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POTENTIAL HAZARDOUS WASTE SITE PRELIMINARY ASSESSMENT
PART |: SITEINFORMATION

1.

10.

11.

Site Name/Alias_Tutu Texaco

Street Route 38 and Route 384

City _St. Thomas (Tutu District) State U.S. Virginislands  Zip_ 08002

County__N/A County Code__N/A Cong. Dist. N/A

EPA ID No. New Site

Latitude___18°20° 34" N. Longitude _ 64°53' 18" W.

USGS Quad. Eastern St. Thomas, U.S. Virgin Islands

Owner_Texaco Caribbean Tel. No. 809-774-1931

Street_ P.O.Box 3740

City_Charlotte Amalie State_U.S. Virginlisland  Zip_00801
Operator_Unknown TeI.Nb.

Street

City State Zip

Type of Ownership
Private [ Federal [ State
[0 County (] Municipal [JUnknown (O Other

Owner/Operator Notification on File

] RCRA 3001 Date [J CERCLA 103c¢ Date

(x] None O Unknown

Permit Information
Permit Permit No. Date Issued Expiration Date Comments
None

Site Status

x] Active O Inactive {JUnknown

Years of Operation Unknown to _ Present




12.

13.
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Identify the types of waste units (e.g., landfill, surface impoundment, piles, stained soil,
above- or below-ground tanks or containers, land treatment, etc.) on site. Initiate as many
waste unit numbers as needed to identify all waste sources on site.

(a) Waste Management Areas

Waste Unit No. Waste Unit Type Facility Name for Unit
1 Drums Waste Oil Drums
2 Underground Storage Tanks Waste Oil Underground Storage Tanks

(b) Other Areas of Concern

Identify any miscellaneous spills, dumping, etc. on site; describe the materials and identify
their locations on site.

No other spills, incidents of dumping, etc. were observed on the site during the NUS Corp.

Region 2 FIT on-site reconnaissance on 2/15/89.

Information available from
Contact__Amy Brochu Agency_ U.S. EPA Tel. No._(201) 906-6802

Preparer__Joseph Mayo Agency_NUS Corp. Region 2 FIT  Date_03/31/89
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PART II: WASTE SOURCE INFORMATION
For each of the waste units identified in Part |, complete the following six items.

Waste Unit 1 - Drums

1.

, Waste Qil Drums

Identify the RCRA status and permit history, if applicable, and the age of the waste unit.

There are no known RCRA permits for this waste unit. The age of this waste unit is unknown.
Until June 1986, the Water and Power Authority (WAPA) accepted waste oil and used it for
fuel. A batch of waste oil was found to contain polychiorinated biphenyls (PCBs), and WAPA
stopped accepting waste oil. Currently, there is no acceptable method for disposal of waste oil
on St. Thomas. Waste oil generators must store all their oil.

Describe the location of the waste unit and identify clearly on the site map.

The waste unit is located in the northern corner of the Tutu Texaco property.

Identify the size or quantity of the waste unit (e.g., area or volume of a landfill or surface
impoundment, number and capacity of drums or tanks). Specify the quantity of hazardous
substances in the waste unit.

There are twenty-seven 55-gallon drums in the waste unit. Twenty-five of these drums
contain waste oil generated from automotive repair and servicing operations. The remaining
two drums reportedly contain dirt. There are also three 20-gallon drums and a few 5-gallon
pails containing waste oil on site. The total quantity of waste in this unit is approximately
1420 gallons.

Identify the physical state(s) of the waste type(s) as disposed of in the waste unit. The
physical state(s) should be categorized as follows: selid, powder or fines, sludge, slurry,
liquid, or gas.

Twenty-five of the drums contain liquid waste oil. Two of the drums reportedly contain dirt
whichis a solid.

Identify specific hazardous substance(s) known or suspected to be present in the waste unit.

Twenty-five of the drums on site contain liquid waste oil from automotive repair and servicing
operations. This oil may contain small quantities of gasoline, kerosene, or degreasing
solvents. Sample analyses of waste oil from the Tutu Texaco station reportedly detected the
presence o1 ‘richloroethane (TCA). However, the analysis results were invalidated because the
sample Falding times were exceeded.

Describe the containment of the waste unit as it relates to contaminant migration via
groundwater, surface water, and air.

The waste in the unit is contained in drums that are stored on a concrete surface. There are no
berms or curbs to contain the oil in the event of a spill. There is evidence of spills in the
storage area, and the bung on one of the drums was open.

An OVA flame ionization detector noted a reading of 20 ppm from the open drum. There
were no readings above background in the ambient air in the drum storage area.

The lack of containment of the waste unit provides the potential for release to surface water
by runoff from spills and for release to groundwater by runoff and subsequent percolation
through soil.

Ref Nos._1,21,22 24
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PART Ii: WASTE SOURCE INFORMATION
For each of the waste units identified in Part |, complete the following six items.
Waste Unit _2 - Underground Storaqge Tanks Waste Oil Underground Storaqge Tanks

1. Identify the RCRA status and permit history, if applicable, and the age of the waste unit.

There are no known RCRA permits for this waste unit. The age of this waste unit is unknown.
Until June 1986, the Water and Power Authority (WAPA) accepted waste oil and used it for
fuel. A batch of waste oil was found to contain PCBs, and WAPA stopped accepting waste oil.
Currently, there is no acceptable method for disposal of waste oil on St. Thomas. Waste oil
generators must store all their oil.

2. Describe the location of the waste unit and identify clearly on the site map.

The exact location of the waste unit is unknown as the tanks were not observed during the on-
site reconnaissance conducted by NUS Corp. Region 2 FIT on 2/15/89. A preliminary
investigation conducted by the Department of Planning and Natural Resources (DPNR) on
8/5/87 indicated the presence of two underground storage tanks. One tank had a concrete top
and a concrete partition, and the second tank was covered with a square steel plate. The
volume and composition of the tanks were not determined. The material in the tanks is
reported to be waste oil.

3. Identify the size or quantity of the waste unit (e.g., area or volume of a landfill or surface
impoundment, number and capacity of drums or tanks). Specify the quantity of hazardous
substances in the waste unit.

The capacity of the tanks and the quantity of waste in the unit are unknown.

4. Identify the physical state(s) of the waste type(s) as disposed of in the waste unit. The
physical state(s) should be categorized as follows: solid, powder or fines, sludge, slurry,
liquid, or gas.

The physical state of the waste is liquid.

5. Identify specific hazardous substance(s) known or suspected to be present in the waste unit.

The waste unit contains automotive waste oil. Substances such as gasoline, kerosene, and
degreasing solvents may be present in the oil. Samples of Tutu Texaco waste oil were reported
to contain TCA. However, the sample analysis results were invalidated because the sample
holding times were exceeded.

6. Describe the containment of the waste unit as it relates to contaminant migration via
groundwater, surface water, and air.

The containment of the waste unit is unknown. The tanks are covered, but no other
information concerning the tanks' waste containment properties is available.

Ref. Nos. 1,21,22, 24
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PART Ill: HAZARD ASSESSMENT
GROUNDWATER ROUTE
1. Describe the likelihood of a release of contaminant(s) to the groundwater as follows:

observed, alleged, potential, or none. Identify the contaminant(s) detected or suspected, and
provide a rationale for attributing the contaminant(s) to the facility.

The potential exists for wastes on the Tutu Texaco Site to be released to groundwater. There
is evidence (photo No. R3-P10) that spilled oil is staining soil and may be transported to
groundwater. There are no berms or curbs to contain the waste from the drums in the event
of a spill. One of the drums was open.

The drums on site contain automotive waste oil. Air monitoring instrument readings indicate
that organic vapors are present in one of the drums. It is reported that samples of waste oil
collected from the site contained TCA. However, the sample analysis results were invalidated
because the sample holding times were exceeded.

There is insufficient information available to evaluate a release from the underground storage
tank for waste oil as the construction and integrity of this tank are unknown. There are no
reports of spills or leaks from this tank; however, waste oil in the tank is being stored in
violation of U.S. Virgin Islands laws.

Ref. No. 1, 22, 24

2. Describe the aquifer of concern; include information such as depth, thickness, geologic
composition, permeability, overlying strata, confining layers, interconnections,
discontinuities, depth to water table, groundwater flow direction.

The rock units of St. Thomas and St. John are divided into three major groups: The Water
island Formation, the Virgin island Group, and an unnamed group made up of one or more
dioritic plutons. The Water Istand Formation, which is late lower Cretaceous in age, consists of
keratophyre and spillates. The Virgin island Group, which is probably early Cretaceous or
Albian in age, consists of andesitic-pyroclastic rocks and sedimentary formations. The Virgin
Island Group is divided into four formations: the Louisenhoj Formation, which consists of
augite-andesite breccia, tuff, and conglomerate; the Outer Brass Limestone which consists of
partially silicified-tuffaceous-radiolarian-limestone; the Tutu Farmation, which consists of
tuffaceous wacke, including megabreccia near the base and limestone near the top; and the
Hans Lollik Formation, which may be Eocene in age, and consists of augite-andesite breccia
and tuff. The final group is made up of one or more dioritic plutons. These unamed dikes and
plugs of quartz - andesine-hornblende porphory are Upper Cretaceous and Lower Tertiary in
age. Alluvium deposits are quarternary in age.

The Water Island Formation, which consists of 95 percent volcanic flow breccias, was probably
extruded on a relatively level ocean floor. The absence of terrigenous sediments from this
formation indicates that there were no emergent islands present in the area at the time of
extrusion. Emergent islands would have served as a source of weather sediments or detritus,
which is not present in this formation. There is evidence that sea floor subsidence occurred
during the greater part of the accumulation of this formation. However, the subsidence was
not rapid enough to maintain a constant water level, thereby causing explosive erruptions
near the top of the formation. Regional uplift occurred near the end of Water Island time.
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The Louisenhoj Formation of the Virgin island Group unconformably overlies the Water Istand
Formation and crops out on about half of the land area on St. Thomas. Pillsbury sound
between St. Thomas and St. John was the origin of this formation. Evidence of this center is
based upon the coarseness of volcanic ejecta in the formation in nearby eastern St. Thomas
and western St. John. Material is less coarse and tuffs are more predominant further east and
west away from the pluton. This augite-andesite formation ranges in thickness from 4,000 to
13,000 feet. In certain areas of St. Thomas and St. John conglomerates are interbedded with
andesitic rocks at the base of this formation. The depositional environment of this
conglomerate varies from location to location throughout the formation.

The Quter Brass Formation of the Virgin Island Group is mostly siliceous limestone, which
overlies the Louisenhoj Formation. This limestone formation is an offshore deposit formed by
radiolarian and foraminiferal remains including a minor amount of tuff. Thicknesses are
known to be up to at least 600 feet.

Overlying the Outer Brass Formation is the Tutu Formation. The Tutu Formation is fine- to
coarse-grained volcanic wackes, which are termed flysch. This formation is derived from
eroding sediments from the Louisenhoj andesites. Exposed thicknesses are known to be as
much as 6000 feet. Within this formation, a megabreccia lithofacies with an average thickness
of 30 feet and a limestone member with thickness up to 300 feet are worth mentioning.

The Hans Lollik Formation, which consists of at least 10,000 feet of augite-andesite pyroclastic
rocks, crops out on Little Hans Lollik Island. Dioritic plutons are located in Pillsbury Sound
between St. Thomas and St. John; the narrows, between St. John and the British Virgin
Islands; and south of St. Thomas. The exact delineation of these plutons is uncertain.
Throughout the islands isolated dikes of quartz-andesine porphyries, andesine-hornblende
porphyries, lamprophyres, breccias, and pegmatites appear.

Folding occurred after the deposition of the Virgin Island Group. Rocks were tilted to form a
northward-dipping homocline, which is cut by sets of faults trending N 45°W, N 55°E and
north. Well-defined joint sets parallel each of the major fault trends. Dips range from 15° to
90° with the average being 40°. Strike-slip fauits have horizontal offsets of less than 1 mile.
Two major strike-slip graben structures or fault systems exist. The first passes through
Redhook, St. Thomas and the eastern tip of Lovango Cay. The second crosses St. John, from
Contact Point on the southwest to Brown's Bay on the northeast.

Most recently, Pleistocene to Holocene alluvial deposits occurred primarily in coastal
embayments. However, a narrow bank of alluvium extends up to Turpentine Run on the east
end of the island. Most of these deposits are composed of silt, clay, and thin, discontinuous
beds of sand and gravel. Maximum thickness of these is 50 feet.

Groundwater movement is limited to openings and joints along fault zones. Regional
geologic information is insufficient to determine whether these fractures and fauit zones are
present in all of the above-described formations; however, for this report it is assumed that
the fractures and fault zones are present in all of these formations. The valleys on the island
are the result of weak zones caused by faulting and jointing and are primary recharge areas
for groundwater. Alluvial deposits have a high porosity but low permeability, making this
aquifer unfavorable for groundwater production. In coastal embankments throughout the
island, saltwater intrusion is widespread in alluvial deposits. In most areas, alluvial deposits
are interconnected with bedrock and act to recharge precipitation to the underlying bedrock.

T ooe o
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The direction of groundwater flow in the Turpentine Run Basin Aquifer is south-southeast
which is generally along the direction of flow of Turpentine Run. Depth to groundwater in
the aquifer ranges from 5 to 60 feet, and the altitude of the water level ranges from 1 to 209
feet above mean sea level.

Ref. Nos. 9,11, 16

Is a designated sole source aquifer within 3 miles of the site?

No sole source aquifer, as designated in the Federal Register, is located within 3 miles of the
site.

Ref. No. 8

What is the depth from the lowest point of waste disposal/storage to the highest seasonal
level of the saturated zone of the aquifer of concern?

Drums are stored on a cement floor at ground level. The lowest point of the waste oil
underground storage tank is unknown but is assumed to be at least 6 feet. Depth to
groundwater in Virgin Island Housing Authority (VIHA) well Nos. 1 and 2, which are located
approximately 500 feet northeast of the site, is reported to be 56 and 60 feet, respectively.

Therefore, the depth from the lowest point of storage to the highest seasonal level of the
saturated zone of the aquifer of concern is approximately 50 feet.

Ref Nos. 1,2,9

What is the permeability value of the least permeable continuous intervening stratum
between the ground surface and the aquifer of concern?

There are no continuous intervening strata between the ground surface and the bedrock
aquifer. Soils are generally thin in the area around the site. The water-bearing formations in
the Turpentine Run Basin Aquifer are composed primarily of fractured and jointed volcanic
rocks. The range of hydraulic conductivities associated with these formations is 10-3 to 10-5
cm/sec.

Ref. Nos. 10, 11,16

What is the net precipitation for the area?

Net precipitation is usually calculated by subtracting mean annual lake evaporation (a
surrogate measure for evapotranspiration) from normal annual total precipitation. Mean
annual lake evaporation information was not available for St. Thomas; however,
evapotranspiration data were available. These data indicate that 95.8 percent of the incident
precipitation on St. Thomas is lost through evapotranspiration. The normal annual total
precipitation for St. Thomas is 43.74 inches, but because of orographic effects on the island,
normal annual total precipitation can range from 35 inches to 50 inches over short distances.
In the Turpentine Run Basin, normal annual precipitation is 40 inches. Calculations for net
precipitation are provided below:

40 inches precipitation x 95.8 percent lost to evapotranspiration = 38.32 inches lost to
evapotranspiration

40 inches precipitation - 38.32 inches lost to evapotranspiration = 1.68 inches net
precipitation.

