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ABSTRACT
. . . : . ADDITIONALKEYWORDS : Bo-
Hurricane lke was one of the most damaging huresamstrike the United States. The livar Peninsula, Galveston, Surfside.

des_tructlon along the upper Texas coast is documen@ed by pre—storm and post St&rerl?)len, Gilchrist, Follets Island
aerial photographs taken by the author. The dama@®livar Peninsula was severe
Rollover Pass, Matagorda, Aransas,

two towns were completely destroyed, and all other towns were severely dam gm?. I

i ] [ stang Island, Port Aransas, Crys-
Other than the seawall protecting the city of Gsiwr, only parts of the central Texas tal Re a :
FRDVW IURP 1RUWK 3DGUH ,VODQG WR 0DWDJRUB B¥EPEVLEB DUH |[SURWHI
foredune ridges. The meager foredune ridges along the Texas coast from Freeptathuscript submitted 20 January
to the Louisiana border were destroyed, and the barrier islands and peninsulas wa8@9, revised and accepted 3 Margh
overwashed. Many homes were left standing on the beach seaward of the prob&tle9.
recovery vegetation line. They will likely have to be removed under state lalveand t
Texas Open Beaches Act, which gives the public a permanent easement to the beach
below the vegetation line. Construction setbacks requiring new structures to beMa#in High Water (MHW) respectively
further back from the vegetation line and the beach should be considered. New(fisre 4).
should prohibit moving sand from the upper beach or dunes. The foredune ridg
which serve as a natural dune seawall must be protected and enhanced.

124

The United States Geological Survey
86*6 FODVVL{HV VWRUP LQC
change into categories of increasing se-
t was truly a dark and stormy nightcomponent on top of the surge, make iterity as follows (USGS 2008).
when Hurricane lke ro:‘:‘lred acrossG L .I (FXOW WR HVWL P D WH B\ég%h) ér‘ds.liﬁ%%éé( b\/\o/i\cgsv\!lﬁ'dY HO\
Galveston Island, TX. “Hurricane Harris County Flood Control District
) i currents remove sand from the beach
Ike made landfall over the eastern enceported high water marks in the 12- t% stem
of Galveston Island just after 2 a.m. ori6-foot range. NWS survey teams foun y '
Saturday, 13 September 2008 as a Caieme indication that water reached the Dune erosion:Waves attack the front
HIJRU\ KXUULFDQH RQ 2X0fobkIévBl irgdfe\d plitEsydréxo surgéace of the dunes and reduce the volume,
scale. The storm then tracked northwardut also possibly due to waves on towvidth and elevation of the dunes. This
across Galveston Bay. ke was very largef the surge. The tide gauge at Rolloveleaves property behind the dunes more
as it moved across the Gulf of Mexico anéPass on the eastern part of the peninsutalnerable to future storms.
made landfall, with tropical storm forcemeasured a water level departure or storm Overwash: Waves wash over the
winds (39 mph) extending 275 miles outsurge of 11.06 feet and was rising at 05:4§unes (or seéwalls) and sand is trans-
ZDUG ,NHYV ODUJH ZL QUFCsal12:@8 & R.COTJusEbeldtdttie . . :
. ; . orted inland across the island. This can
to storm surge values well in excess aime it stopped reporting at 1 a.m. coT )
i . : : "UHVXOW LQ VLIQL{;FDQW GD
those normally associated with a category. From available data, (sic) would esti- ropert
two storm” (National Weather Servicemate surge of 12-16 feet on the BolivaP"oPe™-
(NWS) Houston/Galveston 2008) (FigurePeninsula, and possibly higher in spots... Inundation and island breaching:
1, Figure 2). High water marks from HCFCD surveyThe island is completely submerged by
on Galveston Island were generally in théhe storm surge. Strong currents during
Damage on Galveston Island, the, ;3'c o anoe which was consisterWKH ARRG RU HEE RI WKH VX
landfall site, was high; but the greates

damage occurred on the Bolivar peninkith estimates from the NWS surveychannels across the island, breaching it.
PRE-STORM AND

s uners mors tan 3,60 homes gl VAIES e general loer o 10
totally destroyed (pers. comm., Ray New; ] . » POST-STORM PHOTOGRAPHS
* eej pyer gastern portigng of the island , . .
E\ 7TH[DV *HQHUDO /DQ NV Houston/néalvegton 2008). The Towns on Bolivar Peninsula, includ-
on the Bolivar Peninsula were heavil : Crystal Beach, Caplen, and Gilchrist,

