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CONVERSION FACTORS, ABBREVIATED WATER-QUALITY UNITS, AND ACRONYMS

Multiply By To obtain
inch 254 millimeter
foot 0.3048 meter
mile 1.609 kilometer
acre 0.4047 hectare

square mile  250.0 hectare

cubic foot per second 0.02832
gallon per minute 0.06308
gallon per minute per foot 0.2070
foot perday!  0.3048

square foot per day 0.09290

cubic meter per second
liter per second

liter per second per meter
meter per day

square meter per day

! The standard unit for transmissivity is cubic foot per day per square foot times foot of an aquifer
thickness [(ft*/d)/ft?]ft. In this report, the mathematically reduced form, foot squared per day

(ft2/d), is used for convenience.

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=5/9 (°F - 32)

Abbreviated water-quality units used in report:

microgram per liter (ug/L)
milligram per liter (mg/L)

microsiemens per centimeter at 25 °C (uS/cm)

Acronyms used in report:

National Oceanic and Atmospheric Administration (NOAA)
U.S. Geological Survey (USGS)

U.S. Virgin Islands (USVI)

U.S. Virgin Islands Energy Office (VIEO)

U.S. Virgin Islands Water and Power Authority (VIWAPA)
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Following Hurricane Hugo the desalination plant in
St. Croix was so heavily damaged that full recovery of
the plant was not possible for weeks following the
storm. Fortunately, in St. Croix, several well fields,
which had limited use in recent years, were connected
to the water distribution system for emergency water
supply. The availability of water from these well fields
prevented a serious water crisis in St. Croix.

Recognizing the need for a better understanding
of the hydrogeology of the USVI, the U.S. Geological
Survey (USGS), in cooperation with the U.S. Office of
Management and Budget, conducted an investigation
from May 1990 through September 1992, to determine
the occurrence and quality of ground water so
emergency ground-water supplies could be developed
to mitigate natural or man induced disasters. This
report describes the hydrogeology of selected lands on
the islands of St. Croix, St. Thomas, and St. John,
USVI. Data used in this report are based largely on
information obtained through test-hole drilling and
well completion.

TEST-HOLE DRILLING AND WELL
COMPLETION

During this investigation, 61 test holes were
drilled (tables 1, 2, and 3). Of these test holes, 12 were
completed as observation wells, 27 were completed as
emergency water supply wells, and 22 were back-
filled and abandoned. Of the 12 observation wells
completed, 8 were instrumented by the USGS with
continuous water-level recorders to monitor ground-
water level fluctuations. Of the 27 emergency water
supply wells completed, specific capacity tests to
determine aquifer transmissivity were conducted on
12 wells and all of the wells were sampled for water-
quality analysis. The test-hole drilling for this study
was completed using the reverse-air circulation
drilling method with an open-center reverse-air drill
bit (Graves, 1992). Information used in this report not
only includes data from the test holes drilled and wells
completed, but also from 16 previously existing wells.
Ten of the existing wells were instrumented with
continuous water-level recorders. Water-quality
samples were collected at six of the existing wells.

The locations of all wells used in this study are
shown in figures 2 through 7. Well numbers, names,
and site identification numbers for these wells are
given in table 4. The well numbers in table 4 apply
only to this report. However, the site-identification
numbers conform with the established USGS Ground-
Water Site Inventory numbering system (Mathey,
1990). The site-identification number does not change
and can be used to reference a specific well in other
USGS publications.

DESCRIPTION OF STUDY AREAS

St. Croix, St. Thomas, and St. John are the
largest of more than 50 islands and cays that make up
the USVL The USVI are located from 50 to 100 miles
east and southeast of Puerto Rico and form part of the
Antilles island arch, which separates the Caribbean
Sea from the Atlantic Ocean (fig.1) (Jordan and
Cosner, 1973).

The island of St. Croix is approximately 22
miles long, ranges from 1 to 6 miles in width, and has
an area of approximately 84 square miles. The island
is characterized by a mountainous area in the north,
west, and east, with the northern mountainous area
flanked by a rolling plain to the south (fig. 8) (Rivera
and others, 1970). The highest elevation on St. Croix
is 1,165 feet above mean sea level. The northern and
western mountains are marked by many narrow, steep-
sided valleys through which deeply cut intermittent
streams discharge. The stream valleys of the eastern
mountainous area are also intermittent but are not as
sharply incised as the northern and western areas.
Drainage on St. Croix can occur in all directions;
however, the principal direction of drainage is either
south or southeast.