Ref. Nos. 3,5, 12,13
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Identify uses of groundwater within 3 miles of the site (i.e., private drinking source,
municipal source, commercial, industrial, irrigation, unusable).

Groundwater within 3 miles of the site is used as a source of private and municipal drinking
water, and for commercial purposes. There are at least 41 wells within 2 miles of the site.
Thirty-four of these wells are within 1 mile of the site. Sixteen of these wells have been closed
because they are contaminated with volatile organic compounds.

Ref. Nos. 6,9

What is the distance to and depth of the nearest well that is currently used for drinking or
irrigation purposes?

Distance__500 feet Depth__ 150 feet

The nearest well is the VIHA well No. 2, which is located approximately 500 feet northeast of
Texaco. This well is believed to be used for drinking. A nearby well, VIHA No. 1, was ordered
closed because of contamination with volatile organic compounds. VIHA well No. 2 is not
listed as being closed for contamination, and its designated use is for domestic purposes.

Ref. Nos. 6,9

Identify the population served by the aquifer of concern within a 3-mile radius of the site.

Itis difficult to estimate the population served by groundwater on St. Thomas as there are few
records available on groundwater withdrawal, sale, and transport. The locations of some
wells in St. Thomas are unknown, and there are reports of illegal drilling on the island. Itis
estimated that there are 500 to 600 private wells on St. Thomas. Most of these are used for
nondrinking domestic purposes such as washing and flushing, although some may be used for
drinking. There are a number of wells that are used for commercial purposes. Water from
these wells is trucked to private houses and pumped into cisterns to augment the rainwater
collected from roofs. Groundwater is also bottled and sold in supermarkets.

There are at least 41 wells in the Turpentine Run Basin. Recently 16 of these wells have been
ordered closed because they were found to be contaminated with volatile organic
compounds. One of these wells was a major supplier of water to the eastern end of the island.

Estimates of the population using groundwater as a source of drinking water range from none
to approximately 11,000--the population of the Turpentine Run Basin which is not served by
water from the desalinization plant. The actual population served by groundwater is
probably less than 11,000, as desalinated water and water from wells outside the 3-mile radius
is trucked into the area.

Ref. Nos. 9, 13, 15, 18, 19

SURFACE WATER ROUTE

Describe the likelihood of a release of contaminant(s) to surface water as follows: observed,
alleged, potential, or none. identify the contaminant(s) detected or suspected, and provide a
rationale for attributing the contaminants to the facility.

A potential exists for contaminants to be transported to surface water. There were some spills
in the drum storage area, and there were no containment structures around the drums to
prevent migration of the spills.

T
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The drums contain waste oil generated from automotive repair and maintenance activities.
Air monitoring instruments indicated the presence of organic vapors in an open drum on site.
Samples of waste oil from the Tutu Texaco Site were reported to contain TCA. However, the
sample analysis results were invalidated because the sample holding times were exceeded.
The waste oil may also contain small quantities of substances such as gasoline, kerosene, and
degreasing solvents.

Ref. Nos. 1, 22,24

Identify and locate the nearest downslope surface water. If possible, include a description of
possible surface drainage patterns from the site.

The nearest downslope surface water is the Mangrove Lagoon, which is hydraulically
connected to the Caribbean Sea. The distance from the site to the nearest surface water along
the course of Turpentine Run, an intermjttent stream that drains the Turpentine Run Basin, is
2.5 miles. There are a number of storm sewers near the site, and it is possible that these sewers
may intercept much of the runoff from the site. It is unknown where the storm sewers
discharge, but it is suspected that they discharge to Turpentine Run as it is the only drainage
pathway from the basin.

Ref. Nos. 2,4, 5

What is the facility slope in percent? (Facility slope is measured from the highest point of
deposited hazardous waste to the most downhill point of the waste area or to where
contamination is detected.)

The facility slope is relatively flat with a slight slope toward the south-southwest. Facility slope
is estimated to be 0 to 3 percent.

Ref Nos. 1,2

What is the slope of the intervening terrain in percent? (intervening terrain slope is
measured from the most downhill point of the waste area to the probable point of entry to
surface water.)

The slope of the intervening terrain cannot be calculated, as runoff may discharge to storm
sewers and the path of these sewers is unknown. If runoff follows an overland route, the
slope of the intervening terrain could be as follows:

®  Elevation of waste area - 200 ft
¢  Elevation at point of entry - 0 ft
®  Pathlength - 13000 ft

200ft-0ft x 100 = 1.5 percent
13,000

Ref. Nos. 1,2
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What is the 1-year 24-hour rainfall?

One-year 24-hour rainfall data were not available for the U.S. Virgin Islands. However, it is
known that rains exceeding 1 inch in 24 hours occur six or seven times a year on St. Thomas. it
has also been reported that it is not uncommon for 24-hour rainfalls to be 2 to 3 inches.

Ref. Nos. 4,6

What is the distance to the nearest downslope surface water? Measure the distance along a
course that runoff can be expected to follow.

The nearest downslope surface water is the Mangrove Lagoon which is hydraulically
connected to the Caribbean Sea. The distance from the site to the lagoon is 2.5 miles. It
appears that most runoff from the site enters storm drains near the site. Since the point of
discharge and the route of these storm drains are unknown, the distance to the nearest
downslope surface water along the pathway is unknown.

Ref. No. 2

tdentify uses of surface waters within 3 miles downstream of the site (i.e., drinking,
irrigation, recreation, commercial, industrial, not used).

Surface water within 3 miles downstream of the site is used for recreation including
swimming, fishing, and boating. The DPNR has designated the area of the Mangrove Lagoon
for preservation and conservation recreation.

Ref. Nos. 2, 14

Describe any wetlands, greater than S acres in area, within 2 miles downstream of the site.
Include whether it is a freshwater or coastal wetland.

There are no wetlands greater than 5 acres within 2 miles downstream of the site. However,
there is a coastal mangrove wetland approximately 2.5 miles downstream. The Mangrove
Swamp is designated as a preservation area in the Coastal Zone Management Program of the
DPNR.

Ref. Nos. 2,14

Describe any critical habitats of federally listed endangered species within 2 miles of the site
along the migration path.

There are no known critical habitats of federally endangered species within 2 miles of the site.
The Virgin Islands Tree Boa (Epicrates monensis granti) is an endangered species in the U.S.
Virgin islands; however, no critical habitat has been identified for this species.

Ref. No. 7

What is the distance to the nearest sensitive environment along or contiguous to the
migration path (if any exist within 2 miles)?

There are no sensitive environments within 2 miles of the site that lie along or contiguous to
the migration pathway.

Ref. Nos. 2,7, 14

4
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20. Identify the population served or acres of food crops irrigated by surface water intakes
within 3 miles downstream of the site and the distance to the intake(s).
There is no population served or food crops irrigated by surface water intakes within 3 miles
downstream of the site. The nearest surface water is saline. There is a desalinization plant
which uses sea water to supply drinking water, but the intake is greater than 3 miles from the
site.
Ref. Nos. 2, 13

21.  What s the state water quality classification of the water body of concern?
No water quality classification is known to exist for the Mangrove Lagoon or the Caribbean
Sea, although the mangrove swamp surrounding the lagoon is designated as a preservation
area by the DPNR.
Ref. No. 14

22. Describe any apparent biota contamination that is attributable to the site.
No apparent biota contamination was observed during the on-site reconnaissance conducted
by NUS Corp. Region 2 FIT on February 15, 1989.
Ref. No. 1

AIR ROUTE

23. Describe the likelihood of a release of contaminant(s) to the air as follows: observed,
alleged, potential, none. Identify the contaminant(s) detected or suspected, and provide a
rationale for attributing the contaminant(s) to the facility.
The potential for release of contaminants to the air is very small. Above-background
concentrations of organic vapors were detected in a drum; however, no readings above
background were detected in the ambient air in the drum storage area.
The drums on site contain waste oil from automotive repair and servicing operations. The oil
may contain small quantities of gasoline, kerosene, or degreasing solvents. Samples of waste
oil from the facility were reported to contain TCA. However, sample analysis results were
invalidated because the sample holding times were exceeded.
Ref. Nos. 1,22, 24

24. What is the population within a 4-mile radius of the site?

Based on the 1980 census, the population within 4 miles of the site is approximately 36,000.
Ref. No. 17

{10
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FIRE AND EXPLOSION

25.

26.

Describe the potential for a fire or explosion to occur with respect to the hazardous
substance(s) known or suspected to be present on site. Identify the hazardous substance(s)
and the method of storage or containment associated with each.

No significant fire or explosion conditions are known or suspected to be present on the site.
Ref. No. 1

What is the population within a 2-mile radius of the hazardous substance(s) at the facility?
Based on the 1980 census, the population within 2 miles of the site is approximately 19,000.
Ref. No. 17

DIRECT CONTACT/ON-SITE EXPOSURE

27.

28.

29.

Describe the potential for direct contact with hazardous substance(s) stored in any of the
waste units on site or deposited in on-site soils. Identify the hazardous substance(s) and the
accessibility of the waste unit.

There is little potential for direct contact with substances stored in the waste unit. Although
the bungs are open on some of the drums and there are some spills, the drums are not located
in an area that is frequented by customers. Access to the site is not controlled by a fence.
There is potential for workers to come in contact with waste oil in the course of performing
their jobs.

Ref. No. 1

How many residents live on a property whose boundaries encompass any part of an area
contaminated by the site?

There is no evidence that any residential areas have been contaminated by the site.
Ref. No. 1

What is the population within a 1-mile radius of the site?

Based on the 1980 census data, the population within 1 mile of the site is approximately
11,000.

Ref. No. 17
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PARTIV: SITE SUMMARY AND RECOMMENDATIONS

Tutu Texaco is an automotive service station located in the Tutu area of St. Thomas, U.S. Virgin
Islands. The primary activities at the site are gasoline sales and automotive repair and maintenance.
The area within approximately 1 mile of the site is densely populated and contains some commercial
properties. There are large housing developments northwest, north, and east of the site. Beyond 1
mile, there are scattered smaller villages and towns. The densely populated and highly commercial

town of Charlotte Amalie is located approximately 2.5 miles west of the site.

On February 15, 1989, NUS Corp. Region 2 FIT conducted an on-site reconnaissance of the Tutu
Texaco Site. A total of thirty-one 55-gallon drums were observed on the site. Twenty-five of the
drums contain waste oil, two contain dirt, and four contain water pumped from a tank excavation.
There are three 20-gallon drums and a few 5-gallon pails containing waste oil on site. In addition to
the drums, there are a number of underground storage tanks below the site. An unknown number
of these tank contain gasoline, and two of the tanks contain waste oil. There is evidence that the
gasoline tanks are “not tight” (i.e., may be leaking - Ref. No. 23). The integrity of the waste oil
storage tanks is unknown. The underground gasoline tanks and the drums containing tank
excavation water are not evaluated as they are not considered to be hazardous waste under the
petroleum exclusion of the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA).

Samples of waste oil from the site were reported to contain TCA. However, the sample analysis
results were invalidated because the sample holding times were exceeded. The waste oil may also
contain small quantities of gasoline, kerosene, and degreasing solvents. Until June 1986, the Virgin
Islands Water and Power Authority (WAPA) accepted waste oil generated by marinas, airports, and
auto maintenance facilities. The waste oil was blended with fuel and burned as a source of power.
WAPA stopped accepting waste oil when a batch was found to contain PCBs. The source of the PCBs
is unknown. Currently, there is no permitted method of waste oil disposal on St. Thomas.
Generators must store their waste oil, but the facilities are not inspected or issued permits. These
conditions, combined with drum shortages and poor housekeeping, have resulted in generally poor

waste containment at many of the facilities.

The waste oil drums on the Tutu Texaco Site are not properly stored or contained. There are oil spills
visible on the ground, and oil-stained soil was observed on the Gassett Property adjacent to the
drums. There are no berms to contain the oil in the event of a spill. Underground tanks for waste oil
storage were described in a preliminary investigation completed by the DPNR in August of 1987.

Waste oil was being stored in these tanks in violation of Virgin Islands 1 ==+ P=-= == #t- ~b-oo-
T
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considerations, a recommendation of MEDIUM PRIORITY for further action is provided. Because of
the spills, stained soil, and improper waste containment, the potential exists for transport of the

wastes to surface water and groundwater.

The owner of the Tutu Texaco Site, Texaco Caribbean Inc., has been identified as one of nine
potentially responsible parties in the contamination of groundwater in the Tutu area. In July and
August 1987, EPA confirmed by sampling that volatile organic compounds were present in a number
of wells in the Tutu area. DPNR has issued orders to close 16 wells in the area. EPA removal action
activities in the Tutu area included sampling of wells and cisterns, removal of contaminated water
from cisterns, and supplying clean water on a regular basis to affected residents.

Locations for the collection of environmental samples at the Tutu Texaco Site are limited. The only
available soil near the drum storage area is on the adjacent Gassett Motors property. A number of
the wells in the vicinity of the site are known to be contaminated with volatile organic compounds.
As a consequence, there may be few wells available that are useful in determining whether
hazardous substances have been released from the facility. Sampling of waste sources on the site is
recommended to determine whether the waste oil contains hazardous substances. Efforts should
also be directed toward further definition of the population using groundwater for drinking and

toward determining the volume, construction, and integrity of the underground oil storage tanks.

Sampling is not recommended if ongoing or planned removal actions or enforcement actions resuit
in the collection of samples from the site by EPA or DPNR, or by Texaco Caribbean for the

aforementioned agencies.
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PHOTOGRAPH INDEX
ALL PHOTOGRAPHS TAKEN BY DIANE TRUBE
Photo Number Description Time
R3-P1 West side-Dirt pile 1300
R3-P2 Drums under overhang 1302
R3-P3 Tutu Texaco drum storage area. 1304
R3-P4 Tutu Téxaco excavated dirt pile and pvc-pipe collection 1308
system.

R3-P10 Tutu Texaco drums as seen from Gassett Motors. Note stained 1353

soil.
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R3-P4 February 15, 1989 1308
Tutu Texaco excavated dirt pile and pvc-pipe collection system.
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U20 SUMMARY APPRAISALS OF THE NATION'S GROUND-WATER RESOURCES
TABLE 4. - Water budget, in cubic hectometers per year (hm*/yr) and percent, for Puerto Rico (by
Puerto Rico
North Coast Province South Province
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Rio Grande Arecibo to Rio Plata to Rio 10 to ‘l,‘:]“:' w;'":v:‘“:“
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Fii ke 17. - Water-use estimates. A, For Puerto Rico; public-supply data provided by the Puerto Rico Ajueduct and Sewer Authority
(modified from Morris, 1976). B, For the U.S. Virgin [slamds.




CARIBBEAN REGION U21
T~ province) and its offshore islands (Vieques, Culebra, and Mona Islands) and for the LU.S. Virgin Islands, 1975
Puerto R = Conlinuesd U8 Vg Isianas
Puerts Ko s offshore islands
East Cosst Interor Puerte Rieo . .
province province Island total Vieques Culebra Mona St U St Thomas ¢ S b,
hminr  Percent  hméve  Percent  hmiar Percent hmdvr Percent hminr Percenl  hmine Percent hmear Percent Bmfar Percont  hmAar Pereem
Input—Continued
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PROBLEMS AFFECTING USE OF WATER | established by PRIDCO exert the greatest influence

RESOURCES

MANAGEMENT—PUERTO RICO

By adoption of Law No. 23 of January 1973, the Puer-
to Rico Department of Natural Resources (DNR) was
charged with the responsibility for implementation of
the operational phase of the public environmental policy
of Puerto Rico. Law No. 23 also provides for centraliza-
tion of operational functions and implementation of
regulations that had previously been dispersed
throughout many governmental agencies. In addition,
the new Water Law, No. 136 of June 3, 1976, assigned
to the Secretary of DNR the responsibility to plan and
regulate the use of and to improve, conserve, and
develop the waters of Puerto Rico. In acknowledgment
of the need for a centralized information center, the new
water law also stipulates that the Secretary be assisted
by a staff that has representatives from the Planning
Board, the Puerto Rico Industrial Development Com-
pany (PRIDCO), the Environmental Quality Board
(EQB), the Puerto Ricvo Aqueduct and Sewer Authority
(PRASA), the Puerto Rico Water Resources Authority
(PRWRA), the Department of Agriculture (DOA), the
Department of Health (DOH), the Department of Trans-
portation and Public Works, and the University of Puer-
to Rico.