- igd'9
damaged by wind and storm surge, wit urge reached about 6-8 ft at SurfSIdé]vere inundated and severely overwashed
an estimated 80-90 percent of the homet-

llage (Figure 3). The tide records from y Hurricane lke. Gilchrist, just east of

in the communities of Crystal Beach,ﬁe Texas Coasta| Observation Networ ollover Pass (inlet), and Caplen, west of
. : auges show the water levels record ;

Gilchrist and Caplen destroyed. Th ollover Pass, were located on the right
: : . along the coast. The Galveston, Rollove ) . .

level of destruction, relative scarcity of nt side of the hurricane at the position

: ; nd Sabine Pass gauges ceased function- . .
water marks, and the damaging high suﬁ]g at about 8 f, 10 ft, and 11 ft above the highest surge, estimated at 12-16
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TROPICAL STORM B

Figure 1. Hurricane lke
track showing landfall
at Galveston, TX, and
width of hurricane-force
winds and tropical
storm-force winds.

Figure 2. Satellite
photo of Hurricane Ike
just before landfall at
Galveston, TX. Note the
large diameter of the
storm.
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ft and, probably, the strongest onshorésland west of the seawall. If Hurricaneexisting structures must be removed if the
winds. Figures 5 and 6 show Rollover Padée had made landfall to the southwestegetation line moves landward (TGLO

with the town of Gilchrist on the left and of Galveston Island, the island would2008Db).

Caplen on the right before and after Ikehave been on the right front, dangerous .

The inundation and overwash destrucsemicircle of the storm, and damage oﬁn:;;rclicte;\r:ee\/”geer?a?i\g?\dli?]ZtTaT;whgerA
tion was nearly complete, with only awest Galveston Island would likely have 9 :
few homes partially remaining. Only onebeen as severe as the damage to the m&rﬁat many homes and destroye.d hqmes
house remains seaward of the road, andsialler towns on the Bolivar Peninsula.2' < "W seaward of the vegetation line.

was severely damaged (Figure 7). Rem- Because the vegetation line may, in time,
nants of geotextile tubes can be seen anQJg Follets Island, just southwest ofmove seaward again, these structures do

. alveston lIsland, is a narrow barrienot have to be immediately removed. The
%[f e?/eg?vr:al?l (;[h;r (ftgitt}gtnorag ar?:é)tt?lgéaph%land. The only road running along itsSTGLO surveyed a line which approxi-
" length approaches the beach in severalates the normal vegetation line at 4.5
Crystal Beach, a much larger towrlocations, and it is unprotected by anyt NAVD88 (which is about 4.0 ft above
than Gilchrist or Caplen, was severelgignificant dune ridges or man-madeéMean Sea Level (MSL) at Galveston) and
overwashed with most of the homes in thstructures. Ike breached the road in manyas published the following temporary
JUVW QLQH RU URZV RtattoRPaid/ le@ Hovheas bR tHe Beachiegulations.