The island of St. Thomas is approximately 14
miles long, ranges from 2 to 3 miles in width, and has
an approximate area of 32 square miles. The land
surface of St. Thomas is almost entirely sloping and
extends seaward from a central ridge, which attains an
elevation of 800 to 1,200 feet above mean sea level
and runs the length of the island (Jordan and Cosner,
1973). Coastal plains are almost completely absent
and flat land is confined to only a few small
embayments.

Test-Hole Drilling and Well Completion 3
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GROUND-WATER HYDROLOGY

Ground water on St. Croix, St. Thomas, and St.
John occurs in the alluvial deposits and carbonate and
volcanic rocks. On St. Croix, the principal sources of
ground water are the carbonate rock and the overlying
alluvial deposits; however, on St. Thomas and St.
John, the principal sources of ground water are the
volcanic rock and overlying alluvial deposits (Gémez-
Go6mez and others, 1985).

Ground-Water Occurrence and Movement

Ground-water occurs under water-table
conditions on St. Croix and is present principally in
the alluvial deposits and the Kingshill Limestone
deposits in the southern plains of the island. Because
the alluvial deposits are hydraulically connected to the
Kingshill Limestone, the alluvial deposits and
Kingshill Limestone are considered to be a single
hydrologic unit in which the alluvial deposits are
saturated. The bottom of this hydrologic unit is the top
of the Jealousy Formation, which underlies all of
south St. Croix. The Jealousy Formation has been
described by Jordan (1975) as a unit of low
permeability. Clay facies in the Jealousy Formation
are believed to act as a boundary for the overlying
Kingshill Limestone and alluvial deposits.

Only 7 of 30 wells were drilled into the volcanic
rocks on St. Croix (table 1). Of these 7 wells, 2 were
back filled and 1 was used as an observation well.
Consequently, because of sparse data, a detailed
discussion of the occurrence and movement of ground
water in the volcanic rocks of St. Croix is not possible.
However, when the results of the test-hole drilling into
the volcanic rock of St. Thomas and St. John are
discussed, it may be assumed that this information
could be transferable to the island of St. Croix in terms
of ground-water availability.

Ground-water occurs under water-table
conditions on St. Thomas and St. John and is present
primarily in the regolith and zones of highly fractured
to shattered volcanic rock. As with the Kingshill
Limestone on St. Croix, the alluvial deposits on St.
Thomas and St. John are hydraulically connected to
the underlying volcanic rock and, subsequently, a

single hydrologic unit is assumed to exist in these two
units where the alluvial deposits are saturated. The
bottom of the water-table aquifer on St. Thomas and
St. John is the dense indurated volcanic rock
underlying the regolith and zones of highly fractured
rock. The low permeability of this indurated rock
limits vertical ground-water movement and
subsequently acts as the boundary of the overlying
rock and alluvial deposits.

Water-table fluctuation occurs seasonally in
response to rainfall variation and can fluctuate daily in
wells located near pumping wells. Depth below land
surface to the water table can range from
approximately 4 to 62 feet on St. Croix (figs. 12 and
13), 3 to 74 feet on St. Thomas (figs. 14 and 15), and 8
to 60 feet on St. John (figs. 16 and 17).

Because of the complexity of the aquifers on St.
Croix, St. Thomas, and St. John it is impossible to
complete an islandwide potentiometric map of any of
the islands. Isolated potentiometric maps have been
completed by Jordan and Cosner, (1973), Graves and
Gonzalez, (1988), and Torres-Gonzalez and Rodriquez
del Rio, (1990). In general the water-table surface on
St. Croix, St. Thomas, and St. John parallels the
topography and ground-water movement is down
gradient, perpendicular to the topographic contour
lines, towards the sea.