Although numerous government agencies (State and
Federal) and institutions are involved in the use, plan-
ning, management, and investigation of the water
resources, the DNR, EQB, U.S. Environmental Protec-
tion Agency (EPA), PRWRA, PRASA, Puerto Rico |
Sugar Corporation, and heavy water-use industries |

over the future of this resource. The responsibilities
these agencies and public corporations have with
respect to water resources are listed as follows:

DNR. The functions of this Puerto Rican agency were
established by Laws No. 23 and No. 136, previously
stated.

EQB. This is the Puerto Rico policy-making and
regulatory agency responsible for the enhancement
and protection of water quality; it is invested with
quasijudicial powers to enforce its regulations. For
purposes of the Federal Water Pollution Control
program (Public Law 92-500) the Board is
designated the State water-pollution control agen-
cy.

EPA. This is the Federal agency charged with ad-
ministration of Public Law 92-500 aimed at restor-
ing and maintaining the chemical, physical, and
biological integrity of the Nation’s waters. Among
the programs the agency administers are establish-
ment of effluent limitations, administration of the
National Pollutant Discharge Elimination System,
and management and planning for public water-
supply treatment-works construction.

PRWRA. The authority produces and distributes elec-
trical energy and administers and operates the irri-
gation systems supported by releases from reser-
voirs and the hydroelectric power-generation net-
work on the south coast and in northwestern Puerto
Rico.

PRASA. The authority is charged with development,
construction, operation, and maintenance of water
and sewer systems and providing adequate water
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and sewer services and any other related services
and facilities.

Puerto Rico Sugar Corporation. A public corporation
created by legislative action in 1973 to consolidate
the operations of the sugar industry (cultivation and
refining). The corporation manages all the 11 mills
on the island, 7 of which are government owned.
The corporation also manages cane cultivation on
29,600 ha of both government-owned and leased
land.

PRIDCO. This is the principal Puerto Rico governmen-
tal agency charged with the responsibility for the
economic development of Puerto Rico. With its
associated public corporation, the Government
Development Bank, it devises methods to accelerate
economic development, especially through industrial
promotion and tourism. This agency must submit to
DNR and EQB an environmental-impact statement
for each industrial project it proposes to develop.
The agency also cooperates closely with the Plan-
ning Board in preparing its plans and programs.

The new centralized form of management stipulated in

Law No. 136 of June 3, 1976, is intended to improve in-

stitutional structures to aid optimum water-resources

development.

MANAGEMENT—U.S. VIRGIN ISLANDS

In the U.S. Virgin Islands, the Department of Conser-
vation and Cultural Affairs is charged with the ad-
ministration and enforcement of all laws relating to
water resources and water pollution, under Title 3,
Chapter 22, of the Virgin Islands Code as of June 4,
1968. Other agencies involved with the management of
the water resources are the Public Works Department,
the Water and Power Authority, and the Virgin Islands
Planning Office. The functions of each of these are
outlined as follows:

Public Works Department. Under Title 30, Section 51,
of the Virgin Islands Code, the Commissioner of
Public Works is designated to supervise and control
the construction, repair, maintenance, operation,
and administration of the potable-water systems.
The potable-water system was defined as “all fresh
water stored or collected by the government,
whether in catchments, dams, wells, or reservoirs,
for public distribution.”

Virgin Islands Water and Power Authority (WAPA).
This authority was established in 1964 under Virgin
Islands Code, Section 103, Title 30, for production
and distribution of electrical energy and provision of
potable water from its water-distillation systems. In
the enabling legislation is a provision, 104e, for the
transfer of the water-supply functions of the Public
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Works Department to WAPA at a date to be deter-
mined by law. The transfer of functions has not been
acted upon by the legislature, and WAPA sells the
distilled water to the Public Works Department.

U.S. Virgin Islands Planning Office. This office is
designated as the government agency in charge of
water-management planning; the agency is also en-
titled to appropriate funds received under the title 3
program.

The Public Works Department is by far the major
ground-water user. Agriculture is almost nonexistent in
the islands, and industries that depend heavily on water
obtain their water from self-owned desalination plants.
For these reasons, a lack of coordination among water
users is not a major problem affecting ground-water
resources in the Virgin Islands.

WATER RIGHTS

Water rights and laws regulating water use have been
established by society to assure the minimum re-
quirements of individuals and communities, to promote
the beneficial development of water resources, and to
respect legal access to water sources. These laws, which
have been implemented to reduce friction between
users, ironically become constraints if they are not
adapted to the needs of a modern technological society.

On June 3, 1976, the Commonwealth Legislature
approved the Law of Waters (Law No. 136) for Puerto
Rico, which declared all waters within Puerto Rico the
patrimony and wealth of the People of Puerto Rico; en-
dowed the Secretary of Natural Resources with the
power to plan and regulate the use, conservation, and
development of the water resources and to implement
the public policy and regulations related to the waters of
Puerto Rico; and annulled two provisions of the Civil
Code and the Law of Waters of March 12, 1903.

The 1903 water law was essentially that which had
been in effect in Spain since 1879 and had been extended
over Puerto Rico by order of the King in 1886. Article 16
of Law No. 136 recognized acquired rights that make
beneficial and reasonable use of water and were in ex-
istence prior to June 3, 1976, including those conces-
sions from the Spanish Crown.

Acquired rights under the old Spanish law were ob-
tained according to the prior-appropriation doctrine.
For example, “any landowner may utilize the pluvial and
other waters flowing intermittently in public channels
or along roads” (Art. 6, 176, 177); “after use for one year
and a day, he establishes a temporary right that is
superior to that of any subsequent user,” on the principle
that first in time is first in right (Art. 7); “after water has
been used without interruption for 20 years, the appro-
priator acquires the right to continue the use indefinite-
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ly” (Art. 8). Similarly, as to “artesian wells, tunnels, or
galleries,” (major ground-water developments as oppos-
ed to “ordinary wells,” which are defined (Art. 20) as
those for which no other motive power than man is
employed for raising the waters), the right of the person
discovering and bringing the water to the surface is
recognized “in perpetuity,” as long as such development
does not interfere with preexisting rights to public or
private waters (Art. 23). These rights (surface- or
ground-water appropriation) were also recognized for
all individuals who had enjoyed the use of public waters
for a period of 20 years (prior tv 1886) even though no
proper authorization had been obtained.

The order of preference in utilization stipulated by the
previous law (Art. 160 of the Spanish Water Law) ex-
pressed the needs of the past century. First priority was
given to water supply of towns, followed by water sup-
ply of railroads, irrigation, navigational canals, mills and
other factories, ferry boats and floating bridges, and
fishponds. The economic importance of water-using in-

dustries was not foreseen, and a low preference as to |

water concessions was stipulated. Duration of the con-
cessions was limited to 99 years of town supplies (Art.
170) and all other uses but was “in perpetuity” for irriga-
tion (Art. 188) and fishponds and also for industry, as
long as effluents were not harmful to health or vegeta-
tion (Art. 220).

As of 1909 there were approximately 250 concessions
in Puerto Rico that were originally granted by the
Spanish Crown (Report of the Governor of Puerto Rico,
1909). The majority of these grants were given to lan-
downers in the South Coast province for the irrigation
of approximately 21,000 ha. The surface-water conces-

sions included rights to flood-waters, spring and winter’

waters, or a definite daily flow.

An updated inventory of vested owners, diversion
amounts, and land under irrigation is necessary to
determine the degree to which these rights could affect
a water-use and distribution plan.

In the Virgin Islands, all waters are in public owner-
ship and are subject to appropriation for beneficial use
as stipulated in Chapter 5, Title 12, of the Virgin Islands
Code. Under this policy, vested rights are recognized
prior to other appropriation. Vested rights may be
nullified by the government of the Virgin Islands (Com-
missioner of Conservation and Cultural Affairs) when it
is determined that the exercise of such rights would im-
peril health or welfare by endangering, impairing, or
destroying available sources of water. Nevertheless, the
occurrence of such circumstances is very remote, as
most private installations are for domestic use and
withdraw less than 2 m3/d. An exception could be those
individuals and companies that sell water obtained from
wells. Under Section 153 of Title 12, appropriation per-
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mits are not required if pumpage is less than 2 m¥/d for
beneficial use.

Under Chapter 3, Title 12, of the Virgin Islands Code,
trees and other vegetation adjacent to watercourses are
protected by law. This regulation protects the esthetic
values of stream channels but results in a significant loss
of ground water to evapotranspiration by the deep-
rooted vegetation. A modification of this law would be
necessary in order to exclude from such provision those
watercourses that are used for public supplies or are in
hydraulic connection with aquifers tapped for supply.

PRACTICES DETRIMENTAL TO GROUND-WATER QUALITY
LAND USE

Land use may affect recharge to an aquifer and the
quality of its water. Although there has been no exten-
sive evaluation of the effects of various land uses on
aquifers in the Caribbean Region, data from scattered
sources indicate that this could be a major problem in
the near future.

Urbanization has taken over large portions of the
recharge areas of aquifers in metropolitan San Juan,
Ponce, and Mayagiiez in Puerto Rico and throughout the
Virgin Islands of St. Croix and St. Thomas. Unless ar-
tificial recharge is provided or withdrawals are reduced
to compensate for the loss of recharge, the seawater-
freshwater interface will move inland in most of these
areas.

Aquifers in the Caribbean Region are threatened by
pollution from domestic, municipal, and industrial
sources. The most widespread source of pollution is pro-
bably sewage from cesspools, leaking sewage lines, and
overloaded or improperly operating sewage plants. In
Puerto Rico about 37 percent of the population is served
by sewers, and in the U.S. Virgin Islands approximately

77 percent is served. In general, the only areas served
by sewers are those within ns.
ial wastes have been discharged to aquifers

through sinkholes and disposal wells or have entered
aquifers from accidental spillage (D.G. Jordan, written
commun., 1969; R.C. Vorhis, written commun., 1972).
Of the 15 disposal wells known to exist in 1972, only 2
could be designated as deep injection wells, and the
others could better be designated waste-disposal holes.
All the known disposal holes were between 24 and 213 m
deep. Wastes disposed in sinkholes and disposal holes in-
clude sewage, oil, neutralized acid, organic compounds,
dyes, pickling liquors, pineapple-cannery wastes. and
brewery wastes. Jordan (written commun., 1969)
estimated there were at least 40 such disposal holes in
Puerto Ricou in 1969.

It has also been observed that unproductive wells are
either abandoned without plugging or are not thor-
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oughly sealed. As a result many are used as receptacles
for wastes. The effects on water quality and the extent
of damage this has caused in the Caribbean Region have
not been assessed. In the Lajas Valley, Vazquez and
Ortiz-Velez (1967) observed that a downward hydraulic
gradient existed at various abandoned irrigation wells.
These wells probably are serving as hydraulic connec-
tors between perched water tables and the underlying
regional water table. The effect of these “hydraulic con-
nectors” on water quality is unknown.

Disposal of refuse in landfills poses another threat to
aquifers in Puerto Rico. Most landfills were estalished
after 1972 (fig. 18), and although migration of leachates
may be slow at some sites, with time these will inevi-
tably affect to some degree the local ground-water
sources. In the U.S. Virgin Islands, landfills have been
established near the coast on St. Croix and St. Thomas,
and contamination of freshwater sources is not a threat.
The landfill on St John, however, is located in the in-
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terior Guinea Gut Basin, where potential for ground-
water development exists.

IRRIGATION PRACTICES

Irrigation of crops occurs primarily in southern Puer-
to Rico. The basic means of distributing water within
cultivated lands is by furrows, although overhead
sprinklers are used at some farms in the early months of
sugarcane cultivation. Giusti (1971) estimated that ap-
proximately 30 percent of the applied water in the South
Coast province (Coamo area) was recharged to the
aquifer. Bennett (1976) indicated that the ground-water
reservoir in the South Coast province is “vertically
oriented,” in that local recharge and discharge tend to
be high in any given locality relative to lateral ground-
water flow. In areas where irrigation water is derived
from wells, recycling of the irrigation water will result
in an increase in the dissolved-solids concentration of
the ground water.

T | ! T
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During the mid-1960’s, drought nearly eliminated
surface-water supplies that were used in the South
Coast province area for irrigation, and ground-water
production was increased to make up the deficit. By
1968, after 3 years of increased pumpage, the ground
water in storage was drastically depleted. An estimated
1,000 hm? of the 1,500 hm3 in available storage had been
withdrawn. The depletion in storage was accompanied
by a decline in ground-water levels to below sed level
over large areas (pl. 14). The chloride concentration in
the ground water increased slightly in the more severely
depleted areas, but major seawater intrusion did not
occur, apparently because of a slight ground-water
mound in the coastal areas and the lower hydraulic con-
ductivity of the coastal part of the aquifer. Heavy rains
later in 1968 recharged the aquifer, but it has never
recovered to early 1960 levels. A few areas where
ground-water levels were below sea level still persisted
in 1976 (pl. 1B), but there has been no significant in-
crease in chloride concentration indicative of seawater
intrusion.

OPTIMIZATION OF USE OF WATER RESOURCES

In general, until recent years the éffort devoted to
optimizing the use of water resources of the Caribbean
Region has been minimal. Within Puerto Rico this lack
of effort may have been due to the relative abundance of
freshwater in relation to demand in most areas. In the
U.S. Virgin Islands the poor quality of the ground water
and the knowledge that the limited freshwater resources
could not meet the demand led to reliance on seawater-
desalination plants.

Two major approaches are available for optimizing the
use of water resources. These are conjunctive use of
surface- and ground-water sources and water conserva-
tion. The potential for application of such measures in
the Caribbean Region is discussed separately.

CONJUNCTIVE USE OF SURFACE- AND GROUND-WATER
SOURCES

The greatest potential for conjunctive use of surface-
and ground-water sources in the Caribbean Region may
be on the island of Puerto Rico, where both sources are
relatively plentiful. This use may be achieved by res-
ervoir management, augmenting natural recharge,
ground-water salvage, ground-water mining, and use of
seawater.

RESERVOIR MANAGEMENT

Agriculture is the largest single water user in the
South Coast province. The estimated ground-water
withdrawal for irrigation (180 hm?3yr) constitutes
almost 80 percent of the total pumpage. Therefore, the
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most productive efforts to solve the “water shortage”
may involve an improvement of irrigation practices. To
some degree, the irrigation efficiency likely could be im-
proved by coordinating the activities of PRWRA with
those of the Puerto Rico Sugar Corporation and by
changing the priority of the functions of reservoirs serv-
ing the south coast.

