary
and Middle School,
Bolivar Peninsula
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lke Lesson 5: Elevate Critical Facilities

Many existing critical facilities are vulnerable

) $
a g, =
»_®. " e

Approximately 2/3 of the UTMB buildings had first floors below
lke’s 12.5 ft NGVD flood level; virtually all had equipment and
utilities below ground.
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lke Lesson 5: Elevate Critical Facilities

Criminal Justice
Complex Ike
flood at 6 ft
(18-24” depth)
Similar flooding
during Rita
(2005)

All utilities for
security and
communications
systems run
under the slab,
and were
damaged

Prisoners had to
be transferred.

1985 FIRM
classified as Zone C

Post-Rita map
shows ABFE =6 ft
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MAT Recommendations: Critical Facilities

New/replacement critical facilities should be located
outside the 500-yr floodplain, where possible.

Where not possible, elevate at least to 500-yr flood
level or to ASCE 24-05 freeboard, whichever is
higher

Executive Order 11988; other guidance

For existing facilities, evaluate vulnerability; raise or
floodproof critical components; relocate or replace
facility If necessary

Audit facilities for flood, wind and other hazards
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lke Lesson 6: We Need to do a Better Job with
Some New Ciritical Facilities - Case in Point

l*e)BouefRd
p=Mallardsl®n

~
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Pre-Rita Post-lke
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South Cameron Parish Hospital

= Constructed in 1963, 6 years after Audrey, with
floor elevation ~ 8 ft NGVD (several feet below
Audrey surge level)

= Destroyed by Rita in 2005 (storm surge at site ~

12-13 ft NGVD)

= Rebuilt in 2008, with top of floor elevation at
10 ft NGVD

= |ke water level was just below floor, utilities
were damaged
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15.0 feet NGVD = Preliminary
BFE, Zone V (March 2008)

Rita Surge Elev. —
- 12-13 ft NGVD 13.0 feet NGVD = BFE,
ﬁ Zone V (1984)
W [ ~ 10.0 feet NGVD = ABFE,
”II '/ ”l l J.. Zone A (2006) and Top of
= Floor Elevation
‘ -
‘. -
P

9.0 feet NGVD = BFE,
Zone A (1992)

o
Ike Water Level just
below top of floor
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Marsh Grass Trapped at Top of
Columns During lke

Piping and
Conduits
Replaced
Post-lke
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lke Lesson 6: We Need to do a Better Job with
Some New Critical Facilities

Case In Point: South Cameron Parish Hospital

= |t is not clear what, If any, influence the flood
history at the site had in choosing a site or the
floor elevation for the new facility

= The 2008 construction represents a missed
opportunity to truly mitigate at this site
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