The quantity of water recharging the Kingshill
Limestone aquifer on St. Croix has been estimated to
be 3 percent of annual rainfall (Robison, 1972). On St.
Thomas, aquifer recharge is infrequent and probably
occurs only after periods of heavy rainfall or a series
of lesser rains (Jordan and Cosner, 1973). Jordan and
Cosner postulated that because of relatively low
annual rainfall and high average annual temperatures,
most recharge occurred after major storms, which
produced more than 2 inches of rainfall. On St. John,
Cosner (1972), indicated that because of similarities
between the soils of St. John and St. Thomas, recharge
on St. John would be similar to that which occurs on
St. Thomas. Large water-table rises corresponding
with large amounts of rainfall (figs. 12 - 17) are strong
evidence of the occurrence of aquifer recharge
following a major rainstorm.
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Figure 12. Daily mean ground-water levels in wells VIWAPA 02, VIWAPA 03, and VIWAPA 17, Adventure
well field, and monthly rainfall, St. Croix, U.S. Virgin Islands, May 1990 through September 1992.
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Figure 13. Daily mean ground-water levels in wells VIWAPA 06/DPW 06, Golden Grove, VIWAPA 02,

Fairplains, and VIWAPA 23A, Barren Spot, and monthly rainfall, St. Croix, U.S. Virgin Islands, May 1990

through September 1992.
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Figure 14. Daily mean ground-water levels in wells STT-VIEO-06, STT-VIEO-11, and Grade School 03, St.
Thomas, and monthly rainfall, St. Thomas, U.S. Virgin Islands, May 1990 through September 1992.
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Figure 15. Daily mean ground-water levels in wells STT-VIEO-01, STT-VIEO-10, and STT-VIEO-09, St. Thomas,
and monthly rainfall, St. Thomas, U.S. Virgin Islands, May 1991 through September 1992.
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Figure 16. Daily mean ground-water levels in Guinea Gut well, DPW-06/Sussanaberg, and NPS-06/
Cinnamon Bay and monthly rainfall, St. John, U.S. Virgin Islands, May 1990 through September 1992.
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John, U.S. Virgin Islands, May 1991 through September 1992.
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Hydraulic Characteristics of the Aquifers

The ground-water development potential of any
aquifer is dependent upon hydraulic characteristics of
transmissivity and storage coefficient. Transmissivity
is a measure of the ability of the aquifer to transmit
water and is defined as the product of the hydraulic
conductivity and the aquifer thickness. The storage
coefficient is the volume of water an aquifer releases
from or takes into storage per unit surface area of the
aquifer per unit change in head.

During this study, estimated aquifer
transmissivities ranged from 200 to 2,500 feet squared
per day in the fractured volcanic rock aquifers of St.
Thomas and St. John (table 5). Transmissivity values
based on data for selected wells were determined from
specific capacity tests. The specific capacity tests were
conducted for a period of 8 hours and values
determined from these tests ranged from 1 to 11

gallons per minute per foot of drawdown. The specific
capacity values were converted to transmissivity using
a method described by Meyer (1963), that relates well
diameter, specific capacity, and the aquifer storage
coefficient to aquifer transmissivity. Aquifer storage
coefficients were not determined from field tests for
this report, but rather are assumed to be typical water-
table storage coefficients, which range from 0.1 to 0.3
(Lohman, 1979). The specific capacity/aquifer
transmissivity relation developed by Meyer (1963)
assumes a water-table storage coefficient of (.1.

Field tests to determine specific capacity and
subsequently aquifer transmissivity were conducted
only on St. Thomas and St. John. However, Graves
(1995) and Torres-Gonzalez (1991) reported
transmissivity values in the Kingshill Limestone
ranging from 200 to 4,000 feet squared per day for St.
Croix.