Under present operating conditions, reservoirs are
maintained at the highest stage possible for hydroelec-
tric generation, thus reducing the runoff-capture poten-
tial. With the available reservoirs and the implementa-
tion of a more efficient water-management system,
more water could be made available for irrigation. The
hydroelectric-energy loss could possibly be compensated
for by thermoelectric generation through burning of
bagasse, the plant residue left after the juice has been
extracted from sugar cane. During the 1973 fiscal year,
PRWRA bought from the sugar mills (which operate
from about December to April) 826 million kilowatt-
hours of energy generated through burning of bagasse
(Puerto Rico Planning Board, 1976). Hydroelectric
generation was only about 97.5 million kilowatt-hours
during the 1973 fiscal year, partly by north-coast
hydroelectric plants. )

AUGMENTING NATURAL RECHARGE

Although aquifers receive recharge by natural means,
it may be practical in some areas to increase this amount
artificially. Within urbanized centers the loss of rainfall
infiltration capacity may be compensated for by con-
struction of infiltration ponds, which may also serve for
recreation. Flow into the ponds could be supplied from
urban runoff or by pumpage from nearby streams.
These infiltration ponds could be situated in the upland
coastal areas, where coarse sediments (sand and gravel)
predominate and thickness of unsaturated material and
therefore storage volume is greatest. Areas of Puerto
Rico that could benefit most from such modifications are
those zones where urban development has decreased the
infiltration capacity of aquifers (essentially the San Juan
metropolitan area and Ponce). In the San Juan
metropolitan area, possible sites would be the San
Sebastian outcrop and areas between the haystack hills
(mogotes). At Ponce the most favorable area may be
near the foothills, where depth to the water table is bet-
ween 15 and 20 m. Infiltration induced by this method
may make it feasible to establish and continuously
operate public-supply wells within city limits, thus
reducing dependence on interbasin water transfer.
These well fields would also be invaluable in the event of
hurricane damage to centralized water-purification and
distribution systems. If the recharged water is destined
for domestic use, measures would have to be taken to
avoid contamination with toxic substances, which may
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even though ground-water development may be minimal
in some areas. Within aquifers for which preliminary
areal models have been constructed, monitoring net-
works should be maintained to determine whether or
not conditions follow those predicted. If significant
deviation is detected, the cause can be evaluated and
remedial measures can be taken as appropriate.

Among the most important needs for improving the
knowledge about aquifers in the Caribbean Region are
listed as follows:

1. Better definition of conditions within the two major
aquifers: knowledge needed about the following:
a. Hydrologic relationship between bedrock and
alluvium in the South Coast province of
Puerto Rico and stream-aquifer interrela-
tionships

b. Extent of the artesian system in the North
Coast province of Puerto Rico

¢. Ground-water flow within the North Coast
province west of Arecibo

2. Areal studies made concerning the following:

a. Ground-water flow system in Lajas Valley

b. Water-balance for unstudied aquifers in the
East Coast, West Coast, and Interior pro-
vinces

c. Water-table monitoring throughout Puerto
Rico, the offshore islands, and U.S Virgin
Islands

d. Qualitative and quantitive assessment of saline-
water reserves of St. Croix and in the coastal
aquifers of Puerto Rico

e. Chemical-quality data to assess the extent of
contamination and seawater intrusion

Besides these basic needs, research is also lacking on
evapotranspiration and its relationship to soils and
vegetation under the climatic conditions in the Carib-
bean Region. At present it is unknown if under long-
term conditions thick vegetation and plant debris aid
ground-water recharge by reducing runoff, enhancing
infiltration, and reducing direct evaporation of rainfall
or whether they use more water from the soil through
transpiration. Archasological sites, surface features,
and historical notes indieate that water was much more
plentiful at now parched areas in Puerto Rico’s offshore
islands and in the U.S. Virgin Islands.

SUMMARY
The Caribbean Region consists of the Commonwealth
of Puerto Rico (8,990 km?) and the U.S. Virgin
(350.km?3). MWMMﬁ
in the World, witirarroveralt population of approximate-
ly 3,200,000 people. Within the past 25 years the islands

havé undergone a rapid transformation from an
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agriculturally based economy to one dependent on in-
dustrial development, tourism, and related services.

Water is among the most abundant and valuable
natural resources in the Caribbean Region, but its
availability varies significantly in both space and time.
Rainfall contributes an annual average of 1,800 mm in
Puerto Rico and 1,060 mm in the U.S. Virgin Islands. Of
this amount, 1,130 mm (or 64 percent) in Puerto Rico
and 990 mm (or 93 percent) in the U.S. Virgin Islands is
lost to evapotranspiration. The water available for use
in liquid form amounts to about 5,400 hm3/yr in Puerto
Rico 3/yr in_the U.S. Virgin These
amounts would theoretically satisfy the total water
needs of both areas, which are about 919 hm3/yr and 20
hm3/yr, respectively (1975). In reality, most of this flow
is contributed by intensive rainstorms and is lost to the
ocean as runoff. Potential for retaining a large part of
this flow exists on the island of Puerto Rico, but present-
ly the total usable reservoir storage capacity is only
about 230 hm?. In the U.S. Virgin Islands, small dams
and ponds have a storage capacity of about 2 hm3.

Aquifers constitute a valuable water resource in the
Caribbean Region. In Puerto Rico, ground-water
withdrawals provide about 38 percent of the total water
requirements, whereas in the U.S. Virgin Islands, they
provide 10 percent. Excluding desalinated-water sup-
plies in the U.S. Virgin Islands, ground water provides
about 72 percent of the freshwater ysed. Of the 350
hm®/yr ground-water withdrawal in Puerto Rico, irriga-
tion uses 53 percent; industry, 29 percent; and public
water supply, 18 percent. In the U.S. Virgin Islands,
ground water is withdrawn about equally from private
wells and public water-supply wells. Based on past
trends and future economic outlook in the region,

‘estimates are that by 1985 ground-water pumpage in

Puerto Rico will be about 426 hm3/yr and in the U.S.
Virgin Islands, about 4.5 hm3/yr. This withdrawal is the
estimated maximum sustained yield of all aquifers in the
U.S. Virgin Islands under natural-recharge conditions.

Most large-scale ground-water developments in Puer-
to Rico are in the North Coast and South Coast pro-
vinces. The North Coast province contains the island’s
most productive aquifer, which has been undergoing
rapid development for industrial water supply since
1968, when a major artesian system was tapped. The ex-
tent of this artesian system is unknown, but it has been
tapped within the lower part of the Cibao Formation
(Montebello Limestone Member) and in the upper part
of the Lares Limestone. The South Coast province
aquifer consists of deep alluvial deposits. It has been ex-
tensively developed for irrigation of sugarcane and for
industrial water supply. Unlike the north-coast aquifer
system, which has large untapped resources, this aquifer
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will support only minor future development if effective
management practices are not introduced.

In the U.S. Virgin Islands, the most extensive aquifer
is The_Tragmented igneous rock. It contributes little
water to wells, but weighed against the costs of
desalinated water, its exploitation is feasible for sup-
plementing domestic water needs. The most productive
aquifer consists of marl and alluvium deposits in central
St. Croix. Although this aquifer contributes less than 6.3
L/s to individual wells, it yields about 0.86 hm3/yr to
public water-supply wells and about 0.54 hm¥yr to
private wells. Future development of this aquifer could
probably produce an additional 1.0 hm3yr.

Ground-water resources will continue to play an im-
portant role in the future development of both Puerto
Rico and the U.S. Virgin Islands. In order to meet
future needs, it is necessary that hydrologic principles
be effectively applied in managing the total water
resource.

Optimization of the water resources can be ac-
complished through conjunctive use of surface and
ground waters and through conservation practices. Op-
timal use may involve artificial recharge, ground-water
salvage, saline- or fresh-ground-water mining, use of
seawater, waste-water reuse, and use of underground
space for temporary storage of wastes, which could
otherwise contaminate valuable water supplies.

Efficient development of the water resources within a
basin also requires a thorough knowledge of the rela-
tionship that exists between surface and subsurface
water. Among the most urgent needs in the Caribbean
Region is a computerized data bank containing informa-
tion on ground-water withdrawal, consumptive use, sur-
face diversions, and such other flows necessary for
water-budget estimates. These data can be used with the
available knowledge of the aquifers to construct digital
or analog models. Such an approach would serve to
point out areas where new information is needed, aid in
assigning investigation priorities, and contribute to ef-
fective management of the total water resource.
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The nature ot the shorter-period pressure variations in relation to the
weather and the general circulation are discussed below under The Upper

Air and General Circulation. etc.

PRECIPITATION

Rain 1= the climatic element of most practical concern 1n the islands be-
cause 1t 13 uIten wsutficient to mature sUgar Cane in one or two seasons: a
drought ot s1x or mine consecutive months occurs every «ecade or so, caus-
ing much hardship to the townspeople and small nauve farmers as weil as
to sugar and cotton estates and cattle ranches.

Since carly in the nineteenth century raintall in the Virgin Islands has
been measured in a unique unit of depth, called the “line”. The reason tor
the adoption of this measure is not known. It is an old English measure. in
which 1 inch = 8 lines (= 25.40 nullimeters). In Denmark they once used
the Paris measure of 12 Linien = 1 Toume (Paris inch) = 27.07 nulli-
meters = 1.0638 tnches. 1 Paris line = 2.256 mm = 0888 inch = 1144
foot. whereas the Danish I17est [ndian (or Lnglish) line = 3.173 mm =
15 inch. It 1s conceivable that as many of the residents were British this
“line” was adopted locally from using English rain-measuring glasses or
sticks graduated in eighths of an inch. Since the American occupation

inches have been used.

Accuracy of the Measurements

The accuracy of rainfall measurements is a difficult problem in gen-
eral, and 1s especially serious in tropical countries.* We have already re-
ferred to the lack of standards in the instruments and observation pro-
cedures at Virgmn Islands stations, and here we must add that where the
rainialls are frequently light and the monthly and annual totals are small
the errors of measurement are greatest on a percentual basis. The common
practice of measuring the catch onlv once each 24 hours allows some water
to evaporate trom the gage before it is read. particularly in a warm windy
climate. The use of a funnel is common and tends to cut down the evapo-
ration. Where most of the rain falls at mght. it 1s better to read the gage
in the morning, and where it 1alls more in the day an evening observation
hour 1s preferable ; two readings a day would be still better, and best of all
the use ot recording gages or the habit of reading the gage after each
shower. [t has heen shown that a considerable difference in a given

* For a cumprehensive discussion see Rrooks. €. . Need for universal standards for measuring
precipitation. snowrall. and snowcover. Trans. Meet. Int. Comm. Snow and Glaciers, [nt. Assoc.

tiydrol. Bull. 23: pp. 1-32. Riga. 1938
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month’s total may result at the same spot between a gage read each morn-
ing and a gage read each evening. But it is difficult to estimate the magni-
tude of this effect in the Virgin Islands except to say that the results from
gages read only in the morning are probably somewhat lower than they
would be if read only in the evening. The hours of observation at the vari-
ous stations are not stated or known in many cases and at some stations
they were changed from time to time.

Rain gages of different diameter and different height of orifice above the
ground do not give comparable catches, but it is believed nearly all the
gages used in the Virgin Islands since 1870 have been of the standard
8-inch diameter with rim about 3 feet high (cf. appendix A). The wind
eddying around the gage may keep away some of the rain that should go
in the gage. In windy places the catch may average 20 per cent too low
from this cause, but we judge from tests made elsewhere with shielded
gages that this error in the Virgin Islands probably does not average over
10 per cent (i.e., readings are 10 per cent too low on average from the wind
effect alone). If we may assume that this error applies roughly equally to
all the gages in the Caribbean region, it may be overlooked in practical
comparisons. However, the error due to wind effect increases as the wind
velocity increases and therefore the catch during severe storms, hurri-
canes, is apt to be more than 10 per cent too low. High wind sometimes
blows the gage over resulting in loss of a large catch of rain. Occasionally
during heavy rains the gage may overflow before it is read. Considering all
these sources of error, it is evident that on the average the recorded rain-
falls are systematically lower than the true rainfalls.

In addition there may be mistakes and falsifications on the part of ob-
servers, which are unsystematic in their effect on the resuits and largely
hidden in the averages. An inspection of the daily entries and the reputa-
tion of the observer are the only bases for accepting observations as genu-
ine, where the stations are not under regular inspection of an efficient na-
tional weather service. We have not found any record of inspections by
the Danish government, and the U. S. Weather Bureau inspections have
been too infrequent to be effective.

General Distribution

From APPENDIX TABLES 2 and 3 we note that the mean annual rainfall
differs considerably at the various stations, ranging between about 35 and
70 inches. The absolute range between driest and rainiest years at these
stations i3 not much larger, however, the extreme annual totals ranging

from about 25 inches to nearly 95 inches (APPENDIX TABLE 1). If we had
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Fruaz 2. Rainfall map of St. Croix, 1921-30. (From Shaw, 1932.)

records from eastern St. Croix and from the mountain tops, these ex-
tremes would be greater, probably reaching from 15 to more than 100
inches. A rainfall map of most of St. Croix is shown in FIGURE 2.
The seasonal distribution generally shows two maxima, a smaller one
in May or June and a larger one in October. The winter minimum is
much more pronounced than the summer one. The lowest monthly amounts
on record indicate that severe drought conditions can occur in almost any
month ; even October has sometimes had less than 2 or 3 inches at most sta-
tions (see TEXT TABLE 4). Rose points out that the middle and western
sections of St. Croix have somewhat opposite tendencies in departures of
rainfall from normal — from 1903 to 1908 the middle was drier than the
west, but from 1909 to 1915 the middle was wetter, and after 1915 the
middle was again the drier. This may possibly be due to a quasi-cyclic
shift in the relative frequency of winds from slightly north and slightly
south of east, which would be accompanied by changes in the average tem-
peratures and humidities of the trade winds as well as contrasted oro-

graphic effects.
Forests and Rainfall

E. Taylor in his “Leaflets from the Danish West Indies” (London,
1888: 42) suggests that St. Croix formerly had a greater rainfall be-

TUT 002 044y

——
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cause an early book on the islands by Oldendorp (1777) reported a greater
amount of forest growth than is now found. Although a change of climate
is possible, the present condition is better explained by the known destruc-
tion of the forest by the inhabitants. TEXT TABLE 5 shows no permmanent
change in the rainfall of St. Croix since 1852. St. John and Tortola have
the most forests at present because they are too mountainous for econoni-

TexTt TaBLE 4

FregueNcy oF MoNTiiLy RAINFALL ToraLs GREATER THAN
SPECIFIED AMOUNTS, ST. CrOIX

Average of 3 stations for 63 years, 1852-1914
(From Ravn)

Moath Number of years with rsinfall
Over 20 lines Over 40 lines Over 60 lines
(2.50 in.) (5.00 in.) (1.50in.)
January 25 2 -
February 13 1 -
March 13 1 -
April i3 s 1
May 37 24 11
June 38 19 9
o B i ;
ugust

September 57 32 10
October 60 38 18
November 54 30 13
December 39 11 4

cal sugar-cane culture, though at one time both were under considerable
cultivation. There is no reason to believe that either St. John or Tortola
receive much more rain than St. Thomas or St. Croix merely because they
are now more forested. Indeed, the rainfall observations (cf. APPENDIX
TABLES 2-6) lend no support to that notion.

