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Plates 1-16. Maps showing elevations of high-water marks and survey marks used to document
the storm tides caused by Hurricane Marilyn, September 15-16, 1995:
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Storm-Tide Elevations Caused by Hurricane Marilyn
on the U.S. Virgin Islands, September 15-16, 1995

By Heriberto Torres-Sierra

Abstract

Hurricane Marilyn impacted the U.S.
Virgin Islands with maximum reported winds
gusting to near 130 miles per hour from late at
night on September 15 to early morning on
September 16, 1995. As much as 11.40 inches of
rain fell on the island of St. Croix near the airport
on September 15. Most of the hurricane damage
in the U.S. Virgin Islands resulted from high wind
velocities and tidal flooding along coastal areas.
At least nine people died and thousands were left
homeless as a result of the hurricane. St. Thomas
was particularly hard hit; 80 percent of the
buildings were damaged or destroyed, six people
were killed, and thousands were left homeless.

High-water marks produced by the storm tide
from Hurricane Marilyn during September 15-16,
1995, were identified, described, and level-
surveyed along the populated coastal areas of
Charlotte Amalie in St. Thomas, Cruz Bay and
Coral Bay in St. John, Frederiksted and
Christiansted in St. Croix, and at other selected
areas along the islands’ coasts. One hundred
seventy-three high-water marks are presented in
tabular form listing plate name, mark number,
location, latitude, longitude, type and quality of
the mark, and high-water mark elevation. Profiles
defining the surveyed storm-tide elevation, the
inland extent of coastal flooding, and the ground
elevation at selected coastal areas are also
presented in this report. High-water levels ranged
from about 11.4 feet above mean sea level at
Estate L.a Grande Princesse in St. Croix to 3.1 feet
above mean sea level at Limestone Bay, Estate
Krausses Lagune in St. Croix.

INTRODUCTION

Hurricane Marilyn, a Category 2 hurricane
(Saffir-Simpson scale), made landfall on the islands of
St. Croix and St. Thomas, U.S. Virgin Islands (USVI)
during September 15-16, 1995. The hurricane, with
maximum reported winds gusting to near 130 miles
per hour, left a path of devastation throughout the
islands. This hurricane was one of the most destructive
of the nine major hurricanes that have hit the area
since the late 1800’s (table 1). As much as 11.40
inches of rain fell on St. Croix on September 15.
Although some river flooding occurred in low-lying
areas near guts (dry stream courses), most of the
flooding resulted from tidal flooding along the islands’
coasts. The maximum storm-tide elevation measured
was 11.4 feet above mean sea level on St. Croix. On
St. John and St. Thomas, the maximum storm-tide
elevations measured were 11.3 and 10.9 feet above
mean sea level, respectively. Damage from Hurricane
Marilyn was severe throughout the USVI, particularly
on St. Thomas, where about 80 percent of the
buildings were damaged or destroyed. Nine people
died, several were injured, and thousands were left
homeless as a result of the hurricane.

The U.S. Geological Survey (USGS), in
cooperation with the Federal Emergency Management
Agency (FEMA) and the U.S. Army Corps of
Engineers (USACE), collected data in the USVI on
the storm-tide elevations caused by Hurricane
Marilyn. This report presents a brief description of the
hurricane and its pathway, the effects of the hurricane,
the storm-tide elevation data obtained at 173 sites, and
a series of maps showing the location and elevation of
high-water marks, bench marks, and reference marks.
The data presented may be useful for flood-insurance
purposes and in guiding future development in these
areas.
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Table 1. Chronology of major hurricanes impacting U.S. Virgin Islands from 1867 through 1995

Remarks

Date Area affected
October 29, 1867 St. Thomas
October 9, 1916 St. Thomas

August 28-29, 1924 St. Thomas, St. Croix

September 12-14, 1928  St. Croix
August 6-7, 1955 St. Thomas
August 11-12, 1956 St. Croix

August 29-31, 1979 St. Thomas, St. John, St. Croix

September 18, 1989 St. Thomas, St. John, St. Croix

September 15-16, 1995  St. Thomas, St. John, St. Croix

Hurricane. Maximum wind speed, 170 miles per hour; lowest
barometric pressure, 27.95 inches. Deaths, 600.