Table 5. Transmissivity estimated from specific capacity at selected wells on St. Thomas and St. John, U.S.
Virgin Islands (Estimates based on method described by Meyer, 1963)

[(gal/min)/ft, gallons per minute per foot of drawdown; ft%/d, feet squared per day; STT, St. Thomas; EGWS, emergency ground-water

supply; STJ, St. John; STWS, St. John water supply]

Specific

Well rr::r;t;?r and capacity Tran(sﬂrg/ig)sivity Len(?‘?ucr);)test
[(gal/min)/ft]
37 STT-EGWS-01 1 200 8
38 STT-EGWS-02 1 200 8
39 STT-EGWS-03 3 600 8
41 STT-EGWS-04 2 400 8
42 STT-EGWS-05 3 600 8
45 STT-EGWS-06 4 800 8
49 STT-EGWS-07 2 400 8
51 STT-EGWS-08 11 2,500 8
52 STT-EGWS-09 2 400 8
53 STT-EGWS-10 2 400 8
56 STT-EGWS-11 2 400 8
70 STI-STWS-02 9 2,000 8

' Well number refers to well location as shown on figures 5, 6, or 7.
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The relatively large range of transmissivity
values is due to the heterogeneity of the aquifer
material. On St. Croix the higher values of
transmissivity in the Kingshill Limestone are common
primarily in areas where there is a high density of
intersecting fracture zones. On St. Thomas and St.
John areas of high transmissivities will also coincide
with areas of high fracture density within the volcanic
rock aquifer. The large range of transmissivity values
on St. Croix may be due to localized areas of
dissolution along the fracture zones resulting in large
openings and, subsequently, the high transmissivity
values. These values of transmissivity may be larger
than they would have been because of the presence of
the overlying alluvial deposits where the deposits are
sufficiently thick and saturated. In the alluvial
deposits, where the percentage of sand or gravel is
high the transmissivity will be high; conversely, where
the percentage of silt or clay is high the transmissivity
will be low.

The development of ground-water supplies from
the aquifers of the USVI is complicated due to the
nature of the aquifer materials (limestone, marl, and
dense volcanic rock) and the localized extent of
fracture zones within the aquifers. However, according
to the literature, the chances of producing a well that
might yield sufficient quantities of water for
emergency use are greatly improved if the wells are
drilled in the draws or valleys of principal drainage
areas (Heath, 1980; Daniels and Sharpless, 1983; and
Daniels, 1987). This concept was applied in choosing
the location of most test holes drilled with reasonably
acceptable results. If the number of test holes drilled
for observation wells (12) and test holes back filled
(22) are subtracted from the total test holes drilled
(61), then by island, the percentage of emergency
water-supply wells completed to test holes drilled was
50 percent for St. Croix (15 wells completed of 30 test
holes drilled), 52 percent for St. Thomas (11 wells
completed of 21 test holes drilled), and 10 percent for
St. John (1 well completed of 8 test holes drilled)
(tables 1, 2, and 3). Well yields for the 27 emergency
supply wells ranged from about 14 to 80 gallons per
minute (tables 1, 2, and 3).

WATER QUALITY

In order to determine the quality of ground
water on St. Croix, St. Thomas, and St. John, 33 wells
were sampled for common cations and anions and
trace elements (tables 6, 7, and 8). Using the Piper
diagram (Piper, 1953), results of these analyses
indicate that ground water in the U.S. Virgin Islands is
predominantly a sodium-chloride type water (figs. 18,
19, and 20). However, on St. Thomas, data for water
samples from a majority of the wells sampled
indicated that the ground water is a mixed type; no one
cation or anion exceeded 50 percent of the total
milliequivalents of cations or anions in water from 9
of 11 wells sampled.

In an island setting, ground water that is a
sodium chloride type water commonly is considered to
contain a mixture of freshwater and seawater (Gémez-
Goémez, 1984). The source of the seawater could be
lateral migration of seawater from the ocean through
the aquifer, upconing of saline water as a result of
excessive pumping, or connate seawater that has not
been completely flushed out of the aquifer. To
determine the source of the seawater, long-term water-
quality data must be collected and seasonal changes in
chloride concentrations compared. If the seasonal
variations in the chloride concentrations are small,
connate water is the most likely source of the sodium
chloride, assuming that areal ground-water pumping is
relatively constant. If the variations in chloride
concentration are large, the source of the sodium
chloride is most likely upconing or lateral migration
(intrusion) of seawater that coincides with seasonal
water-level fluctuations in the aquifer, and the related
movement of the saltwater-freshwater interface. The
limited timeframe of this study did not allow for long-
term monitoring of seasonal water-quality changes.
However, recent data available for the island of St.
Croix (Graves, 1995) indicate that the source of the
sodium chloride in wells STX-EGWS- 06, 07, 08, 14,
and 15 could be connate water, and that the source in
wells STX-EGWS- 09 and 10 is possibly seawater
intrusion. To adequately discuss the source of seawater
in the aquifers on St. Thomas and St. John, more
information is needed.
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Figure 18. Diagram showing major constituents in ground water in wells on St. Croix, U.S. Virgin Islands. Values
shown are percent of total milliequivalents per liter. Numbers refer to wells in table 6.
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Figure 19. Diagram showing major constituents in ground water in wells on St. Thomas, U.S. Virgin Islands.
Values shown are percent of total milliequivalents per liter. Numbers refer to wells in table 7.
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Figure 20. Diagram showing major constituents in ground water in wells on St. John, U.S. Virgin Islands.
Values shown are percent of total milliequivalents per liter. Numbers refer to wells in table 8.