Orographic Effects

The rainfall increases with elevation on all the islands, as residents and
travelerg gan readily observe and as one would expect. But rain-gage sta-
tio:lml\g at high elevations, except Pearl, Mafolie, Liliendal, Wint-
berg, #nd Dorothea. Shaw's rainfall map (FIGURE 2) based on rainfall
records (see APPENDIX TABLE 7) of sugar estates on St. Croix leaves no
doubt that even moderate elevations are better watered. Yet the rate of in-
crease of rainfall with elevation does not here seem to be as large as in the
parts of Porto Rico where the mountains rise steeply to 3000 feet or more
directly in the path of the prevailing winds. Rose suggests that the rain-
fall of the islands is not as great as one would expect from the topography
because the winds blow mostly parallel to the mountain trends. The reason

T

tg. L
h

L 2

Text TaBLES



X4

Qg R4 A
jonliso] ~ ™
~
® & Sa R
~ 7 A 3 »
33 = =
R ]
g:?,-;;‘f-"f.'.
3"‘..1'(1,'0‘

110 204 o
0l $3AL3] X1t
jjerures uo

-

ULy Jepu.,

-81s aded-uv
pue siuapisa

i}

XI1aN3dd Y
A33 3snedaq .
BlOWO] 10 ur
3]qeI3pISUE)

Texrt TABLE S

N¥iil

AAgno !

Period Jan. Mar. June July
1852-61 1.90 1.68 3 3.76 3.51
1862-71 2.11 2.36 2.06 3.86 3.10.
1872-81t 2.85 1.57 1.43 4.48 3.37
1582 91t 2.78 1.15 .7 3.97 4.06
1892 1901 .16 1.32 2,18 4.60 5.42
1902 11 2.52 1.12 2.52 3.4 147
Total 14.33 10.21 24.08 21.95
Average for 60 years
(1852-1911) 2.38 1.70 3.65

® These are from the same observations used in TEXT TABLES 19 to 22, here converted to inches from the “lines” in which rainfall was measured (8 lines = 1 inch).

From “Reports of the Virgin Islands Experiment Station, 1911”, .
1 Kings Hill was omitted from the averages for Oct. 1878 to Oct. 1888, inclusive.

AveRAGE RaINFALL For Eacit 10-Year Perioo, 1852-1911 (1n iNCHES)®

“St. Croix, Virgin Islands” = (Christiansted’s Fort 4 Kings Hill* 4 Fredericksted’s Fort) /3
(From L. Smith)
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for this may also be contained in some observations of the writer : on sev-
eral occasions during his stay at St. Thomas in June, 1939 when the sum-
mit of theisland (1800 ieet) was visited, he noticed that any large cumulo-
nimbus cloud that had been initiated by forced ascent of the wind over the
island would lean to the leeward so that most of the rain falling from it
would fall on the ocean surface somewhat to the lee of the island. In other
words the orographic influence on the rainfall was not fully enjoyed by the
island itself owing to its small size and narrow form. This observation is
confirmed (oral communication) by Sergeant Davidovic. the Aerographer
stationed at the U. S. Marine Corps Fleet Air Base on St. Thomas in 1939.

In general the annual rainfall does not seem to increase more than about
10 inches between sea level and 1000 feet elevation, but some of the lower
stations have as much rain as places high up on the leeward slopes or in
high protected valleys (compare Adrian and Cinnamon Bay, or Barracks
and Liliendal, in the same years) (APPENDIX TABLE 2). In generally rainy
years or months the rainfall differences between stations of different ele-
vation are much greater than in generally dry seasons.

At the U. S. Marine Corps station on Lindbergh Bay three rain gages
have been set a few hundred yards apart in a line from the water to the
foot of the mountain. These gages show a decided increase in rainfall (ap-
PENDIX TABLE 12) as the mountain is approached, although they are all
about at the same elevation. This demonstrates how sensitive the rain-
producing process is to the topography. For this reason, within the hilly
town of Charlotte Amalie, or of Christiansted, the average annual rainfall
probably varies considerably (up to 5 inches?) from block to block; hence
records taken at different spots in such a town cannot justifiably be com-
bined as if from one station. Likewise different parcels of an estate often
have very different rainfall (e.g., Eden, Emmaus, Caroline; Adrian, Su-
sannaberg).

We have not attempted to construct rainfall charts of St. Thomas and
St. Johm owing to the non-homogeneity of the records. Shaw’s map of St.
Croix (FiGURE 2) is based on a homogeneous though short (10 years)
series of 26 records from the flatter parts of the island, which should give
a reliable and consistent pattern.

Year to Year Variation

The variability of the mean annual rainfall is of prime economic conse-
quence because in over half the years the actual rainfall is well below the
normal rainfall,* which is just about sufficient for an annual yield of sugar

® It is characteristic of the frequency distribution of either daily, monthly or annual rainfalls,

that the most frequent value (mode) is generally much less than the average, and in some cases the
zero value is most frequent.
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cane, long the chief crop, and the cane yield sutfers accordingly (Dr. Shaw
discusses this problem with respect to St. Croix, in paragraphs quoted be-
low). Du Tertre and Oldendorp mention great droughts in 1661 and 1753 ;
the poor crops of 1841, 186+, 1869, 1872 to 1877, 1891, 1892, 1899, 1904,
1923 to 1924 were due to low rainfall (see TEXT TABLES 20 to 23). Con-
trary to the impression of many residents and travelers, there is no real
evidence that the rainfall is slowly and steadily decreasing from century
to century (see Forests and Rainfall). The question of cvclic variations
has not been scientifically studied here, but results elsewhere generally
show long quasi-periodic fluctuations of considerable amplitude in the
rainfall. These undoubtedly exist here too but the records are not long
enough to reveal any but the shortest “cycles”. The average rainfall is so
near the critical limit for sugar cane that even the small short-period fluc-
tuations are important. It does not contribute much either to fundamental
understanding of the variations nor to practical precautionary measures
for the farmers merely to describe the rainfall curve as quasi-periodic. All
attempts to forecast the fluctuations by means of extrapolating “cycles”
derived from analysis of past records have been failures. Scientific bases
for long-range forecasting are being sought in many directions but the
solutions offered do not yet give results of practical value and general ap-
plicability, however promising the method or enthusiastic the advocates.
The most successful results so far are for certain special conditions and
places, none of which have been in the West Indies.

Diurnal Variation
The diurnal distribution of the rainfall, as at San Juan, shows a much

greater amount of rain by day than by night, judging from Mr. A. Wal-
loe’s observations at Charlotte Amalie, published in the “Sct. Thomae

Tidende”, 1888. He gives the following figures.

TexT TasLz 6
NicET AND DAy RAINFALL, CHARLOTTE AMALIE, 1888*

Moath (1888) Total By day By pight
July 3.4 26.8 1.6
August 772 55.9 213
September 9.0 "6 4.4

* In lines; 8 lines = 1 inch.

The frequency of rain is no doubt also greater by day but the contrast
is probably not so pronounced because the intensity of the day showers is
heavier.

A
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At sea the rainfall frequency is a maximum at 6 A.:1. with a secondary
maximum at about 10 p.y. The amplitude of this daily variation is pre-
sumably smaller than the one observed over the islands, where the maxi-
mum comes in the afternoon. It is very likely that the sea maximum at
6 A.M. affects the islands, or at least their shoreward margins, causing a
secondary maximum at that hour. No hourly observations are available
from the islands but the sunrise shower seems to be recognized by the
residents as a more or less regular phenomenon. The daily double period
in the rainfall is of course reflected in the cloudiness (TEXT TABLE 17) and
in the frequency of thunderstorms.

Intensity and Frequency

The rainfall in this low latitude and oceanic situation is entirely of the
shower type, and therefore it is of great practical importance to know how
frequently showers occur, how long they last, how much rain falls per
shower, and what are the average and maximum rates of fall over short
periods of time. Unfortunately systematic observations using recording
rain gages were begun in the islands only very recently, so we are forced
to infer much from the usual rainfall observations which give only
monthly totals and numbers of rainy days. The average rainfall per rain
day (APPENDIX TABLEs 10 and 12; FiGuRre 10) indicates some important
characteristics.

The “showers” of the winter and spring seasons are characteristically
brief and light, often mere sprinkles, from cumulus clouds of small or
moderate size and spaced by large intervals of blue sky (cf. TEXT TABLE
9). Sometimes *norther” effects cause a low overcast cloud deck with driz-
zling rain punctuated by occasional heavier showers, which condition may
persist a day or two. However, very he i i i
have fallen even'in the driest months. In the “rainy season”, from

3 0 113 or

least one "i"&‘ ‘some sort then falls almost every day. Heavy rains
lasting as muclW$ or 8 hours, even with brief intermissions, are normally

very rare, but puuge of a hurricane within 50 or 100 miles can cause enar..

mous rainfall totals (over 10 inches two from virtually con-
tinuous downpaugs, The high wind during hurricane weather adds greatly
to the destructive effect of the rain.

Some significant deductions can be made from the results of the re-
cording rain gages, in spite of the short period they have heen in use.
At the Marine Barracks of Bourne Field on St. Thomas a recording rain

TUY
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,nun.1 at 6 A.M. with a secondary
w of this dailv variation is pre‘- gage has been operated since 1935. An analysis of the results (APPENDIX
er the islands, where the maxi- TABLE 12 and FIGURE 10) indicates that the average rainfall per rain day

and also per rain hour for each month is proportional to the greatest rain-
fall during any 24 hours of the corresponding months. This is a very in-
teresting relation because in the absence of recording rain gages at other
places we can assume that the “greatest rainfall in 24 hours”, which is
tabulated by the U. S. Weather Bureau for all its stations, gives a rough
basis for estimating the average intensity of rainfall per day and per hour.

Since February 1940, the Soil Conservation Service has been tabulating
rainfall rates monthly from recording gages at Anna’s Hope and Jolly Hill
estates on St. Croix. An abstract of the results appears in TEXT TABLES 7

ikely that the sea maximum at
r shoreward margins, causing a
urly observations are available
*eems to be recognized by the
nenon. The daily double period
‘oudiness (TEXT TABLE 17) and

]u.enc'y and 8. Although the period of observation is too short to give any definite
ml_c situation is entirely of the averages or extremes likely to occur, the figures are already significant. A
wetical importance to know how study of the tables reveals a closer correlation by months between the total
lgst, how much rain falls per rainfall and the maximum intensities than between the total rainfall and
am - rates of fall over short the average intensities. This is not surprising because one or two intense
* Observations using recording showers probably have more effect on the monthly totals than the more
‘ery recently, so we are forced numerous lighter showers. There is nevertheless some tendency for the
'bservations which give only average intensity to be greater in the rainier months than in the drier
The average rainfall per rain months. It will be noted, however, that the average intensity in the spring
10) indicates some important months appears to be as high as or higher than in the autumn months,
whereas the total rainfall is usually much greater in the autumn than in

seasons are characteristically the spring. This is a curious fact which we have already suspected from
1 cumulus clouds of small or the greater frequency of hail in the late spring and early summer than ih
of blue sky (cf. TEXT TABLE the late summer and-autumn. Over a period of many years the average in-
overcast cloud deck with driz- tensity of rainfall will actually be greatest in the autumn or late summer
-howers. which condition may because of hurricanes. The important conclusion is that, if hurricanes are
rains up to 2 or 3 inches in a excluded. winter and spring showers probably have as great average in-
[n the “rainy season”, from tensity as the autumn rains, but the maximum rates of rainfall in short pe-
-ing showers, with squalls or - - riods, as shown in TEXT TABLES 7 and 8, are generally two or three times
‘pected much more often; at N ;{ ! greater in the “rainy season’’ than in the winter and spring. It is impossible
nost every dav. Heavy rains m . to infer to what extent this conclusion is justified for all parts of the
{intermissions, are normally | islands, as the topography may greatly affect the rainfall intensities as

well as the totals, but the Bourne Field results (APPENDIX TABLE 12) seem

to show similar features to those of Anna’s Hope and Jolly Hill estates.
Any practical interpretation of the average rainfalls reported in the

Virgin Islands, especially on St. Croix, should take into account the fact

Vor 100 miles can cause enor-
voor two from virtually con-
-Tricane weather adds greatly

from the results of the re- that a large proportion of the rain falls in light showers and brief sprinkles
[ they have heen in use. (see TEXT TABLES 9 and 10). Many of these light rains are measured in the
St. Thomas a recording rain rain gages and they augment the total rainfall out of proportion to their

significance for crop growth and for vegetation because they barely wet

TUT D02 0443




s |

28 SCIENTIFIC SURVEY OF PORTO RICO

Text TABLE 7
RAINFALL INTENSITIES MEASURED AT
Station SCS No. 18 F. S. A, JorLy Hiw Estate, St. Croix, V. L.
(From U. S. Soil Conservation Service)

Total Average Maximum Intensity for Different Intervals

Total
Rainfall, Duration, Intensity,
Month inches hours*® in./hr. 5-min. 10-min. 20-min.  60-min. 120-min.
1940
February 0.90 15.02 0.06 1.00 Q.78 0.38 0.13 -
March 0.52 1.92 0.27 - - - - -
April 1.97 6.42 0.31 2.00 1.50 0.80 0.50 0.28
May 7.10 30.00 0.24 3.50 2.00 1.40 1.10 0.70
June 3.08 8.10 0.38 2.00 1.50 0.90 0.55 0.30
July 2.14 5.07 0.42 5.00 3.50 2.80 1.30 0.65
August 3.08 12.37 0.23 3.00 1.75 0.98 0.30 0.15
4.19 12.65 0.33 7.00 5.00 3.40 1.40 0.75
October 7.47 22.45 0.33 4.50 2.75 2.80 1.70 1.0
November 718 25.37 0.8 5.00 3.50 1.40 1.45 0.90
m 3.47 20.25 0.17 3.50 228 1.60 0.85 0.45
1941
January 1.97 5.02 0.39 2.00 178 0.90 0.40 Q.20
February 0.21 0.80 0.26 - - ~ - -
March 1.33 1.13 1.17 1.50 1.00 0.50 0.18 -
April 218 9.45 0.24 3.78 2.50 1.40 0.56 0.30

* latensities of less than 0.10 in./hr. are not {ncluded.

Text Tanez 8

RAINFALL INTENSITIES MEASURED AT
Station SCS No.15F. S. A, ANNA's Hore Estate, S1. Croix, V. L
(From U. S. Sail Conservation Service)

Total Total Aversge Maximum Intensity for Diflerent Intervals
Rainfall, Duration, Intensity, .
Month inches o in./br, S-min. 10-min.  20-min, 60-min. 120-min.
1940
anuary 035 .77 0.13 - - - - -
ebruacy .00 17.18 0.12 1.80 1.28 0.78 Q.30 0.18
March 0.9 4.92 0.20 1.00 0.7 0.35 0.13 -
cz'il 1.33 4.20 0.37 3.50 1.7§ 1.20 0.30 0.43
May 15.08 0.19 2.00 1.50 0.80 0.40 0.28
June t.56 4.60 0.34 3.00 2.28 1.20 0.40 0.20
July 117 4.23 0.28 1.00 0.78 0.35 0.13 -
August 1.38 743 0.23 3.00 2.00 0.80 0.30 0.13
September 3.24 6.67 0482 1.00 $.00 4.20 2.3Q 1.18
October 8.43 22.08 0.38 4.00 3.00 2.00 0.80 0.50
November 6.0 14.67 0.41 1.00 5.50 3.30 1.10 0.60
2.36 14.10 0.17 1.50 1.00 0.45 0.18 -
1941
January 3.67 12.28 0.30 4.00 2.50 1.60 0.60 0.38
February 0.19 2.50 0.08 - - - - -
March 1.08 2.83 0.37 1.50 1.00 0.50 0.20 0.15
April 2.48 7.28 0.34 4.00 3.00 2.60 0.92 0.48

* Intensities of less than 0.10 in./hr. are oot included.
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Evaporation

The actual water loss from the ground by evaporation and by transpira-
tion of plants is probably higl, judging from the general weather condi-
tions and from the measures of cvaporating power of the air made at the
Experiment Station (see apreNDIX TABLE 8). Consequently, the roughly
45 inches of measured average annual rainfall in the Virgin Islands is by
no means the equivalent for plant growth of 45 inches of measured pre-

cipitation in rainier parts of the West Indies or in the southern United
States.

