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PREFACE
SOUTH CAROLINA HURRICANE EVACUATION STUDY

The purpose of this study is to provide state and local Emergency Preparesdness
decision-makers with the quantitative, realistic (real time) data necessary for
effecting safe, efficient evacuation of communities-at-risk in hurricane emergencies.

In early 1984, the Federal Emergency Management Agency (FEMA) received a
request from the Director of the South Carolina Emergency Preparedness Division
to initiate a  hurricane evacuation study for «coastal South Carolina. The
Charleston District of the Corps of Engineers was subsequently requested to par-
ticipate with FEMA in this effort and to serve as the study manager. In May of
1984, Interagency Agreement No. EMA-84-E-0031 was signed between FEMA and the
Charleston District of the Corps of Engineers initiating the Grand Strand
Hurricane Evacuation Study. The study initially included only Horry and
Georgetown counties but was expanded in May of 1985 to include the remaining
coastal counties of DBeaufort, Berkeley, Charleston, Colleton, Dorchester,
Hampton and Jasper.

The South Carolina Hurricane Evacuation Study is authorized by the Disaster
Relief Act of 1974 (Public Law 93-288). It was funded by the Federal Emergency
Management Agency, Region IV, the U.S. Army Corps of Engineers, and the South

Carolina Coastal Council. The study was conducted by the Charleston District,

U.S. Army Corps of Engineers.



The technical information in this report does not replace detailed opera-
tions plans developed by the respective counties and communities. The data
presented here was designed as a framework for evaluating, updating, refining
and revising the operational planning already in place. The State of South
Carolina Emergency Preparedness Division will utilize this information to revise
and update existing local county hurricane response plans.

Appreciation is expressed for participation and direct contributions by the
National Hurricane Center, Miami; the South Carolina Water Resources Commission,
Columbia; the National Weather Service, Charleston; the South Carolina Emergency

Preparedness Division; the county directors in the study area, and many other

state and local officials.
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CHAPTER ONE
INTRODUCTION

L GENERAL

The area covered by this study includes the nine counties of Beaufort,
Berkeley, Charleston, Colleton, Dorchester, Georgetown, Hampton, Horry, and

Jasper. Allendale County was included in the shelter analysis to resolve a
deficit in evacuee shelter spaces in the Lower Coast area.

As with other coastal areas of the southeast, South Carolina is and has
been in a state of rapid flux as a result of increases in population, population
density, and necessary service and support development along its north-eastern
shore--the Grand Strand--and on the sea islands of the lower coast. Between
1960 and 1980 the population of the five coastal counties increased by almost
one-third and is expected to increase by over 50 percent between 1980 and 2000.

1987 population projections indicate over 860,000 permanent residents in
the nine-county study area ranging from 16,300 in Jasper County to 300,120 in
Charleston County (Table 6-1). Records show 17,895,264 tourists visited the
study area counties from September 1, 1984 to August 31, 1985 ranging from
31,497 in Hampton County to 9,549,809 in Horry County. Expenditures by tourists
during the same time period range from $1,394,749 in Hampton County to
$1,072,057,078 in Horry County and a total of $1,965,740,829 in the nine coun-
ties. 1985 nine-county population-at-risk figures, including permanent and
tourist population, range from 288,000 during a low category storm and low
tourist occupancy to 647,000 during a high category storm and high tourist occu-
pancy (Table 3-1).

Much of the permanent and tourist population in the study area is located
near the coast in areas vulnerable to hurricane damage. Bridging the gap bet-
ween the coastal developments and the relative safety of the mainland is a
somewhat skimpy network of primary, secondary, or light duty hard surface all
weather roads. In some instances an island and the mainland are linked by a
single road and/or bridge and in most instances all must cross estuaries and
marshes at elevations not much above that of the salt marshes themselves.

An average of one hurricane or tropical storm makes landfall on South
Carolina's coast every four to five years, making it among the more storm-prone
coastal areas in the United States. In the past quarter century (1960-1985)
only two hurricanes and two tropical storms made landfall on South Carolina's
coast. Additional storms made landfall in other states and affected South
Carolina causing wind and/or flood damage (Tables 1-1 and 1-2).

Within such factors as these lies the potential for widespread destruction
and significant loss of life in the event of a direct hit by a major hurricane.
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The objective of the South Carolina Hurricane Evacuation Study is to pro-
vide pertinent quantitative information for state and local agency use in the
development of local and regional hurricane evacuation plans.

IL. GEOGRAPHY AND TOPOGRAPHY

Coastal South Carolina reflects three geographical areas: the long concave
strand stretching from the North Carolina state line south to Winyah Bay; the
Santee River delta and barrier islands of Cape Romain-Bulls Bay; and the sea
islands of the central and southern coast. While physiographically different,
these three areas share two commonalities. All are more or less low-lying; and
all are separated from the mainland by wide expanses of salt marshes, estuaries,
and tide-influenced rivers, and/or belts of rivers and marshes paralleling the
coastline.  South Carolina has approximately 190 miies of open coastline, but
its numerous bays, estuaries, inlets, and rivers create an actual shoreline of
over 3000 miles.

Behind the barrier islands and beaches is a complex system of creeks,
estuaries, tidal rivers and thousands of acres of salt marshes whose vast expan-
ses are broken occasionally by hummocks of varying sizes. All along the coast a
series of cuts and channels tie rivers, sounds, and bays into the Intracoastal
Waterway. Inland the marshes and hummocks gradually give way to the terrestrial
environment of the coastal plain. The outer coastal plain (to 80 miles inland
and less than 100 feet above sea level) is marked by extensive freshwater swamps
grading into the coastal salt marshes. Its northern coastline in the Grand
Strand is fronted by a smooth hard shore cut by a few small inlets. The lower
coast is fringed by sea islands and salt marshes.

Tides are higher - and the range between high and low tide levels greater -
in the lower coast area than along the Grand Strand. This is significant only
in terms of awareness of probabilities for increased flooding along South
Carolina's southern coast should a hurricane strike during normal high tides or
spring tides.

IIIl. HURRICANE ACTIVITY IN SOUTH CAROLINA
A. General.

A tropical cyclone is a nonfrontal low pressure system that develops over
tropical or subtropical waters and has a definite organized cyclonic (counter-
clockwise) circulation. On the basis of the speed of sustained (one minute
average) winds near the center of the storm system, tropical cyclones are
classified as: Tropical Depressions, <33 knots (<38 mph); Tropical Storms, 34 to
63 knots (39-73 mph); or Hurricanes, >64 knots (>74 mph).