Chloride concentrations in ground-water
samples collected from all wells drilled (tables 1, 2,
and 3) and from wells sampled for analysis of
common cations and anions (tables 6, 7, and 8) ranged
from 116 to 3,870 milligrams per liter (mg/L). The
dissolved solids concentrations in water sampled for
analysis of common cations and anions (tables 6, 7,
and 8) ranged from 542 to 2,470 mg/L. The U.S.
Environmental Protection Agency’s (EPA, 1992)
Secondary Maximum Contaminant Level for chloride
and dissolved solids concentrations is 250 and 500
mg/L, respectively. Of the water sampled for analysis
of common cations and anions (tables 6, 7, and 8),
these levels were exceeded in 61 percent of the wells
for chloride concentrations and in 100 percent of the
wells for dissolved solids concentrations. However,
the recommended maximum level for chloride is
based largely on taste; water having a chloride
concentration as high as 500 mg/L can be potable.
For dissolved solids the Secondary Maximum
Contaminant Level is based on an increase in the
mineral taste in the water and possible economic

consequences due to deterioration of plumbing and
pipes because of the high mineral content.

SUMMARY

Following the devastation by Hurricane Hugo
on September 17 and 18, 1989, the islands of St.
Croix, St. Thomas, and St. John, were without
drinking water because of the damage to the
infrastructure that provides water to the islands.
However, on St. Croix, several well fields which had
seen limited use in recent years were put on line and
connected to the water distribution system.
Recognizing the need for a better understanding of the
hydrogeology of the USVI, the U.S. Geological
Survey, in cooperation with the U.S. Office of
Management and Budget, conducted an investigation
from May 1990 through September 1992 to determine
the occurrence and quality of ground water so
emergency ground-water supplies could be developed
to mitigate natural or man induced disasters.
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The geology of the U.S. Virgin Islands is varied.
The geology of St. Croix includes alluvial deposits
and carbonate and volcanic rocks. The geology of St.
Thomas and St. John is dominated by volcanic rock
with local alluvial deposits in small coastal
embayments. Carbonate deposits are present on St.
Thomas and St. John but only in minor isolated
outcrops.

Ground water occurs under water-table
conditions on St. Croix, St. Thomas, and St. John. On
St. Croix, the principal sources of ground water are the
carbonate rock and overlying alluvial deposits. On St.
Thomas and St. John the principal sources of ground
water are the regolith and zones of highly fractured to
shattered volcanic rock and overlying alluvial
deposits. Depth below land surface to the water table
ranges from 4 to 62 feet on St. Croix, 3 to 74 feet on
St. Thomas, and 8 to 60 feet on St. John. Aquifer
transmissivities range from 200 to 4,000 feet squared
per day on St. Croix and from 200 to 2,500 feet
squared per day on St. Thomas and St. John. Well
yields for the emergency-supply wells on St. Croix, St.
Thomas, and St. John range from 14 to 80 gallons per
minute.

Ground water in the U.S. Virgin Islands is
predominantly a sodium chloride type. Ground-water
samples collected from selected wells had chloride
concentrations ranging from 116 to 3,870 milligrams
per liter and dissolved solids concentrations ranging
from 542 to 2,470 milligrams per liter. On St. Croix,
depending on location, the source of sodium chloride
is connate water or seawater intrusion. Data were not
available to determine the source of sodium chloride
on St. Thomas or St. John.
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