(Figures 8 and 9). Like Gilchrist andwith some standing in the remains of

Caplen, Crystal Beach had little in théhurricane outwash channels (Figures 1gompr|zlt3§rtyo:)wgretir§||WT;§§WZ?(;IS;Sﬂ?ere
way of dune protection. and 16). pietely or p y

4.5-foot elevation line may apply to
Galveston has new high-rise buildings Surfside Village, located just north-the local government for a Beachfront
DQG KRPHV EHLQJ E XL OeastRiQhe Frddpoht Emr&hG: AHaMie& RQVWUXFWLRQ &HUWL ¢ FDWH
behind the low dune line and seaward agxperienced severe beach erosion fdtermit (Coastal Construction Permit in
the seawall on the east end of the islandany years. Even before Hurricane lke*DOYHVWRQ &RXQW\ WR (00 \
(Figure 10). Ike had little respect for thethere were houses standing on the beably the houses to pre-lke conditions up to
low dunes and washed up to, and undgrigure 17). Just weeks before lke camihe line. Generally, dunes may be restored
the new buildings (Figure 11.) However,DVKRUH WKH 7H[DV *H Qphb2Dfext sdaviafal obthe £3-foot eleva-
overwash was not nearly as severe as ¢hGLO) completed a low granite revet-tion line (Figure 8 and Figure 13). Prop-
the Bolivar Peninsula. ment landward of the homes shown irerty owners whose houses are completely
. Figure 18 and along the very edge oW HDZDUG RI WKH IRRW OLQI
proll/(lacc):?ctegffﬁgemccl)t\yecr)\f/viglvg)sltggl:]t?sst:r?t? each Drive, the road along the beacho pre—lkg conditions, but may stabilize a
long, and high seawall, It was constructe ven tho_ugh Ike removed nearly all ohouse with sand or sand mixed with clay
in re,sponse to the extréme damage by th e remaining homes on the bgach, thmdgr _Emergency Rule 15.20 (31 Texas
1900 hurricane that nearly completelyrgvetment protected Beach Drive fronAdmml_s_trat_lve Code § 15.20). The area
destroyed the then-important port Ci,[yserlous damage and probably helpedf stabilization may extend no farther than
protect the homes on the landward sidg YH ITHHW IURP WKH SHULPHW

IS';:\?VZ'I}'\?VZST;EQ do\fv}tr;]e dlzr:jd ggmr;?;:;;;f the road (Figure 18). Repairs to make the house habitable may
9 : be permitted (TGLO 2008c).”

The seawall protected the city behind it TEXAS OPEN BEACHES ACT
from frontal overwash by lke, but much AND HOME RECONSTRUCTION This regulatory guidance allows owners
RI WKH SURWHFWHG D U HTexaBRtdteAaR RABtFOIS whidgiRsructo make temporary repairs, but they may
behind, causing severe damage, thoudhires can be rebuilt after a storm andtill be required to remove their structures
much less than by the full force of frontalwhich must be removed. The legaln the future. The 4.5 ft. MSL “vegetation
RYHUZDVK 2Q DQ RYHU AtuhHaly Be@v@an\whg RriG\¥plantine” is plotted on high resolution, pre-
after Ike, we were surprised to see thproperty and the state submerged landsstorm and post-storm aerial photographs
streets were clear and there seemed tile Mean High Water (MHW) line, or theso that property owners can see how their
be little damage, except for debris alonfylean Higher High Water (MHHW) line property is affected (TGLO 2008d).
only two blocks of the seawall (FigureLQ VRPH FDVHV 7KH 0+: OLQ ; G
12). This debris is all that remains ofas the average daily high water level %#ER&IE ?%

- . . ; MANMADE EROSION
the famous Balinese Room, a night clufor a period of 18.6 years as determined Lona-term maoping by the Bureau
which was built out in the Gulf on pilings by water level recorders. So, if a stormf E g-ter G Ipp gf t)llw Uni it
seaward of the seawall. moves the MHW line inland across all or, —0noMIc 15e0logy of the University
a portion of private property, it become of Texas at Austln and the TGLO_ shows

’ - rsghat the entire Texas Gulf coast is erod-

ihg, with the exception of a few areas

e Open Beaches Act, which proV'de%rotected by long navigation jetties, a

On Galveston Island, west of the are
protected by the seawall, there was beacf

and dune erosion, and damage to hous .
along the beach (Figures 13 and 14). Tngrmanent public access to Texas beac

or all Texans, creates a public easeme 994 deltaic headlands, and a longshore
days after storm passage, some of the

%%m the Mean Low Water (MLW) line frift convergence zone on Central Padre

houses were still standing in the edge o N Island (Watson 1971; TGLO 2008a;
the water. Several of the houses on the. tothe natural vegetation line. No perll\/lorton 1975, 1977, 1979; Gibeaut et. al.