Thunderstorms, Squalls, and Hail

Thunderstorms occur, as in Porto Rico, chiefly from July to October,
according to the records at Christiansted and Bourne Field (TEXT TABLE
1 and ApPENDIX TABLE 12). Schomburgk in 1837 reported that 5 to 10 per
cent of the days in a year had thunderstorms, mostly in September and
October, which roughly agrees with the Christiansted data, although at
Bourne Field more of the storms occur in July and August. Most storms
probably occur in the afternoon. as at San Juan. They are apt to be squally
and inflict wind damage at times, but lightning damage is usually slight.

Squalls are sometimes associated with heavy showers and probably with
most thunderstorms. The familiar downrush of cold air under a thunder-
storm or tall cumulonimbus cloud can be so violent as to capsize small
boats and damage dwellings, trees, and crops. When the observer is located
on the sunny side of the cloud. it may appear white until after the squalls
reach him, giving rise to the term “white squall” of the West Indian na-
tives ; but when the observer is under or on the shaded side of the cloud.
it appears very dark and ominous, so the accompanying gusts are called
“black squalls”. White squalls are also reported without heavy clouds
nearby, lgat these are merely gusts when the trades are blowing strongly.
The ¥ tpdlan sailor well knows that the squalls are apt to be especially
violengandd rous to boats along a coast which rises to high mountains
idiulaly back of the shore.

Hai.‘“lit!ly reported and most residents spend a lifetime in the islands
without seeing any. There are enough authenticated reports to leave no
doubt that it falls at least every few vears, even several times in some years
in which conditions are favorable for it. Much hail, with cold and rainy
weather, occurred in Virgin Gorda in January 1833, according to Schom-
burgk, who also wrote of hail on the north side of Tortola in November
1829. Knox mentions that hail as big as hen eggs fell in St. Croix on
April 13, 1844; and that a Mr. Nissen told him of a hailstorm at St.
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the vegetation and the top of the soil and do not sink into it, and so are

quickly evaporated by the sun and wind.

Text TABLE 9

PERCENTAGES OF DAYs wITH SPECIFIED AMOUNTS OF RAINFALL.
CHRISTIANSTED, St. Cro1x, 1852-1907

(From Willaume-Jantzen and Ravn)

= 20 mm = 50 mm
0-5 mm (0.79% (1.97%

Month (0-0.20") or more) or more)
January 67 ] 0
February 64 3 0
March 66 4 [}
mﬂ 55 16 2
y 56 10 4
June 46 14 3
July 5S 10- 2
August 54 11 4
September 45 15 4
October 44 18 7
November 48 12 3
52 8 2
Year 54 11 3

AvVERAGE AND ExTREME NUMBERS OF DAYS WITH RAIN, CEMSTIANSTED,

Trxt Tanx 10

St. Crorx, 1852-1907
(From Willaume-Jantzen)

Meath Mean in any ooe year
Pn-ry 11 20 2

. sbruary 9 23 1

! March 6 14 0

7 13 2
w 11 26 3
June 10 20 4
yyed il 17 ‘
ugust
September 13 19 6
October 12 19 6
November 14 20 4
December 13 19 6
Year 128 177 t 204
* These figures are not sums of the columas sbove, but are the extreme totsls on record for sny one
year in the period covered by the table.
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Table 1. Description of wells and September 11, 1987 water-level measurements in
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Ground-water levels in the Turpeﬁtine'ﬂun'basin agquifer, in eastern
Sr. Thomas, were measured in 32 wells on September 11, 19387 and a
poténtigmetrﬁc aurface map was prepared. - The altitude of all wells was
referenced to known land surface altitude benchmarks by use of a level |
survey instrument. The potentiometric surface map wagg prepared by the !
U.5. Geological Survey in coopgration with the Y.5. Environmental
Protaction Ageney,

. Fractured volcanic rocks underlie Turpentine Run basin and are ‘ o)
locally overlain by alluvial deposits (Donnelly, 1959). The alluvial 33
deposits can rdange to 40 feet in thiicknass. Ground water in the

~Turpentine Run basin occurs in the fractured voldanic rock and alluvial
deposits under watdr-table conditions (Jordan, 1973). The alluvial

“deposits are censidered to be Hydraplically connected with the fractured -

“vaolcanic rock. Well depths in the basin can range from 55 to J25 feet ; \\Uﬂ\
bétow land surface.. ) 18°2Q"— &/

WEST END

GREAT BAY |
3

7% z
S 0% ,Z%."&SE»‘.;G )

I [
4 8 KILOMETERS , o) 2

, Several wells were being pumped, or pumping had just terminated, Water
whan the water levels were measured (table 1). These water levels : 2 4 8 MILES Jaland 09}
reflect a pumping or recovery condition; therefore, static water-level i

Cconditions throughout the Turpentine Run bagln at the time of meagurement
cannot be assuped. '

[ R Sl &1
S
@

Q

‘s

Addicional information about ground-water levels in the area of
study is available from the U.S. Geglogical Survey, Watetr Resources - . ) - | !
Nivision, Caribbean District office in San Juan, Puerto Rico, Tel. (809) 18017 ‘

T4H9-4346. o ’

Map of St. Thomas showing the study ares.
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Due to the small size of the islands and the location of all stations
within a few miles of the water, the mean daily range is quite small.

It varies from 9.1° at Charlotte Amalie to 15.1°F at Wintberg. For
these same reasons extremes of temperature are not as great as they are
in Puerto Rico, and relatively few days have temperatures of 90° F or
above. Since the extent of land areas is small, the air passage over
land {s quite short and there is not sufficient time for extreme heating
to take place. On St. Croix, Annas Hope has had a temperature as high
as 99° F.

During the warmest months, maximum temperatures average about 87° to
89° F, with nighttime temperatures falling to about 74° to 78° F, and a
little lower at the higher elevations. In the winter, daily maximum
temperatures are generally in the low 80's and nighttime minima in the
high 60's or low 70's.

The highest mean maximum temperatures are found in August, while the
lowest mean maxima fall either in January or February. The lowest mean
minimum temperatures are observed in January and February, and the
highest mean minimum temperatures are generally in July or August.

DROUGHT - Drought in the Virgin Islands occurs about as often and is
just as damaging as it is in Puerto Rico. None of the three islands has
any significant running rivers or streams and only St. Croix has an
underground water source in a few sections. Water for irrigation is not
available in quantity at any time. Large storage reservoirs do not
exist so the Virgin Islands are, to some extent, more at the mercy of
"Mother Nature" than is Puerto Rico where there are adequate facilities
for water storage.

HAIL - In the U. S. Virgin Islands, hail is even less frequent than in
Puerto Rico. In January of 1969 a severe local hailstorm with hailstones
up to 1 1/2 inches in diameter occurred. This was the first hailstora
on record in the U. S. Virgin Islands.




Qrographic lifting of the moisture laden air over the hilly terrain of
these islands is the most frequent cause of rainfall. However, due to
the smaller elevations and smaller size of the islands, there is a less
marked variation in annual amounts. The larger mean annual totals are
between 50 and. 60 inches at the higher elevations, and the variation
between the greatest and least average value is not as marked as 1t is
in Puerto Rico. Clouds formed by forced ascent of the wind over small
and narrow islands, as is the case for St. Thomas and St. Croix, lean to
the leeward, so that most of the rain from them falls in the ocean to
the lee of the island. Easterly wave passages are important contribu-
tors to the rainfall of the Virgin Islands during the months from May
through November. Like Puerto Rico, the U. S. Virgin Islands lie in the
path of the tropical storms and hurricanes which form over the ocean to
the east of the Lesser Antilles. As in Puerto Rico, they are relatively
infrequent. While cold frontal passages affect the rainfall regime of
the Virgin Islands, the frequency of fronts is less and their intensity
is more likely to be diminished and less effective than in Puerto Rico.

Annual rainfall values indicate differences in rainfall from location to
location with higher elevations generally receiving greater amounts. On
St. Thomas and St. John, on the basis of the limited data available,
mL,aw,,Wingwmwle. On St.
Croix there is a more noticeable variation from place to place. This
Island has the greatest annual rainfall, in excess of 50 inches in the
northwestern corner. There are some indications that stations in a
small area along the central portion of the southern coast of St. Croix
receive about 40 to 45 inches. A narrow. finger of between 25 and 35
inches extends northeast to southwest over the flatlands south of the
hills in the western portion of the Island. Annual rainfall averages
less than 30 inches in the eastern end of St. Croix, possibly as low as
20 inches.

As in Puerto Rico, there is no sharply defined wet-dry season relation-
ship. Records available for the three islands indicate a relatively
wet-relatively dry season distribution similar to that found in the
southern portion of Puerto Rico. The relatively dry period extends from
about December through June. Occasionally, quite heavy rainfall occurs
during the so-called drier months. The driest month of St. Thomas and
St. John usually is February or March and the wettest month September or
October, as in the southern sections of Puerto Rico. On St. Croix, the
month with the heaviest rainfall, on the average, ranges from September
through November.

The number of days with measurable rainfall over the Virgin Islands,
based on a few known-to-be reliable stations, ranges from a little less
than 200 days annually at the higher rainfall stations to less than 100
days annually at the stations with lowest rainfall.

As in Puerto Rico, one of the most striking features of the temperature

regime in the U. S. Virgin Islands is the relatively small variation from
the coolest to the warmest months, ranging from about 5° to 7°F.
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comfort or discomfort, between economic success or failure, or betwee.
safe and compatible building design can be a delicate one. Through
effective planning and intelligent application of climatic considerations
to life in the Caribbean, man can truly say he has found his tropical
paradise.

U. S. VIRGIN ISLANDS

Location: The U. S. Virgin Islands are composed of three major islands,
together with a number of smaller islands and cays totaling about 50.
The three of primary importance are: St. Thomas, where the capital is
located; St. Croix, the largest; and St. John, the smallest.

These islands follow Vieques Island and Culebra Island in the path of
the Lesser Antilles toward South America. St. Thomas lies some 38 miles
east of Puerto Rico and about 1,500 miles southeast of New York.

St. John lies a few miles east of St. Thomas and St. Croix is located
about 40 miles south of St. Thomas and St. John.

With an area of about 28 square miles, St. Thomas is the second largest
of the U. S. Virgin Islands. This island lies between latitudes 18°23'N
and 18°18'N and longitudes 65°03'W and 64°50'W. It is about 5 miles
from its northernmost to its southernmost points and a little more than
12 miles from its eastern to western extremities.

The smallest of the three principal islands is St. John, with an area of
only about 20 square miles. It is also the least populated. St. John
lies between latitudes 18°23'N and 18°18'N, and longitudes 64°48'W and
64°40'W. This island extends about 5 miles from its northern to southern-
tips and about 8 miles from its eastermmost to westernmost points.

Somewhat apart from the others, the largest of the three islands is

St. Croix which has an area of 84 square miles. It lies between lati-
tudes 17°47'N and 17°41'N, and longitudes 64°54'W and 64°34'W. The
Island extends some 19 miles from east to west and 6 miles from north to
south.

Topography: St. Thomas has an extremely irregular coastline and is very

hilly with practically no flatland. The highest hills are generally

- found nearthe center of the Island, with Crown Mountain at 1,550 feet
the highest point. The Island is relatively small and many of the peaks
rise above 1,000 feet. This results in rather steep slopes over all the
island, so that rainfall runoff is quite rapid and there are no per-

Like St. Thomas, St. John has an extremely irregular shoreline and a
very hilly topography. It has a number of peaks over 1,000 feet, topped
by Bordesux Mountain at 1,297 feet in the eastern portion of the island.
Slopes are quite steep over all of the island, and there are very few
areas of flatland. There are no permanent rivers or creeks.
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St. Croix is the largest of the three U. S. Virgin Islands. The topog-
raphy is somewhat different from the other two with a broad expanse of
low, relatively flatland running along the southern two-thirds of the
Island. A range of hills, ranging in elevation from about 500 feet to
more than 1,000 feet, .topped by Mount Eagle at 1,165 feet, runs along
the northern coast. In the eastern end of St. Croix is found another
group of slightly lower hills with a maximum elevation of about 860
feet. The relatively small area covered by hills on St. Croix results

in rather steep slopes down to the Caribbean in the north and to the
level areas to the south.

Agriculture is not as important in the U. S. Virgin Islands as it is in

Puerto Rico. St. Croix is the only one of the U. S. Virgin Islands with
any sizable expanse of flatland suitable for farming. Here sugar cane,

which was the principal crop, has been abandoned. Subsistence crops are
now a minor effort. Some cattle are raised for milk and meat.

In St. Croix, industrial growth has become a significant factor in the
island's economy. With the downgrading of agriculture, industrial
complexes have been expanded to include the petrochemical industry and
refinement of aluminum. Light industrial plants and the manufacture of
rum are the other industrial activities in St. Croix and St. Thomas.

St. John has no industrial development and remains primarily a National
Park.

Tourism is the biggest factor in the Virgin Islands economy. It has,
over the past years, undergone a vast increase in the numbers of cruise
ships, especially at St. Thomas and St. Croix. Hotel facilities have
been increased on both islands.

One of the principal causes of concern in the U. S, Virgin Islands is
the short supply of water. Rainfall, while above 40 inches annually
over most of the area, is insufficient. This is due partially to a high
evaporation rate and the rapid runoff from the steep slopes on St.
Thomas and St. John and, to a certain extent, on St. Croix.

In an effort to utilize available water efficiently, most homes and
business establishments catch rainwater on the roofs and pipe it to
cisterns. The runway at the airport at St. Thomas is also used as a
catchment area. On St. Thomas and St. John it is common to see the
entire side of a hill cemented to act as a catchment area. Generally,
during the drier portion of the year, it 1is necessary to carry water by
barge from Puerto Rico. Installation of a sea-water distillation unit
on St. Thomas and St. Croix has helped alleviate the water shortage but
water still remains a significant factor in the development of the
island's ecogomy.

Rainfall in the U. S. Virgin Islands is of the same nature as that in
Puerto Rico, falling most frequently in the form of brief showers. The
rainfall-producing mechanisms are essentially the same as in Puerto Rico
except in the matter of degree.
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appear to be sufficient land available to increase the
cistern volumes laterally. The only way the volume
could be increased is by making deeper cisterns. This
operation would require the shoring of the existing
homes and apartments, therafore, the possibilty of
structural damage to these residences.

2.0 SITE DESCRIPTION AND CONDITIONS
2.1 gjite Background and conditions

The Tutu Well site is located at the eastern end of the
Island at the Anna’s Retreat Section of St. Thomas (see
Pigure 2-1 page 5). Most of the wells are used for public
drinking water supply. The wells appear to be drilled
into the Turpentine Run aquifer.

Oon, or about July 7, 1987, Mr. Eric Tillett, contacted
the U.S. Virgin Islands (U.S.V.I.) Department of
Planning and Natural Resources (DPNR) regarding an odor
emanating from the raw vell water on his property
located at Anna’s Retreat, St. Thomas, U.S.V.I.