Geographic regions affected by tropical cyclones are known as tropical
cyclone basins. The Atlantic tropical cyclone basin is one of six in the world
and includes much of the North Atlantic Ocean, the Caribbean Sea, and the Gulf
of Mexico.
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The official Atlantic hurricane "season" begins June 1 and ends November 30
each year; occasionally, however, the season begins earlier or ends later than
its ordained time.

Early season tropical cyclones generally form in the western Caribbean Sea
and the Gulf of Mexico. By the end of June or early July, the area of formation
begins shifting eastward, accompanied by a slight dectine in overall storm fre-
quency. By late July, the area of formation has shifted further eastward and
storm frequency increases.

In late August, tropical cyclones are forming over a broad area of the
eastern Atlantic, extending eastward to the area of the Cape Verde Islands off
the coast of Africa. The period from about August 20 through about September 15
encompasses the maximum of these "Cape Verde" storms. Most "Cape Verde" storms
cross vast areas of the Atlantic Ocean before dying in the north Atlantic or
making landfall in northern Europe. Those which make landfall in the United
States are generally severe. Since 1906, twelve "Cape Verde" storms have made
landfall in the United States, eight of them being category 3 or 4 hurricanes.

By mid-September, storm frequency begins to decline, the formative area
retreats westward to the Caribbean Sea and Gulf of Mexico, and storm frequency
in that area increases, Usually, by mid-November frequency of tropical cyclone
occurrence has ceased.

B.  Atlantic Tropical Cyclone Basin.

Records of tropical cyclone occurrences within the Atlantic tropical
cyclone basin are kept by the National Climatic Data Center in cooperation with
the National Hurricane Center. Records are updated annually and are available
from the National Climatic Data. Center. For the Ill5-year period 1871-1985, a
total of 928 tropical cyclones have been recorded within the Atlantic tropical
cyclone basin. For some of those years, however, the existing data do not allow
accurate determinations of the types of tropical cyclones (tropical storms or
hurricanes) nor the intensities of the storms. Other researchers have compiled
the fragmentary data on tropical cyclones dating back to the 15th century, and
are available in some libraries.

C. Historical Hurricanes in South Carolina.

Despite the once every 4-5 year landfall average, hurricanes and tropical
storms are irregular visitors to coastal South Carolina. In the past 85 years,
1901-1985, only 20 tropical cyclones (tropical storm or hurricane) have made
landfall on the South Carolina coast. Of these, only eight were category 2 to
category &4 intensity. Since 1900 no category 5 hurricane has hit South Caroli-
na; there has been one category 4 (Hazel, 1954); and two category 3's (Sept. 17,
1945 and Gracie, 1959). It is possible that the "Great Storm of 1893" which
struck the southern coast in August of that year was at least a category 4
storm, but there is no way of knowing since measures of tropical cyclone inten-
sity are not available before 1900.

In the colonial period, tropical storms and hurricanes were known as
"September gales" probably because the ones people remembered and wrote about

1-3



were those which damaged or destroyed crops just before they were to be har-
vested. Historical accounts of some of these events are presented below.

One that struck "Charles Town" September 25, 1686 was "wonderfully
horrid and distructive...corne is all beaten down and lyes rotting on
the ground... Aboundance of our hoggs and cattle were killed in the
Tempest by the falls of Trees...". The writer goes on to say that the
storm also prevented a Spanish assault upon Charles Town by destroying
one of their galleys and killing the commander in chief.

In Autumn of 1700, "a dreadful hurricane happened at Charles Town
which did great damage and threatened the total destruction of the
Town, the lands on which it is built being low and level and not many
feet above high water mark, the swelling sea rushed in with amazing
impetuosity, and obliged the inhabitants to fly for shelter..." A ship,
Rising Sun, out of Glasgow and filled with settlers had made port just
prior to the storm's landfall. It was dashed to pieces and all on
board perished.

Of a storm which passed inland along the coast September 7-9,
1854, Adele Pettigru Allston wrote from Pawleys Island, "The tide was
higher than has been known since the Storm of 1822. Harvest had just
commenced and the damage to the crops is immense. From Waverly to Pee
Dee not a bank nor any appearance of land was to be seen...(just) one
rolling, dashing Sea, and the water was Salt as the Sea."

By 1893, major population centers could be telegraphically alerted to
storms moving along the coast, but there were no warnings for the sea islands
and other isolated areas.

The "Great Storm of 1893" struck the south coast at high tide, pushing an
enormous storm surge ahead of it, creating a '"tidal wave" that swept and sub-
merged whole islands. Maximum winds in the Beaufort area were reported at 125
mph; those in Charleston at 120 mph. Water from the first wave probably stacked
up in the marshes, held there by the winds until the next high tide, which was
after the storm had passed. Lowered barometric pressure and the amount of
"stacked" water caused destruction equal to that of a "tidal wave." At least
2000 people lost their lives, and an estimated 20,000-30,000 were left homeless
and with no means of subsistence. Property damage was estimated at $10-million.

Hazel, (October, 1954) and Gracie, (September, 1959), have been the most
memorable storms in recent years. Hazel, a category 4 storm, made landfall near
Little River, South Carolina with 106 mph winds and tides up to 16.9 feet. One
person was Killed and damage was estimated at $27-million.

Gracie, a category 3 hurricane, made landfall on St. Helena Island, and
continued north-northwest maintaining hurricane strength for more than a hundred
miles inland. Damage of disaster proportions occurred along the coast from
Beaufort - to Charleston. Heavy rains caused flooding through much of the state,
crop damage was severe, but there was no loss of life.



Overland and exiting storms - those which have made landfall in other parts
of the southeast - occasionally cause heavy rains and significant flooding in
South Carolina, but damage from these storms is usually less severe than that
caused by the hurricanes and tropical storms which occasionally make a direct
hit on South Carolina's coast. (Tables 1-1, 1-2).
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YEAR
1878
1883
1885

1893

1893
1893
1894
1898
1899
1904
1906
1908
1911
1913
1916
1916
1927
1934
1940
1944

1945

DATE
IN _S.C.