. . manent structures can be built or rebui .
right of Figure 13 were destroyed. There - . 1999 . Seaward growth of multiple dune
9 g Y Seaward of the vegetation line, and annge)s on Galves?on Island and (F))ther bar-

was little dune protection along Galveston

S
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rier islands and peninsulas shows that thées and huge losses through inlets such Port Aransas was far from storm
shoreline was advancing in the recent pasts Rollover Pass have made much of tHandfall and located on the left side of
However, long jetties constructed at Sacoast much more vulnerable to damagehe storm with offshore winds and a
bine Pass, Bolivar Roads (at Galvestonjrom strong storms such as Ike. Beaclsurge of less than 4 ft. During lke, the
Aransas Pass (at Port Aransas), and othéune, and shore face sand lost due t@ide beaches at Port Aransas, 175 miles
locations have permanently trapped androsion in past storms has not been reouthwest of lke's landfall, provided
stored large volumes of beach sand oplaced, and the shoreline retreat has besnme protection to the dunes, and the
beaches directly updrift of the jetties anghermanent. Before Ike, most of the Texadunes suffered only minor erosion. Later
in the wave shadow of long down-driftcoast (with the exception of the Texa®n, the same storm deposited a berm on
jetties (Mortoret al. 1983; Watson 1999, coast from central Padre Island to Mathe upper beach next to the dunes and
2003). The east jetty at Galveston is holdagorda Island) no longer had a foredungartly on the sand beach road. A few
ing about 30 million cu yd of sand. Theseidge system adequate to prevent sevenailes further south, the much narrower
MHWW\ ¢ OOHWY KDYH V WrbnthY sv&waskR d@itgstrokyg sdtrbsbéachvallowed direct attack on the dunes
of the amount of sand in storage. After lke, the coast from Surfside to thewith much more dune erosion (personal
Construction of reservoirs on theLouisia_na border no longer has any dunebservation by Fhe aut'hor, S_eptember
pwtﬁctwlg I 6%”%{%?%}3“(?@“ bp008). After Hurricane Rita (which made

vFe):r[e):IMrz dl[JJceL:Jl IFlngsl;n\(/j sﬁ R IZ I{OQijlyﬁe author, 2009y. landfall north of Sabine Pass, TX, in Sep-
y bply tember 2005) deposited a similar storm

beaches. Reservoirs on the Brazos River STRONG, CONTINUOUS .
have reduced the sediment supply toonly FOREDUNE RIDGES CAN berm on Port Aransas b(_aaches, the city
. - convened a beach committee to study the
one-fourth of pre-reservoir conditionsPREVENT FRONTAL OVERWASH .
. ) : . . problem. The TGLO hired an expert to
(Mathewson and Minter 1976; Seeligand The central Texas coast, includin
. - tudy the problem of sand and seaweed
Sorenson 1973). The Rio Grande RiveNorth Padre Island, Mustang Island, Saﬁmna ement on Port Aransas beaches
ARZ LV IUHTXHQWO\ ]H URseDs@i@, Wnk Matagorde $laaRrave 29 , . :
- . : A ) . and to work with the beach committee to
supplies little sand. The Colorado Riverelatively wide, high, and continuous . .
) . i . > . establish best management practices. The
was diverted into East Matagorda Bay ifioredune ridges which provide overwash ,
1992, and it no longer provides sand tprotection. These long, continuous, an [SHUW ¢QDO UHSRUW UHFRP
! gerp 0 ) 9, ' ew dune ridge seaward of the foredunes

the Gulf beaches. sometimes multiple parallel dune ridgesél

serve as a hatural seawall and revenpd recommends against moving sand in
The construction of Rollover Pass in b a seaward direction (McKenna 2006).