On July 16, 1987, the USEPA received a request from the
DPNR in St. Thomas, for sampling and analyses of
several vells in Tutu. On July 21, the USEPA and its ~
Technical Assistance Team (TAT) contractor, Roy P.
Weston, Inc., mobilized to St. Thomas, to perform
sampling on the drinking wvater wells suspected of being
N contaminated. These wells vere also reported to have a
strong, unpleasant odor and were found to be
contaminated with hazardous substances.

The EPA and its Technical Assistance Team (TAT) in
coordination with DPNR, initiated sampling of wells in
the affected area in July 1987. The test results
shoved the presence of high concentrations of gasoline
and chlorinated organic compounds. Pour wells: Elgin,
Pour Winds, Harthman, and Virgin Islands Housing
Authority (VIHA) were closed down by order of DPNR due
to high VOC concentrations.

Several of the wells in this area are major

commercial well services used for public drinking water
supply, therefore, the incident was classified as major,
and the DPNR Commissioner requested the EPA to assume the
role of Lead Agency. The well locations can be seen in
Figure 2-2 page 6.

A Texaco station, located opposite the Tillet Well, is
suspected as a possible source of contamination. A
Petrotight test conducted on the underground storage
tanks at this facility indicated leaks in two of

the three tanks. These failures may have contributed
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1 BRYANS 12,5 4 WINDS i
2 RODRIGUES 123 3 WINDS 2 %‘
33 HARTHMAN BAKERY 131 VMHA 4
32 EARTHMAN BAKERY 132 VIHA 2 3
; 23 EARTHMAN BAKERY 133 VA 3 3
41 CENE EGUN i 134 VA 4 %
4.2 GENE EGCLIN 2 14  ALPHA LEONARD 3
43 GENE ECUN 3 : DEMITRI %
s HARVEY'S ! DENCH
8 STERIcT 2.1 DEVCON 1
7 WMATHLS'S 172 DEVCON 2
3 SuITHS =3 DEVCON 3
9 FRANCOIS 18 DEDE
10 TILETS 19 LOCKEAR?
11 RAMSEY'S

HOOK

———




to the groundwater pollution problem, resulting in the
contamination of nearby wells. Another suspected
source of contamination is the Tutu Esso gas station.
This facility stores vaste o0il in an underground
storage tank. The facility has had problems in the
past wvith leakage from their underground gasoline
storage tank and is suspected of using solvents

in the mechanic shop. At the time of inspection, the
nature of the problem had not been determined. Both
the Texaco and Esso gas stations are upgradient from
the affected vells which are being supplied with wvater.

EPA continued its efforts towards the identification of;
affected wells in the area, customers which

had received wvater from contaminated wells, and
possible alternate water supplies and remedial

action alternatives.

A testing program of wells located outside of the known
area of contamination was conducted to evaluate those
areas as possible alternate water supply sources.

Sampling of cisterns served by the contaminated wells
wvas also performed. EPA directed the Emergency
Response Cleanup Services contractor (ERCS) to; clean
and disinfect the five (%) cisterns which had tested
positive for PCE, modify the existing home plumbing,
disconnect the contaminated wells, and dispose of the
contaminated water. At EPA’s direction, ERCS also
contracted a local vater hauler to deliver
uncontaminated drinking water to the cisterns by tank
truck. A well sampling program wvas established by the
EPA to monitor the wells at the Tutu site for a one
year period.

Nine potential responsible parties have been identified.
These facilities included three gasoline service
stations, two vehicle maintenance repair shops, two
territorial government agencies, one dry cleaner amnd
one abandoned gasoline service station. EPA has
identified Texaco as a viable potentially responsible
party, based on the results of a soil/gas survey
conducted on the Texaco Property under order from DPNR
and under the supervision of EPA. The survey found
total hydrocarbon concentrations up to 690 ppm of
benzene. EPA is continuing its efforts to identify
potential responsible parties.

Topographv and Geology{dl

“St. Thomas is the most northwest island of the U.S.
Virgin Islands and the second largest. The island is
approximately 14 miles long and 2 to 3 miles wide and
has an area of 32 square miles.
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The land surface is almost entirely sloping and extenc
seavard from a central ridge, 800 to 1,200 feet high,
running the length of the island. The slopes, which
commonly exceed 35 degrees, are dissected by numercus
stream courses of steep gradient. The general
appearance is a panorama of steep interstream spurs an
rounded peaks. PFlat inland is confined to the
Charlotte Amalie area and a fev small alluvial-filled
embayments. The only variation in the general
topography is in the upper valley of Turpentine Run in
eastern St. Thomas. The valley has relatively gentle
topography consisting of rolling hills in a basin
surrounded by steep slopes and sharp ridges.

The Tutu Formation, the youngest rock exposed on St.
Thomas is composed almost entirely of angular debris
derived from the Louisenhoj Pormatjon (an older
volcanic formation) and minor limestone debris from
thin limestone deposited contemporaneocusly with the
Tutu Formation.

The rocks wvere subsequently tilted to form a northward-
dipping homocline. Dips range from 15 to 90 degrees
and average about 50 degrees. Locally the formations
are overturned.

The permeable zones that these rocks once may have had
after deposition have been destroyed by metamorphisa or
by deposition of minerals in pore spaces. Groundwater
movement is nowv limited to openings along joints and
fault zones. The homoclinal structure is cut by sets
of faults trending N 45°W, N S5°E and north. Three
well-defined joint sets parallel each of the major
fault directions. The valleys of the island have
similar trends and are apparently the result of
selective erosion of rock weakened by faulting and
jointing. Prime zones of groundwater availability,
therefore, follow the valleys.

Small alluvial deposits ranging from Pleistocene to
Holocene in age, lie in the valley of Turpentine Run in
esast-cantral St. Thomas and the larger coastal
embayments.

The alluvium of Turpentine Run lies in a narrow band
seldom more than 200 feet in width along the streanm.
Maximum thickness of the alluvium is about 40 feet.
Most of the alluvium, which is composed of silt, fine
sand, and clay and contains discontinuous beds of sand
and gravel 2 to 3 feet thick: lies in the Mt. Zion-Tutu
area of the upper basin and in the narrow valley froa
Mariendal to Mangrove Lagoon in the lower basin. The
alluvium extends out under the lagoon near the mouth of
Turpentine Run. Although composed predominately of
fine-grained material, the alluvium readily infiltrates
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streamflow when the groundwater level is below the base
of the stream. As such, the alluvium forms a readily
rechargeable aquifer, although it is of small extent
and yield.

Some coastal embayments headed by intermittant streams
contain small deposits of alluvium similar to that of
Turpentine Run. Maximum thickness of these deposits is
estimated to be 50 feet, and their areal extent seldom
is greater than a few acres (an exception being the
Long Bay and Airport areas near Charlotte Amalie).

Near the sea, the alluvium interfingers with calcareous
sand and at times contains lenses of mangrove swamp
deposits. Therefore, the deposits ife of minor
significance as sources of vater®.

Rainfall {3l

"Rain is the only natural source of fresh water to
replenish the wvater resources of the island. Rainfa)
is seasonal, with a rainy season in late summer and
early fall and a secondary vet season usually in May.
Nearly half the rain falls during August-November.

times a year. P
PWMLMM
ése rains can occur any mon but are more like
during the hurricane season (August-November). About
!&Eg:nt of the time annual rainfall is between 40
S0 éS. less than 10 percent of the time annual
rainfall is under 35 inches, which usually means a

major deficiency during the normal wet season and
drought.

The cumulative departure from average and the 10-year
running average of rainfall shows that at this time of
vriting (1967) the island may be entering a period of
deficient rainfall. With the exception of a few years
in the late 1940’s and early 1950’s, rainfall in the
past 30 years has been below average. There has been a
long-term decline of about 10 inches in annual rainfall
since the peak of the surplus rainfall period in the
early 1930’s. The most severe droughts on record
occcurred in 1964 and 1967, when only 27 and 24 inches
of rain fell, respectively.

Areal distribution of long-term rainfall, is

controlled by topography and the prevailing easterly to
northeasterly winds. Howvever, individual storms may
or may not show the effects of orographic control or
prevailing winds and the areal g}stribution of the
storms can be very irreqular'.( See Figure 2-3,

page 10, for average yearly rainfall.



2.4 sSampling Resylts

The Tutu well site has been sampled repeatedly over-
the last ten months and found to contain definite
contamination. The initial assessment was conducted in
July through September of 1987. Subsequent sampling
and analysis has proceeded on a monthly basis. The
initial assessment considered 26 wells and
approximately 50 cisterns. Of these wells and
cisterns; 24 wells and 5 cisterns wvere found to be
contaminated. The 5 cisterns were cleaned and
disinfected by the ERCS contractor. Subsequent
monitoring has been considered for the 24 wvells that
showved some type of contamination.

Table 2-1 pg. 12, lists the wells included in the current
sampling program. Tables 2-2 and 2-3 , pages 13-16,

show the volatile organic analysis results of the
contaminated wells and give the highest concentration

of organic contamination found during the last six
months.

The sampling, and most of the preliminary Photovac
portable GC screening, was conducted by the U.S. EPA
Region II TAT. Drinking vater laboratories have
performed formal analyses to verify the photovac
screening results and to cover the entire spectrum of
possible hazardous contaminants.

Although, the concentration of these contaminants
fluctuates monthly, it is noteworthy that the major
contaminants have been 1,2-trans-dichlorocethylene
(DCE), trichloroethylene (TCE), tetrachlorocethylene
(PCE), toluene (TOL), benzene (BEN), tertbutyl methyl
ether (TBME) and various metals. Their high
concentration in four wells; Tillet, Harvey, Smith and
Steele has been evident from the initial assessment.
These wells show concentrations of volatile organics
(VO) in excess of 1,000 ppb. The major and most
consistent contaminant appears to be PCE. The Tillet
well has also shown very high DCE and BEN
contamination. Pour other wells; Prancois, Mathias,
Four Winds, and Elgin; were confirmed to have >50 ppb
VOCs.

The last confirmation analysis conducted during October
1987, included the entire Hazardous Substance List
(HSL), (consisting of approximately 150 chemicals). At
that time, significant levels of TBME up to 470 ppb,
and methylene chloride up to 120,000 ppb wvere detected.
Some samples have also shown traces of vinyl chloride,
chloroform, 1,1,1-trichlorcethane, bromodichloroethane,
Xylene, and ethylbenzene.

Finally, the HSL analysis also showed the presence of

11



TABLE 2-1
CURRENT WELL MONITORING PROGRAM
AND CLASSIFICATION AT TUTU WELL SITE

WELL NAME CLASSIFICATION QPEN/CILOSED
1. Dede Public Open
2. Steele Private Closed
3. BRlgin 1 Commercial Closed
Elgin $2 Commercial Closed
Elgin #3 Commercial Closed
4. Pour Winds Commercial Closed
S. Smith Private Closed
6. Bryan Commercial Open
7. Harvey Private Closed
8. Tillet Commercial Closed
9. Harthman Estate Private Closed
10. Devcon #1 Commercial Open
Devcon §#3 Commercial Open
11. VIHA #1 Institutional Closed
VIHA #3 Institutional Closed
12. Dench Commercial Pump/No Power
13. Ramsey Private open
14. Harthman Crusher Commercial Closed
15. Alpha Leonard Private Open
16. PFrancois Private Open
17. Demitris Commercial Open
18. Rodriguez Auto Private Open

O
-
0
]
2

19. Harthman Bakery Commercial
20. Mathias Private

N

Definition of Classifications

i

Private: Wells which serve one or two houses.
Commercial: Wells that are used to yield wvater for sale.

Institutional: Wells owned and operated by a non-profit
institution or governmental agency.

Public: Wells that are for public use.

1 T A et
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FISH AND WILDLIFE SERVICE LIST OF ENDANGERED
AND THREATENED WILDLIFE AND PLANTS

(50 CFR 17.11, 17.12; As shown in Code of Federal Regulations, Volume 50,
Revised as of October 1, 1983; 48 FR 46057, October 11, 1983; 48 FR 46331, 46336,
46337, 46341, October 12, 1983; 48 FR 49248, October 25, 1983; 48 FR 52742, 52746,
November 22, 1983; 49 FR 1058, January 9, 1984; 49 FR 1994, January 17, 1984; 49
FR 2783, 2786, January 23, 1984; 49 FR 6102, February 17, 1984; 49 FR 7334,
February 28, 1984; 49 FR 7394, 7397, February 29, 1984; 49 FR 10525, March 20,
1984; 49 FR 14356, April 11, 1984; 49 FR 21058, May 18, 1984; 49 FR 22329, 22334,
May 29, 1984; 49 FR 27514, July &, 1984; 49 FR 28565, July 13, 1984; 49 FR 29234,
29237, July 19, 1984; 49 FR 30201, July 27, 1984; 49 FR 31420, August 7, 1984; 49 FR
33885, 33892, August 27, 1984; 49 FR 34494, 34500, 34504, 34510, August 31, 1984;
49 FR 35954, September 13, 1984; 49 FR 40038, October 12, 1984; 49 FR 43069,
October 26, 1984; 49 FR 43968, November 1, 1984; 49 FR 44756, November 9, 1984; 49
FR 45163, November 15, 1984; 49 FR 47400, December 4, 1984; 50 FR 1056, January

9, 198S)

Title 50—Wildlife and Fisheries

CHAPTER —UNITED STATES FISH AND
WILDLIFE SERVICE, DEPARTMENT OF
THE INTERIOR

SUBCHAPTER B—TAKING, POSSESSION, TRANS.
PORTATION, SALE, PURCHASE. BARTER. EX-
N:lTATION. AND IMPORTATION OF WILD
LIFE

PART 17—ENDANGERED AND
THREATENED WILDLIFE AND PLANTS
Authority: Pub. L. 93-205, 87 Stat. 884;

Pub. L. 94-359, 90 Stat. 911; Pub. L. 95-
632, 92 Stat. 3751; Pub. L. 96-159, 93
Stat. 122§; Pub. L. 97-304, 96 Stat. 1411
(16 US.C. 1531 et seq.)
{Amended by 49 FR 21058, May 18,
1984. 49 FR 22329, 22334, May 29, 1984;
49 FR 27514, July 5. 1984; 49 FR 28565,
July 13, 1984; 49 FR 29234, 292137, July
19, 1984; 49 FR 30201, July 27, 1984; 49
FR 31420, August 7. 1984; 49 FR 33885,
33892, August 27, 1984; 49 FR 34494,
34500, 34504, 34510, August 31, 1984, 49
FR 35954, September 13, 1984; 49 FR
43968. November |. 1984; 49 FR 44756.
November 9, 1984; 49 FR 45163, Novem-
ber 15, 1984: 49 FR 47400, December 4,
1984; 50 FR 1056. Janusry 9. 1985)
Subpert B — Lists
§17.11

Endsngered and threstemed
wildlife.

(a) The list in this section contains the
names of all species of wildlife which have
been determined by the Services to be
Endangered or Threatened. It also con-
tains the names of species of wildlife treat-
ed as Endangered or Threatened because
they are sufficiently similar in appearance
to Endangered or Threatened species (see
§17.50 er seq.).

(b) The columns entitled “Common
Name.” “Scientiic Name,” and “Verte-
brate Population Where Endangered or
Threatened™ define the species of wildlife

2-8-85

within the meaning of the Act. Thus, dif-
ferently classified geographic populations
of the same venecbrate subspecies or spe-
cies shall be identified by their differing
geographic boundaries, even though the
other two columns are identical. The term
“Entire” means that all populations
throughout the present range of a verte-
brate species are listed. Although common
names are included, they cannot be relied
upon for identification of any specimen,
since they may vary greatly in local usage.
The Services shall use the most recently
accepted scientific name. In cases in
which confusion might arise. a synonym(s)
will be provided in parentheses. The Ser-
vices shall rely to the extent practicadle on
the International Code of Zoologicai
Nomenclature.