September 12
September 11
August 25

June 16

August 27
October 13
September 27
August 31
October 31
September 14
September 17
October 23
August 28
October 8-10
July 14
October 4
October 2-3
May 28

August 11

October 19-20

September 17

TABLE 1-1

HISTORICAL TROPICAL STORMS AND HURRICANES
ENTERING THE SOUTH CAROLINA COAST

TYPE OF
STORM
SOUTH CAROLINA HIGHEST

LANDFALL AREA CATEGORY NAME DAMAGE
South Coast -— -—- unknown
North Coast - -—- unknown
South Coast -—- --- severe

Parallel the -— -—- unknown

entire coast

South Coast -H- -— catastrophic
South Central -H- -— severe
Central -H- -—- unknown
South Coast -H- -— unknown
North Coast -H- - unknown
Central Coast H-1 — unknown
North Central H-3 - moderate-severe
Central TS .- moderate
South Central Coast H-2 -—- severe
Central TS -—- minor
Central H-1 -—- unknown
South Coast TS _— minor

South Coast TS — minor

South Coast TS _— minor

South Coast H-2 -—- severe
South Central TS -—- light

South Coast H-3 --- severe



TABLE 1-1 (Continued)

TYPE OF
STORM
DATE SOUTH CAROLINA HIGHEST

YEAR IN S.C. LANDFALL AREA CATEGORY NAME DAMAGE
1946  July 5 North Coast TS _— minor
1947  October 15 South Coast H-2 -—- light
1952  August 30 South Coast H-1 Able light
1954  October 15 North Coast H-4 Hazel extreme
1959  July 8-9 Central Coast H-1 Cindy light
1959  September 29 South Coast H-3 Gracie  very severe
1976  August 20-21 Central Coast TS Dottie minor
1979  September & South Coast H-2 David severe
1985 July 25 South Coast H-1 Bob minor

Damage

Minor, Light - Tropical Storm, Category 1
Moderate, Severe - Category 2

Very Severe - Category 3

Extreme - Category 4

Catastrophic - Category 5

Refer to Table 2-1 for description of
categories of storms and damage potential

TS - Tropical Storm

H - Hurricane
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8-1

TABLE 1-2
HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1871 August 18 Cape Canaveral, FL —- -—- Moved northward along coast,
out to sea S of Wilmington, NC.

1871 October 6 Appalachicola, FL -— -— Moved northeastward to SC coast
and out to sea.

1872 October 24 Cedar Key, FL -— -—- Moved out to sea near Jackson-
ville, FL,; second landfall
S of Wilmington, NC.

1873 September 19  Appalachicola, FL -—- -—- Moved out to sea about
Savannah, GA, and NE along
coast.

1874 September 28  Cedar Key, FL -—- - Moved out to sea near Jackson-
ville; second landfall S of
Wilmington, NC.

1877 October 3 Panama City, FL -— -—- Moved across South Carolina
midlands; out to sea about
Norfolk, VA.

1878 September 12  Beaufort, SC -— - Moved directly N through SC.

1881 August 27 Savannah, GA - -—- Moved W across GA; peripheral
NE quadrant effects: rainfall,
winds, storm surge.

1882 September 10  Pensacola, FL -— -— Moved across upper NW South

Carolina.
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TABLE 1-2 (Continued)

HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

COMMENTS

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME
1882 October 12 Cedar Key, FL -— ——-
1883 September 11 Myrtle Beach, SC -— -—
1884 September 12  Savannah, GA -—- -
1885 August 25 Beaufort, SC -—-- ---
1885 OActober 12 Tampa-

St. Petersburg, FL --- ---
1386 June 22 Appalachicola, FL H -
1886 July 1 Tallahassee, FL H _—
1888 September 9 Tampa-

St. Petersburg, FL TS ---
1889 September 23  Pensacola, FL H ——
1893 June 15-16 N. Cedar Key, FL H —_—

Mpved out to sea S of Savannah,
GA, then NE along coast.

Moved directly N; 53 dead in NC.

Moved out to sea near
Georgetown, SC.

Moved inland, out to sea about
Manteo, NC; severe damage along
storm path.

Moved N, across SC midlands;
heavy rains.

NE across SC midlands; heavy
rains.

Entered SC near Hampton; heavy
rains across coastal plain.
Across SC midlands heavy rains.
NE, across SC Piedmont.

NE, along SC coast, out to sea
near Norfolk, VA.
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TABLE 1-2 (Continued)

HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

COMMENTS

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME
1893 August 27-28  Savannah, GA H -—
1893 October 3 Biloxi, MS H —
1893 October 13 near Charleston, SC H -
1894 September 27  Tampa-

St. Petersburg, FL H -
1894 October 9 Panama City, FL H ——-
1896 September 29  Cedar Key, FL H _—
1897 September 22  Wilmington, NC TS -
1898 August 31 Savannah, GA H —
1899 October 31 Myrtle Beach, SC H -—

NNE through SC midlands. 96-120
mph winds, tremendous storm
surge; major damage; moved

N near Columbia, then NE.

2,000 dead, $10 million damage.

Moved NE across SC Piedmont;
heavy rains; out to sea about
Manteo, NC.

Moved NNE, caused loss of life
in Georgetown.

Moved NE; second landfall S of
Edisto Island, dissipating
inland.

NE inland along SC coast and
out to sea about Norfolk, VA.

NNE through SC midlands; heavy
rains

Passed offshore.

Inland along Savannah River,
then through Georgia-Alabama.

N into NC, becoming an
extratropical® storm.



TABLE 1-2 (Continued)

HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &
YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS
1901 July 12-13 Manteo, NC H-1 —— Weakened to tropical storm; out
to sea S of Morehead City, NC.
Second landfall as tropical
depression, Myrtle Beach, SC;
heavy rains.
1901 September 18  Pensacola, FL TS -—- Entered SC as extratropical
storm; NE and out to sea near
Myrtle Beach, heavy rains.
: 1901 September 28  Tallahassee, FL TS -—- N across extreme western SC,
b across mountains.
1902 June 15 Tallahassee, FL TS -— Entered SC Aiken area,
: weakening to extratopical sta-
ge; entered NC Charlotte area.
1902 October 11 Pascagoula, MS TS -— Entered SC mountains as extra-
tropical storm moving NE.
1903 September 16 Panama City, FL TS -—- NW, then E across SC as tropi-

cal depression.
1904 September 14  Charleston-

Georgetown, SC H-1 -— NW, then turned NE; high winds,
heavy rains $1.5 million
damage.
1904 November 5 Biloxi, MS TS -— Entered SC NW of Savannah,

moved NE and out to sea; heavy
rains.
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TABLE 1-2 (Continued)

HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1906 September 17  Georgetown, SC H-3 --- TS after passing coastline;
heavy rains; considerable
damage to shipping.

1907 September 22  New Orleans, LA TS _— Moved NE, weakened to extratro-
pical storm; crossed upper SC
piedmont.

1907 September 28-29 Panama City, FL TS -—- Entered SC above Savannah, GA;
moved NE along coast and out to
sea.

1908 October 23 Charleston-

Georgetown, SC TS -—- Weakening, moved inland and
dissipated; heavy rains in NE
SC.