Hurricane. Wind gusts, 160 miles per hour; lowest barometric
pressure, 28.10 inches. Charlotte Amalie, Frenchtown, and
Lindbergh Bay areas severely flooded.

Hurricane. Maximum wind speed, 143 miles per hour;
maximum 24-hour rainfall, 5.7 inches on St. Croix; and
lowest barometric pressure, 28.56 inches. Numerous lives
lost.

Hurricane. Maximum wind speed, 130 miles per hour in St.
Thomas; maximum 3-day rainfall, 16.6 inches on
Christiansted; lowest barometric pressure, 27.50 inches.
Substantial loss of life and extensive damage.

Hurricane Connie. Maximum wind speed, 71 miles per hour;
maximum 24-hour rainfall, 7.0 inches on Charlotte Amalie.
Deaths, 3.

Hurricane Betsy. Maximum wind speed, 86 miles per hour;
maximum 24-hour rainfall, 4.7 inches on St. Croix. Damage,
$30,000.

Hurricane David. Maximum wind speed, 54 miles per hour in
St. Croix; 3-day rainfall, 15 inches.

Hurricane Hugo. Maximum wind speed, 140 miles per hour.
Deaths, 3; 20,000 people homeless; damage, $1.3 billion.

Hurricane Marilyn. Maximum wind speed, 105 miles per
hour. Deaths, 9; thousands people homeless; damage, $2
billion; about 80 percent of buildings damaged or destroyed in
St. Thomas.

The author greatly acknowledges the following
personnel for their assistance in making this study
possible: Iris Correa and Dan Deegan of the FEMA;
Deborah Peterson, Andrew Geller, Dennis Kraus, Mel
Beliky, and Roberto Cortés, of the USACE; and
Rafael Méjica of the National Weather Service
(NWS), National Oceanic and Atmospheric
Administration. Also, cooperation of owners who
allowed access to their properties to obtain high-water
mark elevations is greatly appreciated.

PATH OF HURRICANE MARILYN

Hurricane Marilyn developed from Tropical
Depression 15 that originated over the west-central
Atlantic Ocean on September 12 at 6 p.m., Atlantic
standard time, about 470 miles east of Barbados (11.9
degrees N. latitude and 52.6 degrees W. longitude; fig.
1). The depression traveled west at about 25 miles per
hour (mi/hr) and became Tropical Storm Marilyn on
September 13. On September 14 at 2 a.m., Tropical
Storm Marilyn, located at about 40 miles east of
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Figure 4. Recorded storm-tide elevations resulting from the passage of Hurricane Marilyn at the NOS
tidal gage stations in the U.S. Virgin Islands (modified from National Oceanic and Atmospheric
Administrations, 1996).
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affected by coastal flooding. Many boats were
damaged or destroyed, particularly those docked in
marinas along the southern coast. USVI government
officials reported one person killed and three injured
during Hurricane Marilyn.

VERTICAL DATUM

The vertical datum used for this study is local
mean sea level derived by the U.S. Coastal and
Geodetic Survey (USCGS), which is now named the
National Ocean Service (NOS). The local mean sea
level, which varies with time and distance along the
coastline, is the average, over selected time periods, of
the midpoints in elevation between mean higher-high
water (MHHW) and mean lower-low water (MLLW).
The mean tide level (MTL) established by the U.S.
Department of Commerce, NOS, is physically the
same as the local mean sea level of the USCGS, but is
referenced to MLLW datum. That is, the MTL is the
elevation of the local mean sea level above the
MLLW. The MLLW datum, also called the chart
datum, is used by NOS to minimize the reporting of
negative values in predicting tide elevations. The
entire study area has bench marks established by the
NOS, the USACE, and the USGS based on local mean
sea level datum.

STORM-TIDE ELEVATIONS

Immediately after the storm, the USGS sent
crews to the coastal regions to determine the
maximum water-surface elevations caused by the
storm tide. High-water marks were located, identified
and tied to mean sea level datum by way of level-
surveying. The elevation of each high-water mark was
plotted on USACE maps prepared from aerial
photographs (plates 1-16). Discrepancies between
adjacent high-water marks result from the effects of
wave action, the effects of lag between occurrence of
high water outside or both, and the filling of rooms of
houses where inside marks were obtained. Further
evaluation of local inconsistencies between adjacent
elevations of high-water marks is beyond the scope of
this study. A description of each mark that included a
detailed description of its location, the type of mark
(seedline, washline, driftline, or stainline), and an
assessment of the quality of the mark was prepared.