the late 1950s has caused an annual IOoverwash. Personal observations by the
of more than 200,000 cu yd of beach sang thor for 40 years, both on thg ground On the Texas coast, only two natural
into Rollover Ba;} and the adjacent Gul d over 990 hours of observation fronproce;ses supply sand to the foredu'nes.
Intracoastal Waterway (GIWW) (Balest.he air indicate that these strong dun@ne_ls the long-term southeast wind
and Holley 1984, 1985, 1989; WatsoA'nes have not been breached in manlowing sand from the dry upper beach,
1999). Erosion or; the B(’)Iivar F;eninsul decades and perhaps more than 100 yeaaied the other is storrr_l berms that are
in the.vicinity of Caplen and Gilchristarhere are no recent breaks except at tiiermed from sma_ll or distant storms. As_
would likely have been much less if 10_enfjs of these barrier |sllands. All .of theart of beach-malntenanpe operations, it
14 million cu yd of beach sand had no elict wa;h_over fans behind these |sllandsould be better to deposn sand removed
been lost through Rollover Pass and int re subS|d|n_g and have not been active ftfnpm_ the upper beach in front of the dynes,
the bay and GIWW since the pass w gvery long time. The feeder channels fONIthIn, or landward of the foredune ridge
opened. Bayward sand transportis one ose washover fans are Iong_closed weth build the natural dune seawall stronger
the maiﬁ causes of severe ongoing bea?rHand of the dune ridges. During storms(McKenna 2006; Watson 2008). Previ-

: o . e faces of these dune ridges are erodeds large hurricanes (Carla, 1961) have
erosion at Gilchrist and Caplen adjacenYE\ VWRUP ZDYHV DQG akokddnir ibRdu rdige\badkidnich

to Rollover Pass and has left the uppe ) ’
portion of the Bolivar Peninsula with few WKH EHDFK SUR ¢ OH DQ @s Y00 REydXIBMK HU 2D Y H

. ttack. Except in the location of semi- . . .
remaining sand resources (Watson_199 ermanent hurricane washover channels Despite the rapidly expanding devel-
This has left the upper Bolivar Peninsul

oor in sand, with only a thin veneer o tthe ends of these islands, these bari Prmsznr;[dofthgatlr:;ezzljpacils, ;tralliscrglriglj
P T Y islands have not been overwashed in rafly t P
sand overlying outcropping marsh deposi- . . : toward the dunes (which will build the
; ong time. Even Hurricane Carla in 1961 .
its (Watson 1999 and personal observ%l-. . dune stronger) be allowed to remain on
. id not breach the dune lines on these b I s
tions by the author, February 2009). . . e upper beach or be placed within the
rier islands protected by very strong dun ne svstern. Sand should not be mined
In 1928, the mouth of the Brazos Riveridges. However, the beaches along the é(;m th}(/a u 'er beach and deposited on
was moved from the Freeport Entrancéarrier islands are now erosional, and tht o lower bpgach or in the sur[f) A high
Channel at Surfside 7 miles to the wesheaches are narrowing. Beach narrowin ide. and continuous foreduné S s?erin
Relocation of the river mouth removed itsvill lead to more frequent storm attack F W L -y
, ) ) . QJ DV D VDFUL¢FLDO VH
sediment supply at Surfside and causezh the protective foredune ridges an%[: mitiaate severe damage by overwash
erosion of the old delta and the beachasduced probability of the dune ridg 9 ge by :

at Surfside (Watson 2003). healing and rebuilding in the seawar ven though a strong dune system may

direction during the time between major e severely eroded_by a hurricane, it can
The lack of new sand supply to th torms often buy enough time for the storm to

coast coupled with storage losses at jet- subside before overwash occurs. The
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Figure 5. Rollover Pass,

with the towns of Gilchrist
on the left and Caplen on
the right before Hurricane
Ike. Photograph taken by
the author, 16 June 2006.