1910 October 29 Ft. Myers, FL H-3 —- Weakened rapidly to TS, moved
NE and passed off SC coast;
some damage to shipping.

1911 August 28 Savannah, GA-

Beaufort, SC H-2 — 106 mph winds, high tides; 17
dead; $1 million damage at
Charleston; moved W into
Georgia, recurved to NE.

1912 June 13-14 Lafayette, LA TS -— Moved NE through NW SC and out
to sea near Cape Hatteras, NC.

1912 July 15 Brunswick, GA TS -— Winds and heavy rain in lower

SC.



TABLE 1-2 (Continued)

HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1913 September 4 Morehead City, NC H-1 -—- Rapidly dissipating storm;
heavy rain in SC mountains.

1913 October 8-10 Charleston, SC TS — Curved sharply NE, exited
Cheraw, SC area; heavy rains in
NE SC.

1915 August 2-3 Daytona Beach, FL TS - Curved NNE, entered Aiken area,
SC.

: 1916 July 14 Bulls Bay, SC H-1 -— Moved NW as tropical storm;
w record rainfall, $10-11 million
damage, mostly flooding.

1916 September 5-6 Wilmington, NC TS -—- Caused some rain in NE SC, but
passed well to NNE.

1916 October 4 Savannah, GA TS -— Tropical depression at land-
fall; moderate gales and rain-
fall in lower SC.

1920 September 22-23 Wilmington, NC H-1 -—- Weakening tropical storm; rain
squalls NwW SC.

1924 September 16 Panama City, FL H-1 -—- Moved out to sea, Savannah, GA;
along coast as TS. Winds and
rain, lower SC coast.

1924 September 29  Cedar Key, FL TS -— NE across coastal SC as extra-

tropical storm. Winds, rain.
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TABLE 1-2 (Continued)
HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &
YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1927 October 2-3 Savannah, GA TS _— 50 mph winds at Charleston, SC;
rain.

1928 August 10-11 Melbourne, FL H-2 —- Passed NE over SC Piedmont as
extratropical storm; heavy
rain, wind, two tornadoes.

1928 September 18  Melbourne, FL H-4 - Recurved NE across lower
coastal plain, Jacksonville, FL
to Greenville, NC, then N to
Canada. At H strength into SC;
TS into Pa. 5 dead. 10-12"
rainfall; severe flooding; $4-6
million damage.

1929 October 1-2 Apalachicola, FL H-3 -— Entered SC, Aiken area, as
extratropical storm. Heavy
rains on already saturated soil
caused severe flooding, and
established many new high water
marks.

1933 September 7 Palm Beach, FL H-3 -— Recurved NE after landfall on
9/3; dissipated in SC.



TABLE 1-2 (Continued)

HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1934 May 28-31 Ft. Myers, FL TS -— Second landfall at Savannah,
Ga. Circular track NW to moun-
tains, then made loop through
GA, then E near Aiken and
dissipated.

1935 September 5 Cedar Key, FL H-2 -— Skirted W FL coast, curved NE
over GA, SC and NC as tropical
storm. Heavy rains, 55 mph

— winds, four tornadoes in SC.

|

o 1938 October 24 Cedar Key, FL TS --- Extratropical storm along SC
coast.

1939 August 18 Melbourne and

Apalachicola, FL H-1 -—- Entered SC as tropical depres-
sion. Heavy rains western SC.

1940 August 11 Beaufort, SC H-2 — WNW tract; 34 dead, $9.9 mil-

lion property and crop damage
in SC. Hurricane force main-
tained over most of coast.

1941 October 7-8 Miami and
Apalachicola, FL H-2 -—- Tropical storm through GA and
SC; out to sea at Charleston,
SC. Heavy rains.
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TABLE 1-2 (Continued)

HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &
YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS
1944 August 1-2 Wilmington, NC H-1 - Heavy rains in NE SC.

1944 October 19-20 Edisto Island-
Charleston, SC H-2 -—- Moved across FL into the
Atlantic, entered SC as TS.
$350,000 property and crop
damage. Heavy rains.

1945 June 24-25 Crystal River, FL H-1 —- Moved across FL and NE well
offshore; regained strength;
gale winds and heavy rains.

1945 September 17  Savannah, GA-

Hilton Head, SC H-3 - Moved N out of FL, offshore
then N through SC coastal
plain. High winds, severe
flooding, tornado; $6-7 million

damage.
1946 July 5 NC/SC State Line TS -— Heavy rain in NE SC.
1946 October 8 Tampa- St.
Petersburg, FL H-1 - TS through SC lower piedmont.
Heavy to excessive rains,
moderate winds.
1947 November 2-3  Palm Beach, FL TS - Dissipating through eastern SC

and out to sea. Moderate winds
and rainfall.



TABLE 1-2 (Continued)

HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &
YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS
1947 September 24  Cedar Key, FL TS --- Moved NE as extratropical storm
through east-central SC.
1947 October & Jacksonville, FL TS -—- Circled N and across SC upper
piedmont in dissipation state.
1947 October 15 Savannah, GA H-2 -—- High tides, gale winds,
light-to-moderate rainfall.
1949 August 28 Palm Beach, FL H-3 -—- NNE through west central SC as
- TS.
3
1950 September 7 Crystal River, FL H-3 Easy Peripheral effect of dissipa-
tion stage on SC upper
piedmont; heavy rains and gale
winds.
1950 October 18-19 Miami, FL H-3 King Peripheral effects; heavy
intermittent rain in SE SC.
1950 October 21 Cedar Key, FL H Love Peripheral effects; moderate-

heavy intermittent rain.
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TABLE 1-2 (Continued)
HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1952 August 30-3] Beaufort, SC H-1 Able 80-90 mph winds, excessive:
rains; 2 deaths, $3 million
damage.

1953 August 31 -

September 1  Savannah, GA TS — NNE across state a as weak TS.

1953 September 20-21 Cedar Key, FL TS —- Dissipating, moved across N FL,
E GA, and offshore SC coast.
Scattered rainfall, moderate
winds.

1953 September 27  Panama City, FL H-1 Florence NE over FL, GA; weakened to
extratropical storm. Gale
winds; heavy to excessive
rainfall.

1954 October 15 SC-NC State Line H-4 Hazel One of the most severe storms
to hit SC to date. | dead;
highest 16.9 ft (MLW) tides;
$27 million damage.

1955 August 11-12 Cape Lookout, NC H-3 Connie Passed well offshore; two tor-

' nadoes in NE SC.
1955 August 17 Wilmington, NC H-1 Diane Moved NNW into NC; heavy rains,

high tides, $100,000 damage in
SC.



