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Hurricane Hugo made landfall on the South
Ca rolina coast on 22 n d September 1989 at h igh
tide. Maximum sustained winds near the eye of
th e storm were 217 kph. Maximum storm surge
in areas near the eye reach ed 6 m. A team from
the Duke University Program for the Study of
Developed Shorelines observed storm response
along a stretch of coastline from the North Car­
oli na border to Folly Isl and.

Hurricane Hugo ha s provided an excellent
opportunity to observe the va ry ing responses of
developed and unde vel oped shorelines to a
major stor m event . Important processes include

overwash , stor m surge , st or m surge ebb, beach
a nd dune erosion, and shoreline r etreat. The
in teraction of storm processes with developed
and undeveloped shorelines wa s markedly dif­
fer ent. Shoreline dev elopment intensified nat­
ural stor m processes. Seawall s caused beach
scou r; s hor e perpendicular ro ads allowed
greater penetration of overwash ; and buildings
ch a n n e ll ed storm surge ebb . Post-storm
beaches were narrower on developed shoreli nes
than on undeveloped sho re li n es as buildings
a n d sh ore li n e s t r u ct u res imped ed shoreline
retreat.
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Figure1.LocationsalongtheSouthCarolinacoastinspectedfollowinghurricaneHugo.
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Figure 2a . Thi s photo was t ak en the day befor e th e hurrican e on Litchfield spit. Th e dune was construct ed th ree years ago by
bulldozing sand from th e beach face and was sta bili zed by vege tati on . This 4 m high , 275 m long dun e cost abou t $29,000.

Figure 2b. On Litchfield spit one day afte r Hu go's pass age, th e storm has remo ved th e ent ire dune r idge and all of t he int roduced
vegetation. To th e north , hou ses behind th e dune were severe ly damaged . Th ere is no evidence of sig nifi ca nt sa nd dep osition in
the backbarrier, suggesti ng eith er offshore or longshore transpor t.

J ournal of Coastal Resear ch , Vol. 6, No. I , 1990



214TechnicalCommunication

I ,

Figure3a.OnLitchfieldspitoneweekafterthehurricane,wind-blownsandhasbeguntohealthescarpedbeach.Giventime,
naturalprocesseswillreestablishanewdunelandwardoftheoldartificialduneridge.

or

Figure3b.Unfortunately,mandidnotwaitfornaturetoconstructadune.InordertoprotectpropertyfromtheOctober14'h

perigeanhightide,amassiveprojecttobuild65kmofduneridgewasundertakenbythestateofSouthCarolinainconjunction
withFederalEmergencyManagementAgency.Theestimatedcostofthisprojectwas$1.4million.AtSouthLitchfield,bulldozers
removedsandfromthelowerbcachfacetoreplacethedunes.Duringconstructiontheshorelinemovedlandward10·15mdueto
bulldozer-inducederosion.
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Figure 3c. One day aft er construction of th e dune in Figure 3b, the toe has been scarped by wave attack. Two reasons can be
given for t he poor performance of the new dune: th e beach profile wa s lowered by remov al of sand from the lower beachface; the
dun e was reestablished a long th e axis of the old dun e, rather than a mor e landward position in equ il ibr ium with th e post-storm
conditions.

Figure 4a . The spit at Garden City was completely overwashed. In places, overwas h sand was over 1 m deep . Th is photo, t aken
near th e ti me of low tide th e day afte r th e storm, sh ows no pr efer ential acc retion on e ithe r side of the gr oin s. Th is ind icates th at
the dominant sand transpor t proc esses du ring the storm wer e onshore-offsh ore as oppose d to a longs hore . Th is ph enomenon wa s
observed along much of the coast. If ind eed sand wer e moved offshore , some natural bea ch recovery ca n be expecte d as fairweather
waves return sand to th e subaer ia l beach.

J ournal of Coasta l Research , Vol. 6, No.1, 1990
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Figure4b.OverwashsandhasbeenbulldozedtouncoverthebeachroadinGardenCity.Theoceanistotheleft.

Figure5.Shoreperpendicularstreets,suchasthisoneinSurfsideBeach,servedaschannelsforoverwashandstormsurge.
Overwashwasuptoanorderofmagnitudegreateralongsuchstreets.High-risebuildingsoneithersideofthesestreetsappeared
tofurtherintensifyoverwash.
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Figure 6. On Pawley 's Island, storm surge not onl y destroyed hou ses, but al so moved se vera l acro ss th e island and into th e
back barrier marsh (white arrows). Storm surge ebb ad ded to beach erosion through channel s inci sed in to the back of the beach
(black a rrows). Chan ne ls were up to 7 m wide and nearly 1 m deep.

Figure 7. On Foll y Island, storm su rg e ebb flow driven by gr avity and offshore winds sout h of th e eye of th e hurri cane resulted
in a deep scour channel between th ese tw o houses. Storm surge ebb was further intensified in some are as wh er e flow was funnell ed
between shore fron t build ing s a nd shoreline engi nee r ing st ru ctu res (bu lkhe ads and rev etments). Thi s channel is approxima te ly 7
m wide and 2 m deep .
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Figure8.AtthesouthendofPawley'sIsland,stormsurgeebbopenedanewinletapproximately1kmnorthofPawley'sInlet.
Thetidalprismwaslargeenoughtomaintainthenewinletuntilitwasclosedartificially.

Figure9.ThisscenefromSurfsideBeachwasafamiliaronealongthepost-stormbeach.Inmanyplaces,seawallsandbulkheads
backedbyswimmingpoolsfailed.
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Figu re 10. In Myrtle Beach , exposed found ations of ma ny beaehfront hotel s and cond ominium s indicate bea ch profile lowering
of up to 2 m. In addition, a r ipr ap revetm en t in fron t of th is hotel was destroyed , and is now spread out across t he recrea tional
beac h. In some areas, wa te r-borne r ipr ap cause d dam age to oceanfron t bu ildings an d wooden bul kheads .

J ou rn al of Coasta l Research, Vol. 6, No.1 , 1990
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Figure11.StormsurgeoversteppedthebulkheadatDebidueBeach,carryingwaveactivityinland.Thebulkheadwasleftintact.

Figure12.Thepost-stormbeachisnarroweronstabilizedshorelinesthanonunstabilizedshorelines,asshowninthisexample
fromNorthMyrtleBeach.
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Figu re 13. Th ese two hou ses on Pawley's Isl and high ligh t the site-specific na ture of storm response in developed areas. The house
on the left was sit ed at low elevation; pr eexist in g dunes were likely removed for its const ruct ion . The house on th e rig ht, however ,
was bu il t on top of and be hi nd the du ne; marit ime forest was left in tact around the house. Whil e the sto rm destroyed the house
on th e left , the one on the r igh t susta ined mini mal damage.
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