The quality of each mark was assigned a category for
interpretation of the storm-tide elevation as follows:

* Excellent—A level, extremely well-defined line
of densely accumulated fine debris (or a distinct
stain). Reliable to + 0.05 foot.

* Good—A level, well-defined line of densely
accumulated fine debris (or a distinct stain).
Reliable to + 0.10 foot.

* Fair—A level, but less distinct band of fine or
coarse debris (or stain). Reliable to within + 0.25
foot.

* Poor—A poorly defined band of sparsely
accumulated coarse debris that may undulate due to
surface wave action. Other examples include a
discontinuous scatter of coarse debris on a
structure, a coarse ground line of heavy-vegetative
drift, or debris hanging in the branches of a tree.
Uncertainty in true elevation is greater than about
0.25 foot.

The best high-water marks for determining the
maximum still-water storm-tide elevation generally
were found inside buildings or other locations where
wave action was dampened. Outside marks range from
fair to poor quality because of wave action or, in the
case of debris lines, distortion by high winds that
followed the storm tide. Fifty-three percent of the one
hundred seventy-three high-water marks were rated
poor, twenty-nine percent were considered fair, ten
percent were judged to be excellent, and eight percent
good.

After each storm-tide high-water mark was
located and assigned a quality rating, the elevation of
the mark was determined. Most elevations were
determined by using conventional leveling equipment
and vertical control stations (bench marks) established
by the NOS and the USGS. Descriptions of the high-
water marks are given in table 2 (see page 16).
Descriptions of the survey marks (reference marks and
bench marks) used to determine the elevations of the
high-water marks are given in table 3 (see page 23)
and are shown on the USACE maps (plates 1-16, at
end of report).

Profiles defining the storm-tide elevation, the
inland extent of coastal flooding, and the ground
elevation were surveyed at selected coastal areas on
each island (fig. 5). In St. Thomas, a profile was

Storm-Tide Elevations 9



T T T

St. Thomas

-25 | 4

ELEVATION, IN FEET ABOVE OR BELOW MEAN SEA LEVEL

St. John
-10 } R
15 &
20 } E
-25 E
.30 A 1 A 1 1 'l i L 1 e A il A 1 1 1 i 1
0 100 200 300 400 500 600 700 800 900 1000

DISTANCE, IN FEET
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measured in the St. Thomas Harbor area at Charlotte
Amalie and in the Crown Bay area. Two profiles were
measured in St. John: one in the Cruz Bay area and
another in the Coral Bay area. Three profiles were
measured in St. Croix: one profile was measured in
Frederiksted, one in Christiansted, and one in the
Altona Lagoon Beach area. These profiles were
surveyed normal to the coastline. The approximate
depth of flooding at any point along the inundated area
can be estimated by subtracting the ground elevation
from the storm-tide elevation. The location of these
selected profiles are presented on figure 5.

SUMMARY

During September 15 and 16, 1995, Hurricane
Marilyn caused severe damage in the islands of St.
Croix and St. Thomas, USVI. The hurricane, with
sustained wind speed near 105 miles per hour, left a
path of devastation throughout the islands. As much as
11.40 inches of rain fell on St. Croix on September 15.
Although some damage resulted from river flooding,
most of the hurricane damage in the USVI resulted
from high wind velocities and storm-surge flooding
along the coastal areas. Damage was more severe on
St. Thomas, were about 80 percent of the buildings
were damaged or destroyed, six people were killed,
and thousands were left homeless.

High-water marks produced by the storm surge
from Hurricane Marilyn were identified, described,
and level-surveyed along the most affected developed
coastal areas. One hundred seventy-three high-water
marks are described in this report. High-water marks,
as well as survey marks, are plotted on 16 USACE
maps prepared from aerial photographs.