TABLE 1-2 (Continued)
HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1955 September 18-19 Morehead City, NC H-3 Ione Passed offshore; moderately
higher tides north coast, heavy
rains NE SC.

1956 September 25  Ft. Walton, FL H-1 Flossy Moved NE as TS; extratropical
storm across coastal plain of
SC.

1957 June 8-9 Apalachicola, FL TS - Moved NE and out to sea off

— Beaufort-Edisto Island, SC.
! Damaging rains.
©

1958 September 27 None H Helene Approached N coastal area,
curved NE. Minor damage from
storm's fringe effects.

1959 July 8-9 McClellanville, SC H-1 Cindy I dead, gale winds, high tides,
heavy rains (to 10" some areas)
caused considerable flash
flooding.

1959 September 29  St. Helena Isl., SC H-3 Gracie Moved NW at H strength, 100 mph

winds; weakened to TS, passed
Columbia, turned NNW and into
NC near Gastonia. Winds 140 mph
at landfall; tides near 6 ft.
above normal; several fatali-
ties; disaster-proportion pro-
perty damage S coast; heavy
crop damage; moderate to heavy
flooding from 6-8" rainfall.
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TABLE 1-2 (Continued)

HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1560 July 29 Cedar Key, FL TS Brenda Moved NE, passed just offshore
SC coast. Heavy to excessive
rain; little damage.

1960 September 11  Tampa-

St. Petersburg, FL H-4 Donna Passed NNE-NE offshore; gale
winds, rain squalls; two tor-
nadoes did minor damage.

1961 September 13  Wilmington, NC TS -—- Tropical depression well
offshore; TS at landfall; no
significant effects on SC.

1963 October 25 Offshore H Ginny Stayed 50+ mi. offshore; heavy
rains along coast; slight
damage.

1964 August 29-30 Palm Beach, FL H-2 Cleo Moved NNW as dying TS, turned
NNE over upper piedmont SC;
gale winds along coast, several
tornadoes; 3-8" rainfall, some
flooding; crop damage.

1964 September 12-13 Jacksonville, FL H-2 Dora Moved W as TS, turned NE thru

SC coastal plain. 3-8" rain-
fall; one tornado; minor
damage.



TABLE 1-2 (Continued)

HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1964 October 4-5 New Iberia, LA H-3 Hilda Heavy peripheral rains from
mountains to midlands and NE.
Flash floods, stream flooding;
one dead; livestock and crop
damage.

1965 June 15-16 Panama City, FL TS -— Extratropical storm across SC
midlands; generally heavy
rainfall.

z 1966 June 10 Apalachee Bay, FL H-2 Alma Crossed SE SC as TS. Heavy
— rains, flooding; 90% of cotton
crop lost.

1968 June 7-11 Tampa-St.

Petersburg, FL TS Abby Entered SC near Aiken, N into
NC; curved NE, then SE, into NE
SC. Minor flooding, crop and
property damage; 3-10" rain and
beach erosion.

1968 October 19-20 Cedar Key, FL H-1 Gladys Passed of.fshore, at full

' strength, closest in NE SC.
Rain, minor flooding.
1970 May 25-26 Cedar Key, FL TS Alma Heavy rains in dissipation

after landfall; NE across SC
midlands as tropical
depression, flooding; $50,000
crop damage.
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TABLE 1-2 (Continued)

HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1972 June 20-21 Panama City, FL H-1 Agnes Passed across SC causing heavy
rains in western SC.

1972 September 13-14 None H Dawn Erratic in movement well off-
shore, recurved before dissipa-
ting while moving NE along GA
and S coast of SC. Rain and
wind.

1975 June 27-28 None TS Amy Weak tropical depression NE off
SC coast; tides 1-2' above
normal.

1975 October 25-28 None TS Hollie NE path about 100 miles off SC
coast; no significant damage.

1976 August 20-21 Charleston, SC TS Dottie N from FL Keys to Charleston;
higher than usual tides, beach
erosion, rains.

1976 September 14-15 None -— -— Subtropical storm moved N from

central FL; offshore near
Jacksonville; on shore near
Charleston; 3-4" rain; 2-3 feet
higher tides; beach erosion and
minor street flooding.
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HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1977 September 7-8 Morgan City, LA H-1 Babe Dissipation stage moved E
across SC upper piedmont, out
to sea over Cape Hatteras.
Heavy rains.

1979 September 4 Savannah, GA H-2 David NNE through SC $10 million
damage; five tornadoes, 6-8"
rains, much beach erosion.

1981 August 19-20 N Myrtle Beach, SC TS Dennis Heavy rains, 6" or more; signi-

T ficant flood damage in low-
w lying areas. Reached hurricane
strength after exiting.

1984 September 11-14 near Wilmington, NC H-2 Diana Minimal category 2 at landfall;
heavy rains, high winds; minor
damage in SC.

1984 September 29-30 Palm Beach, FL TS Isidore Moved NE well offshore; Heavy
rains.

1985 July 25 Fripp Island, SC H-1 Bob Minimal hurricane came ashore

at Fripp Island and moved
northward,
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HURRICANES AND TROPICAL STORMS AFFECTING SOUTH CAROLINA

GENERAL TYPE OF STORM &

YEAR DATES IN SC LANDFALL AREA HIGHEST CATEGORY STORM NAME COMMENTS

1985 August 17 Beacon Island, LA H Danny Danny dissipated into large
disorganized area that passed
across the NW tip of the state
causing four tornadoes in
Spartanburg, York, and Union
Counties.

1985 November 22 Panama City, FL H Kate Downgraded to a TS; moved east-

ward across the southern tip of
SC. The storm turned NE and
passed up the coast before
moving out to sea. Damage minor

TS - Tropical Storm
H - Hurricane
Refer to Table 2-1 for description of categories of storms and damage potential.

¥ _ An extratropical storm is of less intensity than a tropical storm, but causes some damage.
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CHAPTER TWO
HAZARDS ANALYSIS

L. PURPOSE

The hazards analysis is a means of describing, evaluating, and quantifying
"meteorological events" of hurricanes, high winds, high tides, storm surges,
saltwater flooding (an effect of combined high tides and storm surge), heavy
rainfall before, during, and after hurricane passage, and accompanying fresh-
water flooding. Tornadoes often occur during hurricane events, but because of
the uncertainty of determining where or when they may develop, no attempt was
made to include them in evacuation planning.