Figure 6. Rollover Pass,
Gilcrest, and Caplen 15
September 2008, two days
after Hurricane lke. The
towns are completely
destroyed. Photograph by
the author.

Figure 7. Only one
house in Gilchrist

in the upper center

of the photograph
remains standing
post-lke. Photograph
by the author, taken 28
October 2008.
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JLIXUH &U\WWDO %HDFK IURP *RRJOH (DUWK EHIRUH +XUULFDQH ,NH 7KH 7H[DV *H
estimated new vegetation line. Structures seaward of that line cannot be rebuilt.

Figure 9. Crystal Beach after Hurricane lke. Many blocks of homes have been completely destroyed. Photograph by
the author taken 28 October 2008.

Shore & Beach , Vol. 77, No. 2 , Spring 2009 Page 55



Figure 10. East Beach
Galveston January 2007.
Photograph by the author.

Figure 11. East Beach
Galveston 15 September
2008. Hurricane Ike destroyed
the small dunes and the
vegetation seaward of the
condominiums. Photograph
by the author.

Figure 12. Remains
of the Balinese
Room (center of
photograph) on top
of the seawall. Note
that the streets are
clear and most of the
structures behind the
seawall are relatively
undamaged.
Photograph by the
author, taken two
days after lke on 15
September 2008.

Page 56 Shore & Beach , Vol. 77, No. 2 , Spring 2009



Hurricane Ike overwash damage to therosion, as well as destruction of minor  Erosion, Brazos River, Texas; Texas Water
upper Texas coast from Surfside to Louistructures on the beach. Resources Institute, Technical Report 77,

h . Texas A&M University, 85p.
siana would have been greatly reduced if . :
McKenna, K.K., 2006. Strategies for Managing
that part of the coast had a natural du Most of the central Texas Coast!

Sediment on Public Beaches City of Port
system as strong as the dunes of tq‘(reom North Padre Island to Matagorda

eninsula. is protected by high. wide Aransas, Texas, Task IV Deliverable, Final
central Texas coast. Unfortunately th 1S P y figh, ' 5HSRUW WR WKH 7H[DV *HQHUDO
upper and lower Texas coasts had on

nd continuous dunes. Had Hurricane Lo Contract No. 06-076C, Work Order No.
low, narrow, and often discontinuous

e concentrated its energy there, the  1311-06-001, http://texascoastgeology.com/
. ‘damage (while severe) would likely have ~ mckenna_report.pdf
dune systems, sometimes enhanced wi Ron, R.A;, 1875 Shergli h tween
geo-textile tubes. RQVLVWHG PRVWO\ RI Wﬁesléjb?nﬁaé‘é z%nd qq_"@zﬁ ap%ﬁﬁ

olivar Roads, Circular 75-6,
the back rather than frontal overwash g eau of Economic Geology, University of

The state of Texas has clear dunand total destruction, as occurred on  Texas at Austin.
protection rules. Nueces County controlthe Bolivar Peninsula. However, localMorton, R.A,, 1977. “Historical shoreline changes
beaches and dunes on North Padre Islagdvernments have decided to remove and their causes, Texas Gulf Coast.” Transac-
and part of Mustang Island, by agreemersiand deposited on the upper beach by ﬂ)onijacl’"stgfieﬁ:g S(c;gfltlAgsSS;’_cégion of Geo-
with the TGLO. The county recentlyHurricane lke and transport it to theMorton?R.A” 1979, “Temporal and spatial varia-
increased the construction setback tlmwer beach and the edge of the water. tions in shoreline changes and their implica-
350 ft landward from the vegetation lineThat sand was enroute to the foredune tions, examples from the Texas Gulf Coast,” J.
for new construction. This wise rule will ridges where it would further strengthen _ Sedimentary Petrology, 49(4), 1101-1112.
delay storm attack on new structures othe strong dune system and provide eve'\ﬂort(;';’d%\ﬁ’ ,\? é:f Egggydcmo ﬂ{hiuie%’ef;'s
the eroding barrier island shoreline. Unbetter future protection from hurricane  ghore. Duke University Press, Durham, NC,
fortunately, most of the coast has muchverwash. After seeing lke's damage on 190 pp.
narrower construction setbacks, anthe Bolivar Peninsula, it is obvious thafVational Weather Service (NWS) Houston/
structures are permitted near the beadtaving the highest and widest natural Sg{'}‘éesg’t” 20(:3. H“'Irz'ci‘,”e {ke gsept%mbe'
and vegetation line. Wider constructiordune system is the best possible protec- age %urvog,r; (L:J[;ggtej '{%agsmfen: 20%2;_