Storm-tide elevations are presented graphically
and in tabular form. Elevations of the storm tide above
the local mean sea level ranged from about 11.4 feet at
Estate La Grande Princesse in St. Croix to 3.1 feet at
Limestone Bay, Estate Krausses Lagune in St. Croix.
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APPENDIX 1. HURRICANE CATEGORIES

To relate hurricane intensity to damage
potential, the National Hurricane Center uses the
Saffir/Simpson scale which assigns storms to five
categories. Category 1 is a minimum hurricane;
category 5 is the worst case.

CATEGORY 1 - Sustained winds of 74 to 95 miles
per hour and/or storm surge 4 to 5 feet above normal.
Low-lying coastal roads inundated. Minor pier
damage, some small craft in exposed anchorages torn
from moorings. Damage primarily to shrubbery, trees,
foliage, and unanchored mobile homes. Some damage
to poorly constructed signs.

CATEGORY 2 - Sustained winds of 96 to 110 miles
per hour and/or storm surge 6 to 8 feet above normal.
Coastal roads and low-lying island areas inundated.
Considerable damage to shrubbery and tree foliage;
some trees blown down. Major damage to exposed
mobile homes and poorly constructed signs. Some
damage to roofing materials of buildings: some
window and door damage. Considerable damage to
piers. Marinas flooded. Small craft in unprotected
anchoraged torn from moorings.

CATEGORY 3 - Sustained winds of 111 to 130 miles
per hour and/or storm surge 9 to 12 feet above normal.
Serious flooding at coast and flat terrain 5 feet or less
above sea level flooded inland some miles. Many
smaller structures near coast destroyed; larger
structures near coast damaged by battering waves and

floating debris. Low-lying escape routes inland cut by
rising water 3 to 5 hours before hurricane center
arrives. Evacuation of low-lying residences within
several blocks of shoreline possibly required.
Practically all poorly constructed sings blown down.

CATEGORY 4 - Sustained winds 131 to 155 miles
per hour and/or storm surge 13 to 18 feet above
normal. Flat terrain 10 feet or less above sea level
flooded inland some miles. Low-lying escape routes
inland cut by rising water 3 to 5 hours before hurricane
center arrives. Major damage to lower floors of
structures near shore. Major erosion on beaches.
Massive evacuation of all residences within 500 yards
of shore may be required, and of single-story
residences on low ground within 2 miles of shore.
Extensive damage to structures. Complete destruction
of mobile homes.

CATEGORY 5 - Sustained winds greater than 155
miles per hour 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 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.
Shrubs and trees blown down; considerable damage to
roofs of building; and signs down. Some complete
building failures.
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GLOSSARY

Advisory. A method for disseminating hurricane and
storm data to the public every 6 hours. Small craft
warnings are released as necessary.

Tropical Disturbance. A moving area of
thunderstorms in the tropics.

Tropical Wave. A westward moving trough of low
pressure embedded in the deep easterly current. It
tends to organize low level circulation and may travel
thousands of miles with little change in shape,
sometimes producing significant shower and
thundershower activity along its path.

Tropical Depression. An area of low pressure, rotary
circulation of clouds and winds to 38 miles per hour.

Tropical Storm. Counterclockwise circulation of
clouds and winds 39 to 73 miles per hour. The storm is
assigned a name.

Hurricane. When a tropical storm reaches winds of

74 miles per hour or more, it is classified as hurricane.

Hurricane Watch. The watch covers a specified area
and indicates that a hurricane may threaten the area,
but is not imminent.

Hurricane Warning. A hurricane is expected to
strike your area within 24 hours or less with: a)
sustained winds of 74 miles per hour (64 knots) or
higher, and b) dangerously high water or a
combination of dangerously high water and
exceptionally high waves.

Hurricane Center or "Eye'. The relatively calm
area near the center of the storm which can last from
several minutes to an hour or more, but it sometimes
ends suddenly as winds return from the opposite
direction, often with greater force. Do not go out in the
"eye" of the storm as winds can increase to hurricane
force within seconds.

Storm Surge/Tide. The strong winds associated with
Hurricanes and Tropical Storms cause the sea level to
rise above normal tidal heights, with giant wind-
driven waves and strong unpredictable currents,
sometimes covering 50 miles.

Glossary 15
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