The primary objective of the hazards analysis is to project a worst-case
scenario for hurricanes of varying intensities having a reasonable meteorolo-
gical probability of penetrating the South Carolina coast or passing within cer-
tain distances offshore. For the purpose of the study, '"worst-case" describes
peak storm surges, wind speeds, tidal effects and rainfall from hurricanes for

all locations in the project area, regardless of specific landfall. Worst-case
effects are used because of the uncertainty in accurately forecasting precise
tracks, landfall, and other parameters of hurricanes. Sections II, IH, 1v, V,

and VI treat each of the hazards associated with hurricanes affecting South
Carolina.

IL. STORM SURGE
A. General.

The greatest loss of life during the passage of a hurricane is from drowning.
The sudden rise of water accompanying the arrival of a hurricane cuts off escape
routes, trapping residents who have not moved to safe areas. The greatest
hurricane disasters, including the complete destruction of large towns, have
been attributed to the sudden innundation produced by these storms.

A hurricane traveling along or across the continental shelf develops a '"fan"
of water ahead of and accompanying the storm. The greatest buildup of water
usually is to the immediate right of the center or eye of the hurricane. This
buildup of water is called the storm surge.

Winds accompanying a hurricane are the greatest single factor in the buildup
of storm surges. As they blow across the surface of the sea, they exert a
horizontal force creating a surface current in the general direction of the

wind. In turn, the surface current creates a subsurface current...a process
recurring to some depths, depending on the intensity and forward motion of the
hurricane. A fast-moving hurricane of moderate intensity, for example, may

create subsurface currents only to a depth of one hundred feet; whereas subsur-
face currents of a slow-moving, moderate intensity storm can exist to depths of
several hundred feet.
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As the hurricane approaches a coastline, subsurface currents are slowed by
the upward slope of the sea floor, causing the water level to rise. The amount
of rise increases shoreward, reaching a maximum at the shore, or inland if bays,
estuaries or rivers are present.

Elevation of the storm surge within a coastal basin is a function of both
meteorological parameters of the hurricane and physical characteristics peculiar
to the particular basin. Meteorological parameters include: intensity of the
hurricane (determined by the differential between central and ambient barometic
pressures), path or track of the storm, forward speed of the hurricane, and
storm size (determined by wind speed the radius of maximum winds).

In general, the highest storm surges occur in the radius of maximum winds -
the region to the immediate right of the center of the eye - where the highest
winds come ashore. While normal storm surges can occur over distances of 100
miles along a coast, distances of maximum storm surge can encompass as little as
four miles or as much as 50 miles.

Physical characteristics affecting storm surge include bathymetry (water
depth) irregularity of the sea floor, coastal configuration, existence of signi-
ficant natural or man-made barriers, and to a lesser extent, the energy-absorb-
ing effect of large expanses of marsh grasses.

Another significant factor affecting storm surge height is the water level
within the basin at the time of the hurricane's arrival including the astronomi-
cal tide plus any anomalous (abnormal) sea surface height.

B. The Saffir/Simpson Hurricane Scale.

The primary factor determining hurricane intensity, thereby categorizing
them by expected severity of damage, is the difference between barometric
pressure within the storm (central barometric pressure) and barometric pressure
outside the storm system (ambient barometric pressure). The greater the dif-
ference between these figures, the more intense the hurricane and the greater
its damage potential. :

The Saffir/Simpson Hurricane Scale (Table 2-1) is probably the best known
and most widely used method or model for quantifying hurricanes. It is both
descriptive and quantitative, providing types of expected damage plus windspeeds
and storm surge heights for each intensity category. The Scale assumes an
average uniform coastline for the continental United States and does not reflect
effects of local features such as bathymetry, coastal configuration, barriers
and other factors which can affect surge heights in specific locales.
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TABLE 2-1
SAFFIR/SIMPSON HURRICANE SCALE

CATEGORY 1. Winds of 74 to 95 miles per hour. Damage primarily to shrubbery,

trees, foliage and unanchored mobile homes. No real damage to other structures.
Some damage to poorly constructed signs. And/or: storm surge 4 to 5 feet above
normal. Low-lying coastal roads inundated, minor pier damage, some small craft
in exposed anchorage torn from moorings.

CATEGORY 2. Winds of 96 to 110 miles per hour. Considerable damage to shrub-
bery and tree foliage; some trees blown down. Major damage to exposed mobile
homes. Extensive damage to poorly constructed signs. Some damage to roofing
materials of buildings; some window and door damage. No major damage to
buildings.  And/or:  storm surge 6 to 8 feet above normal. Coastal roads and
low-lying escape routes inland cut by rising water 2 to 4 hours before arrival
of hurricane center. Considerable damage to piers. Marinas flooded. Small
craft in unprotected anchorages torn from moorings. Evacuation of some shore-
line residences and low-lying island areas required.

CATEGORY 3. Winds of 111 to 130 miles per hour. Foliage torn from trees; large
trees blown down, Practically all poorly constructed signs blown down. Some
damage to roofing materials of buildings; some window and door damage. Some
structural damage to small buildings.  Mobile homes destroyed.  And/or:  storm
surge 9 to 12 feet above normal.  Serious flooding at coast and many smaller
structures near coast destroyed; larger structures near coast damaged by bat-
tering waves and floating debris. Low-lying escape routes inland cut off by
rising water 3 to 5 hours before hurricane center arrives.  Flat terrain 5 feet
or less above sea level flooded inland 8 miles or more. Evacuation of low-lying
residences within several blocks of shoreline possibly required.

CATEGORY 4. Winds of 131 to 155 miles per hour. Shrubs and trees blown down;
all signs down. Extensive damage to roofing materials, windows and doors.
Complete failure of roofs on many small residences. Complete destruction of
mobile homes. Andfor: storm surge 13 to 18 feet above normal. Flat terrain 10
feet or less above sea level flooded inland as far a 6 miles. Major damage to
lower floors of structures near shore due to flooding and battering by waves and
floating debris.  Low-lying escape routes intand cut off by rising water 3 to 5
hours before hurricane center arrives. Major erosion of beaches. Massive eva-
cuation of all residences within 500 yards of shore possibly required, and of
single-story residences on low ground within 2 miles of shore.

CATEGORY 5. Winds greater than 155 miles per hour.  Shrubs and trees blown
down; considerable damage to roofs of buildings; all signs down. Very severe
and extensive damage to windows and doors. Complete failure of roofs on many
residences and industrial buildings. Extensive shattering of glass in windows
and doors. Some complete building failures. Small buildings overturned or
blown away. Complete destruction of mobile homes. And/or: storm surge greater
than 18 feet above normal. Major damage to lower floors of all structures less
than 15 feet above sea level within 500 yards of shore. Low-lying escape routes
inland cut off by rising water 3 to 5 hours before hurricane center arrives.
Massive evacuation of residential areas on low ground within 5 to 10 miles of
shore possibly required.
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More recently, the National Hurricane Center added to the Saffir/Simpson
Hurricane Scale a table of ranges of central barometric pressures associated
with each intensity category of hurricane (Table 2-2).