setbacks are needed on the coast, as eton from future storms where man-made  hitp:/www.srh.noaa.gov/hgx/projects/ike08/

denced by damage caused by Hurricarseawalls are not present. storm_surge_overview.htm
Ike, especially where the islands are low . . Seelig, W.N., and R.M. Sorenson 1973. Investiga-
DQG QDUURZ DQG KDYH. |HV(}9||¢ 9%?\|VY‘IS€ lf_ObC%q%aE wll- tion of Shoreline Changes at Sargent Beach,
protection tlgs to follow Nuétes C unty’'s éxample Texas: Texas A&M University, Sea Grant
' and create construction set-back lines FEG\BOTJAM#'SS'Z)}/Z;Z 1(5’3;’-I el 7 |:
CONCLUSIONS that are further inland from the beach and [maps httr?‘ I glo Statg tx us/coastal/ero-
Pre-storm and post-storm aerial phovegetation line. The Texas Gulf Coastis  gionjerosionrates.ntml
tography shows the extreme destructioan eroding shore, and future storms areH[DV *HQHUDO /DQG 2I1¢FH E +XL
to the upper Texas coast by Hurricanbkely to cause further damage. Information and Links, Texas General Land

lke. The greatest damage was on the 21¢FH “HE VLWH KWWS ZZZ JOR
Bolivar Peninsula where two towns REFERENCES tke/hurricane. html

Bales, J.D., and E.R. Holley 1984. Introductory7H[DV *HQHUDO /DQG 2I1¢(FH F KWV
were destroyed by frontal overwash and  concepts Related to Feasibility of Rollover state.tx.us/ike/press/gunite_4-5line111708.
inundation and other towns were severely  Fish Pass Hydraulic Model Study. The pdf
damaged. Much of the city of Galveston University of Texas Center for Research inTexas General Land Office 2008d. Hurricane
was spared overwash by the presence of Water Resources. The University of Texas Response Maps on the Texas Coast, http:/

. at Austin. www.glo.state.tx.us/res_mgmt/coastal/maps/
a hlgh and Sturdy seawall. Even so, muc@ales J.D., and E.R. Holley 1985 (Section 1). ike/index.html
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Figure 13. West Galveston
before Ike, from Google Earth.
The TGLO 4.5 ft line is the
estimated new vegetation line.

Figure 14. West Galveston
Island two days after Ike.
Some homes have been
destroyed and others are
still standing in the water.
Photograph by the author

taken 15 September 2008.

Figure 15. The only
road running the
length of Follets

Island was cut here

and in many other
locations. Most
channels across the
beach were probably
excavated by
outwash of the surge
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the author, taken 15
September 2008.
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Figure 16. Follets Island homes standing
on the beach and in hurricane outwash

channels. Photograph by the author, taken
15 September 2008.

Figure 17. Long-term erosion and
shoreline recession have left many homes
on the beach at Surfside Village even
before Hurricane lke. Another row of
homes seaward of these was lost in recent

years. Photograph by the author, taken 26
April 2007.

Figure 18. Surfside Village after Hurricane

Ike. Most of the homes that were on the

beach were destroyed. Photograph by the
author, taken 28 October 2008.
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