TABLE 2-2
SAFFIR/SIMPSON HURRICANE SCALE
WITH
CENTRAL BAROMETRIC PRESSURE RANGES

CENTRAL PRESSURE WINDS SURGE

CATEGORY  MILLIBARS INCHES (MPH) (FT.)
1 >980 >28.94 74 - 95 4 - 5

2 965-979 28.50-28.91 9% - 110 6 - 8

3 945-964 27.91-28.47 111 - 130 9 - 12

4 920-944 27.17-27.88 131 - 155 13 - 18

5 <920 <27.17 >155 >18

C. Maximum Elevation of Water.

For planning purposes it is extremely desirable to know the maximum level of
innundation produced by a hurricane as well as an indication of when critical
escape routes will be cut off. Historical information lacks the detail needed
for adequate hurricane preparedness planning. To overcome this difficulty the
National Weather Service has for many vyears experimented with various simula-
tions of hurricane events using both laboratory and computer models. The most
comprehensive computer model, Sea, Lake, and Overland Surge from Hurricanes
(SLOSH), and an earlier useful model, Special Program to List the Amplitude of
Surge from Hurricanes (SPLASH), were used in the South Carolina Hurricane
Evacuation Study. Details of these models and their usage may be found in
Appendix One, Part Three of this Technical Report.

L. Grand Strand Region - The reader is referred to Appendix One to
see the portions of the Grand Strand that would be innundated when hurricanes of
various categories strike the coast. Part One shows these maximum elevations by
direction of storm movement, while Part Two includes the maximum elevation by
category of hurricane irrespective of the direction the hurricane is moving.

Part Two of Appendix One has an added feature...it also shows the
additional area that would be innundated if the hurricane arrived at time of

high tide.

It is obvious from an inspection of these charts that a major hurri-
cane striking the northeast coast would cut off escape routes making it man-
datory that evacuation be completed in advance of the storm's arrival.



Time history and hourly history information is also provided as
Appendix Three, Parts Three, Four, and Five. This data gives a chronology of
storm surge and wind data that may be expected during the passage of hurricanes
of various categories and directions.

2, Lower Coast Region - Similar information is also included for the
lower coastal region in Appendix Three, Parts One and Two. It becomes imme-
diately obvious from these data that a hurricane striking the lower coastal

region has a potential of affecting a much larger area due to the flat terrain,
exposed coastal islands, and extensive water-marsh areas.

II. DESTRUCTIVE WINDS

Hurricanes produce the strongest sustained surface winds known to man. A
few anemometers, specially constructed for hurricane measurements, have recorded
winds above 160 mph. It is believed that over the sea and at a distance of a
few hundred feet above the ground the wind speed during an intense hurricane may
attain 200 mph in a very small area.

Damage caused by hurricane produced winds may be extensive and at times

unbelievable. The pressure that wind exerts on buildings is roughly propor-
tional to the kinetic energy of the wind and therefore to the square of the wind
speed. Buildings used for hurricane shelters should be of reinforced construc-

tion so as to better withstand the high winds associated with a hurricane.

Wind damage to multi-story buildings is usually greater over the top part
of the structure because frictional effects tend to reduce the wind speed at and
near the ground. For example during the passage of a tropical storm along the
coast during 1985, a building in the Grand Strand area suffered considerable
damage to the inner walls near the top of the building while near the ground
there was little damage. Glass plated buildings are particularly vulnerable to
damage from high winds.

Since most hurricanes display a high degree of circular symmetry, the
highest and most destructive winds are usually found in a narrow ring around the
eye of the hurricane.

At larger distances from the eye, the strongest winds are usually con-
centrated within spiral rainbands that radiate out counterclockwise from the
wall clouds surrounding the hurricane's eye.

The sustained wind speeds decrease rapidly as the storm moves inland.
However, damaging wind speeds in squalls may occur for more than 100 miles

inland.

The combination of high winds and heavy rain causes extensive limb breakage
as well as overturned trees. For this reason power outages may be expected to
always occur during the passage of hurricanes.

The direction of movement of storms affecting the coastal counties has an

important bearing on the amount of damage that the storm ptoduces. If a hurri-
cane moves northeastward along and off the coast the amount of damage is usually
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minimized. A similar storm moving northwestward or westward would cause con-
siderable damage. Historical information indicates a large percentage of tropi-
cal storms and hurricanes are from the southwest or are moving northeast,
although a significant percentage are from the east to southeast quadrant.  Such
were the cases when Hazel (1954), Gracie (1959), and Diana (1984) caused major
damage in South Carolina.

IV. TIDAL INFORMATION

A. General.
|
Tides have a noticeable effect on the elevation of water during the passage
of a hurricane. A storm making landfall at high tide will produce higher surges
and flood larger areas than a similar storm making landfall at low tide.

Along the Gulf and Florida coasts (where the first SLOSH computer runs were
made), daily tidal fluctuations are generally quite small and provide only a
small contribution to the final storm surge elevation. Along the South Carolina
coast, however, there is considarable difference in the range of the height be-
tween low and high tide. These differences are generally greater along the
south coast near Savannah as compared to those of the Grand Strand area of the
northeastern coast.

1. Grand Strand Region - Along the outer coastline of Horry County
the range between the height of low and high tide is usually between 4.5 and 5.2
feet; while during spring tide the range increases to 4.5 to 6.0 feet. The
spring tide range is the semidiurnal range occurring semi-monthly as a result of
the moon being new or full.

2. Lower Coast Region - Southward along the outer coastline from
near Beaufort to Savannah, the range between the low and high tide increases
generally to 6 to 8 feet; while during spring tide the range is greater, being
mostly 6.5 to 9.5 feet,

B. Surge Elevation Including Tidal Changes.

The initial sea-surface heights set in the SLOSH models for the study was
mean sea level (msl) plus one (1) foot. A tide anomaly of approximately one (1)
foot above normal levels occurs several days prior to the arrival of a hurri-
cane.

In order to estimate the effect of tides on final water elevations, the
SLOSH models were run assuming that the various hurricanes struck at time of
high tide.  Charleston basin high tide simulations were based on a +3 feet msl
datum. Savannah/Hilton Head Island high tide simulations were based on a +5
feet msl datum.

The next step was to compare the runs of a plus 1 foot datum with those
made at time of high tide, noting differences in water level elevations produced
at each grid point. Appendix One, Part Two shows those additional areas that
would be flooded if a storm struck at time of high tide.
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V. FLOODING FROM HEAVY RAINFALL

A. General.

Hurricane evacuation may be complicated by freshwater flooding resulting

from rains preceding, as well as associated with, the passage of the storm.
Rainfall exerts only a minor influence on transient water levels of the storm

surge itself and does not normally necessitate emergency evacuation of large

numbers of people during the passage of a hurricane, as does the storm surge.
Heavy rains, however, cause early innundation of roadways used as evacuation

routes by persons attempting to escape from hurricane storm surge flooding.

The amount and arrival time of rainfall associated with hurricanes are

highly unpredictable. For most hurricanes, the heaviest rainfall begins near
the time of arrival of sustained gale-force winds. However, heavy rains in
amounts exceeding five to ten inches can precede an approaching hurricane by as
much as 24 hours. Unrelated weather systems can also contribute significant

rainfall amounts in advance of a storm.

The intensity of the hurricane is not necessarily an indication of the
amount of rainfall; for example, the passage of tropical storm Dennis (August,
1981) caused four to ten inches over portions of the Grand Strand area, although
winds and tides produced little damage.

B. Flood Prone Areas.

Due to the unpredictability of rainfall from hurricanes, no attempt was
made to employ sophisticated modeling or analysis in quantifying effects of
rainfall for the South Carolina Hurricane Evacuation Study area. Areas and
facilities which have historically flooded during periods of heavy rainfall were
identified throughout the study area. These flood prone areas for the coastal
counties are shown as follows:

I. Grand Strand Region - Figure 2-1, Georgetown County, shows fresh-
water flood prone areas. In the unlikely event that the Great Pee Dee River
were in flood at the time hurricane rains fall, additional areas would be innun-
dated. Some of the more flood prone areas of the county are as follows:

(A) A main evacuation route, US 17A and SC 521 in uptown Georgetown,
requiring a detour of several blocks.

(B) Several areas along SC 18 south of Maryville and Georgetown.

(C) A bridge on SC 31 as well as intersecting SC 24 and SC 744 all
of which cross a creek that feeds into the North Santee River.

(D) A bridge across Kinlock Creek on SC 30 near Rice Hope and Doar
Plantations. '

(E) Several areas along SC 42 west of Maryville including the
Sampit area.
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(F) A bridge on SC 20 which crosses a creek stemming from Indian
Hut Swamp.

(G) Several areas on or near the Williamsburg County line just
north of Andrews along SC #4l.

(H) A bridge on SC 51 which crosses Six Mile Creek.

(D A bridge on SC 52 near Chicora Wood Plantation.

(J) An area on SC 264 which crosses Cypress Creek near Glenmore

(K) Several areas along US 17; near Marysville Church and SC 759,
Waverly Mills, near Litchfield Beach, Brookgreen Gardens, and the area of

SC 392.

(LY A bridge crossing a creek on SC 306 near the juncture of SC 513
in the northern part of the county.

(M) SC 36 crossing Port Creek and near SC 55 juncture in the
northern part of the county.

Figure 2-2, Horry County, indicates roads subject to freshwater

flooding during and following periods of heavy rainfall. There are exten-
sive areas near the Waccamaw River that are subject to river flooding. The
Waccamaw is very slow to respond to rainfall. It is not likely that river

flooding resulting from rainfall associated with the hurricane in progress
would become a problem during the passage of the hurricane involved
although it could and most likely would be a consideration during recovery
efforts. Some of the flood prone areas of the county are as follows:

(A) Flash flooding during and immediately following heavy rains
affects and in some cases blocks a number of streets in Conway. While such
flooding would not halt evacuation, in some instances it would cause
delays, detours, and disruptions to traffic moving along streets and high-
ways.

(B) An extensive stretch of Garden City Beach ocean-front road,
several streets in Surfside Beach, and US 17 Business at Surfside Beach.

(C) Several areas along SC 544 from Socastee north to Conway and
SC 707 east of Socastee.

(D) SC 137 and SC 992 west southwest of US 501 near Socastee Swamp
and Forestbrook and along US 5001 about 2 miles from Myrtle Beach Raceway
toward Conway.

(E) SC 90 near Riverside Club east of US 501, the juncture of SC 90
and SC 901 area, and SC 901 near Lee's Landing.

(F) The area of SC 106 and SC 165 juncture just north of Conway.
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(G) Several stretches of SC 24; a bridge which crosses Pawleys
Swamp at Dongola, northward of SC 135 juncture, the intersection of US 378

and SC 24 at Pee Dee Crossroads, and the intersection of SC 24 and SC 99 at
Jordanville.

(H) The intersection area of SC 934, SC 63, SC 1019, and US 378 in
the Forney area.

() A stretch of SC 78, SC 1019, and an unidentified road, all of
which form a triangle south of Brown Swamp.

(J) The bridge crossing Brown Swamp and the intersection area of SC
78 and SC 548.

(K) An area of ocean-front road between The Dunes and Lake
Arrowhead.

(L) A section of US 17 at North Myrtle Beach.

(M) A section of SC 90 and SC 57 which intersect near North Myrtle
Beach Elementary School.

(N) The area of Red Bluff Crossroads and extending southward on SC
31 across Waccamaw River and several bridges crossing the swamp.

(O) SC 545 in the area south of Kingston Lake Swamp.

(P) An area at the intersection of SC 911 and SC 139 near White Qak
Swamp.

(Q) Several areas eastward from SC 19 along SC 112 east of
Allsbrook.

(R) Several stretches of SC 31 from Daisy northward into Loris and
including portions of intersecting SC 754, SC 568 at Longpoint, and SC 9
eastward in Loris.

(S) Numerous roads off of and including SC 45 westerly near Loris
and south of Pleasant Meadow Swamp.

(T) Several roads near Jernigans Crossroads along SC 103, SC 646,
and other unidentified roads.

(U) A section of US 70l and SC 842 which intersect near Twin Cities
Airport.

2. Lower Coast Region - Figure 2-3, Beaufort County, shows several
areas that may be affected by flooding from heavy rains. These areas are:

(A) In and near the traffic circle at Forest Beach on Hilton

Head Island. Runoff during and immediately following heavy rains may cause
flooding up to the axles of cars. This is largely a result of inadequate
drainage.
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(B) SC 45 near Port Royal Sound is subject to flooding during
periods of high tides.

(C) Also, about 2 miles north of this location, on SC 77,
flooding may occur during periods of high water.

(D) Flooding also occurs on SC 45 a short distance north of the
intersection with SC 169.

(E) US 21, a main evacuation route from Hunting Island, has been
flooded during wunusually high tides in the lower areas near the intersection
with SC 170.
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