(c) In the “Status” column the foliow-
ing symbols are used: “E” for Endan-
gered, “T™ for Threatened, and “E [or T}
(S/A)" for similarity of appearance
species.

(d) The other data in the list are non-
regulatory in nature and are provided for
the information of the reader. In the annu-
al revision and compilation of this Title,
the following information may be amend-
ed without public notice: the speiling of
species’ names. historical range, footnotes,
references 10 certain other applicable por-
tions of this Title. synonyms, and more
current names. In any of these revised
entries, neither the species, as defined in
paragraph (b) of this section, nor its status
may be changed without following the
procedures of Part 424 of this Title.

(e) The “Historic Range” indicates the
known general distribution of the species
or subspecies as reported in the current
scientific literature. The present distribu-

tion may be greatly reduced from this
historic range. This column does not imply
any limitation on the application of the
prohibitions in the Act or implementing
rules. Such prohibitions apply to all indi-
viduals of the species, wherever found.

(D(1) A footnote 10 the Federal Regis-
ter publicatuion(s) listing or reclassifying a
species is indicated under the column
“When Listed.” Footnote numbers to
§817.11 and 17.12 are in the same nu-
merical sequence. since plants and animals
may be listed in the same Federal Register
document. That document. at least since
1973, includes a siatement indicating the
basis for the listing. as well as the effective
date(s) of said listing.

(2) The “Special Rules” and “Critical
Habitat” columns provide a cross refer-
ence 10 other sections in Parts 17, 222,
226, or 227. The “Special Rules™ column
will also be used to cite the special rules
that describe experimental populations
and determine if they are essential or
nonessential. Separate listing  will
be made for experimental populations,

and the status column will include
the foliowing symbols: “XE" for
an ecssential experimental popuiation

and “XN for a nonessential experimentai
population. The term “NA" (not applica-
ble) appearing in either of these two col-
umns indicates that there are no speciai
rules and/or Critical Habuat for that par-
ticular species. However. all other appro-
priate rules in Parts 17, 217-227. and 402
still apply to that species. [n addition.
there may be other rules in this Title that
relate 10 such wildlife. ¢.g.. port-of-entry
requirements. It is not intended that the
references in the “Special Rules™ column

[Sec. 17.11(IX2)]
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94 CARIBBEAN GEOLOGICAL INVESTICATIONS T. W. DONNELLY—ST. THOMAS AND $I. Joum, 1 5 s 1kcin hanms 1
the final base map, have good shore-line detail. Mapping on St. John was ' . R . i
done on I:20,000Pcnlargegmenu of the 1:40,000 U.‘S,.chan andJGeodelic d(:.'l:),l:‘l)d:?‘.::d::Z":v;:,cl:c:"i;);:::‘cl"g, alinost entisely of slightly weathared
Survey map. Aerial photographs of approximately 1:30,000 scale were use- - pyroclastic rocks. “The deposition of
y map photographs of app y 1:30, group may have accompanied the formation of the initial i
ful for some structural interpretations. and trench @ ol the dnitial island plattonn
Exposures along the shore lines ranged in quality from excellent 1o very '
poor. Those inland, except in recent road cuts, were almost invariably
X very poor. The best outcrops on both St. Thomas and $t. John are stecp
3 clilfs, which are in places inspossible 1o traverse. More sheltered shore lines
‘ are easily walked, but rock exposures there are much poorer.
Laboratory investigations included study of severa) hundred thin sections, HwasluLpLLlK FORMATION (10,000 feet +)
.' X ray diffraction examination of rock samples and mineral separates, about a tousr contaeh mat (BAECCIA ana TUFE Uiper ong
' 300 partial chemical analyses, and numerous mineral determinations by o ‘
optical examination of crushed samples. About a doten feldspars were o
determined by measurement of index of refraction of grains oriented on O omco car |x == =] TUTU FORMATION (6000 feer +)
the universal stage, according to the method of Smith (1960). Approximately — | fover E:::‘;WU'S h\:“ﬂ 1ncludes near 1he base the
100 additional plagioclase samples were dctermined by measurements of cl2 ] tnetes e Eco::‘r)eccc:; t"'r‘r“’::::‘;::. tame
indices of refraction of unoriented grains. An extensive optical study of the | Fcon romr [ E5R:045 (200300 feet): coarsciy cavstarcme
lcldspars, completed alter this manuscript was first submitted, has been I o et ooy LIMESTONE. Top o formonon not erpared in U'S wtanas
published clsewhere (Donnclly, 1963). Pyroxenes were detcriined by meas- e~ OLHE:?‘L?? ",ﬁ?c,},l-'ﬂe;srgrjg (200 - 600 teet)
urement of n, and 2V, according to the method of Hess (1949). |z LIMESTONE . - TURTACEOUS. RADOLARIAN
[C] LOUISENHOU
SUMMARY OF STRATIGRAPHY OF ST. THOMAS w|& Thomas), 4000, fest (61" Thomes ) <50l St
' AND ST. JOHN al> end e ol Ul S TE anpe e Bncccn
. . . . . w :";m gobes Poini Conglomerate lilhofocies
I'he 1ock units of St. Thomas and St. John (Fig. 2) can be divided into O lihetagy, + o9 €obles of TWATER 15LAND fORMATION
three major groups: the Water Island Formation, which consists of kera- <
tophyres and spilites; the Virgin Island Group, which consists of andesitic 1 s sl
pyroclastic rocks and sediments; and one or more dioritic plutons. The :*rJ UNCONFORMIT y
Water Island Formation possibly is late Lower Cretaceous. The Virgin Island o T T
Group is probably Albian (although the Hans Lollik Formation could be WATER ISLA
Eocene), and the diorites are early Teitiary. “."0,,“:;‘ ~2°52R:"Lﬁ1'(:':téc' 3-50 09 |'¢¢"'+)
The oldest rocks in the Virgin Islands are the keratophyres and spilites van SPILITE  FLows “ond minor RAGIOLARITLS |
. of the Waier Island Formation. These volcanic rocks are predominantly (udtd By dikes ond plugu of kEnaTOPHYRE.
flows and flow breccias, but keratophyric pyroclastic rocks are widespread.
_ A few of the finegrained tuffaceous beds contain well-preserved Radiolaria
L of undetermined age. Noteworthy in the Water Island Formation is the ab-
aoo sence of terrigenous sediments. This characieristic, together with their ap-
Py parently igncous mineralogy, has led the writer to the conclusion that they
e are probably volcanic rocks which were extruded on a relatively level occan Fievwa 2. Stratigraphic scction for St 1 homas and St Johin, Virgan By
- floor, prior to the existence of a trench or island platform. Folding after denosisi ‘
oo In contrast 1o the postulated abyssal environment for the Water Island from dillcl"lcmit»‘l '_"l’.o’.';"’" of the Vaigin Lland Gioup resulicd Lugely
volcanic rocks, most of the overlying pyroclastic rocks of the Virgin Island ing from 15° |; 9‘(;,“5;.'; movement aud produced average dips of 107, 1ang
Group were extruded subaerially. Both the volcanic and sedimentary 10cks olglcss than 1 mile. Al I"‘ a;"’_‘"”"‘! strikeslip faults have hoticontal oilses
‘ exhibit slump structures, and some megabieccias contain limestone blocks emplacement of di .'."’"f Peontactmetamor phic cltects 1esulting from the
¥i up 10 100 fect long. ‘The bulk of the sedimentary 1ocks in the Virgin Istand Tbgma dil ortic plutons arc cxiensive, the western two thuds of Si
A $ and the southern third of St. Johin are essentially unmetamor phosed
£,
wh
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WATER ISLAND FORMATION

GENERAL STATEMENT

The Water Islind Formation of possible late Lower Cretaceous age
cunsists almost entirely of keratophyie, spilite, and radiolarian lul!. The ex-
posed thickness of this formation is 15,000 feet, based on projccuof\ of l'hc
highest and lowest hoiizons seen. A reasonable correction for lenticularity
might lower the uue thickness of the exposed section to 8000 or 10,000 fect.
Water Island, in the harbor of Charlotie Amalie, S1. Thonas, has been
selected as the type locality because of the great variety of rock types there
and the general excellence of exposures, although excellent exposures crop
out extemsively along the south shores of St. Thomas and St. John.

“Keratophyre™, as used here, is an extrusive or hypabyssal intrusive \:ol-
canic sock comisiing prodiminantly of albite and quartz, with chlorite,
wicaceaus wmineials, and iron oxides. Nearly all of the Virgin Islands kerato-
phyres contain comsiderable free quartz, commonly as conspicuous pheno-
trysts. Those with quartz phenocrysts could be called “quartz Lc.r:no~
phyre” but inany aphanitic rocks here called “kevatophyre™ are cl\cl_l,nc:lll)'
identical 1o the so called “quartz keratophyres” and the simplest term’is pre-
ferred for al) these rocks. A striking feature of keratophyres is the absence of
phenocrysts (or pseudomorphs) of pyroxene, amphibole, and |f|ica. Kerato-
phyric flows and crystal tofls are sodic, with a very low potassiuin content.
but some apparently vitsic tuffs are slightly more potassic. KCI’J(OPII?IC in-
trusive rocks have a higher potassium content an' connnonly contsin see-
ondary monoclinic K feldspar. . '

“Spilite” is a grecnish seemingly aliered extrusive or hypabyssal intrusive
10ck, consisting of chlorite and albite, with variable amounts of epidote,
prehnite, and caldite, Fresh phenocrysts of clinopyroxene aie gcnc.t.ally
peseny; amphibole and olivine were not seen in the Virgin lsl:m(lf spilites.
Amygdules are abundant and commonly contain most of the calcium con-
tent of the rocks as epidote, calcite, or prehnite, with quariz and chlun.le.
These spilites contain about the same amount of Na,O as the augite
andesites of the Louisenjoj Formation, and about 0.5 per cemt mose (‘han
Virgin 1slands diabase dikes. Included with the spilites here i.s a parvally
albitized augite andesite which occurs near the top of the formation.

The name spilite has been applied in the past to many diverse rock types,
some of which may be low-grade rcgionally metamorphosed andesites or
basalts. Other spilites appear to have been unusually hydrous mafic intru-
sive rocks, and many are deuterically altered basalts or andesites. However,
theie is an impressive body of evidence that many so-called spilites, notably
certain Owdovician, Devonian, and Cretaceous geosynclinal spilites, have
characteristics which can be best explained by assuming an essentially mag-
matic origin for these rocks. It is to this latter group of rocks that the Water
Island Formation spilites belong.
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Such spilites may be thought of as vocks which have forned by albiigg
tion of andcsites. However, this process is believed to occur duting a late
stage in the solidification of a hydrous mafic magina and is not cined by
later metamorphism. Given a certain combination of physical and chemical
conditions, spilitization of mafic extrusive rocks is mevitable. Hence 1he
term, applied in an admnittedly restrictive genetic (hence subjectine) sense, is
a welul one and should be retained. “The author adiits that low grade
metamor phisim may obliterate the mincialogical criteria nccessiny for the
recognition of spilitization. Chemical analysis of o lige and cuclully
selected suite of specimens might reveal whether or not the mctamon phic
rocks in question had been originally spilitized, bue sach analysis might s
Lsil 1o do so, und ihic term should be applicd with care 1o such 1ok siites

RYRATOPIIY RES

Introductony statement. Kerataphyre comprises about fom hiths of o
Water Island Formation. Most kevstopliyie ocoms as flows and How bicaia,
with minor infls, both arystalline and vinic (the Later always devinibed) .
rarely, voleanic breccias. Keratophyric intrsive 1ocks aie not imconnmon,
they occur as both dikes and plugs, commonly with very woll develapad
columnar jointing.

Kaatophyiic flows e generally tens of feet i thickness Tew thick Hows
are completely exposed from top 1o base; those which are well exposed e
striking only lor their textural uniformity. Baking and culling phenomena
are absent. Flow banding, wsually somewhat contorted, is seen locally (P13,
fig. 1). Contacts between flow uiits aie commonly dificult 10 identify as
such, and attitudes of the flows aie not always casily ascertained

Ouc thick keratophiyie flow near the base of the section, on Ram Head,
5t John, shows gopd ficld and pettographic evidence of vertical ditfaienta
tion. The flow is about 165 feet thick, and near the center 1s 1eddish gray.
grading to greenish gray downward and upward. Petrographic differences will
be discussed bater. “Vhe color change observed in the held would appean
to be selated toa ditfesential degice of oxidation of hon winhin the flow,
which is probably vebated 1o velative concentration of volatiles in the thow
center during cooling.

Keratophyre flow bicucias, occurning as discrete buds, aie probably wae
common than flows in the heritophyre sequence but are difficult to dis-
tinguish hiom flows. The manix of the flow brecias can frcquendy b
distinguished fiom the fragments only by carcful sciuting of the owtaop; the
patina of weathering which covers st keratophyres clfcctively obscunes
the fine details necessary 10 1ecognize these rocks. Fragments in flow breccias
are subangular 10 subronnded. "The matrix is almost identica! to the fiag
ments in polished section; however, the matrix weathers more rapidly, and
in outcrop a flow breccia will appear 1ougher in gioss textire than o flow
A few flow bLreccias consist of both kertophyre and spilite fragments. One
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such occurrence (sample GSJ-2, near the west end ol Great St. James Island)
is a 100-foot-thick bed of keratophyre and spilite rubble with a few lime.
stonc lragments set in an apparently igneous matrix. The minor recrystalliza-
tion of the limestone suggests a low temperature of extrusion. No conglomer-
ates were identified within the Water Island Formation, although many
flow breccias have rounded as well as angular fragmenis and, when weathered,
rescinble conglomerates. Opgaf these (samnple $T-274, Lisenlund, St
“Thomas) woull undoubtediybe called a conglomerate by most field geol-
ogists, but unweathered specimens fownd a short distance eastward along
the strik e show the igneous matrix very clearly.

Tulls and volcanic breccias forim minor but distinct units in the forma.
vion. Tufls (grain sice less than 32 mm) are much more comwmon than
breccias and occur as beds only 1 or 2 fect in thickness. None of the il
units could be demonstrated to have a horizontal extent greater than about
half a mile. Grading is visible in the tuft beds, alihough this grading is
cominpnly interrupted by diastems representing the action of water currents
on the sca botiom. Slump struciurcs, generally in the form of contorted
bedding, ase uncommon. Many tff beds are silicified, alithough the original
pyroclastic groundmass is recognizable in thin section. Apparently the origin.
ally vitric groundmass of many tuffs has aliered to fine grained mica minerals;
muscovite is the most widespread, and celadonite and stilpnomelane have
been recognized.

QOne of the best exposures of a keratophyre breccia is on the cast shote of
Lameshur Bay, St. John (sample §]-7). Here a bed several tens of feet thick
consists of angular fragments of keratophyre a few mm to 5 cm in a reddish,
hematitic matrix (Pl 4, fig. 4). The hematitic matrix contrasts with the
more neutral colors of most other keratophyre flows and tuffs in which
hematite is generally subordinate to magnetite.

Dikes and shallow plutons of keratophyre occur throughout the formna-
tion, but are most conspicuous in the hills southwest of Charlotte Amalic,
St. Thomas (Haypiece Hill, Grambokola Hill, Sara Hill, Cabritaberg), in
the vicinity of Nazareth Bay, St. Thomas, and in the vicinity of Hoffman and
Mt Zion, St. Thomas. (Mt Zion itself, however, is underlain by another
type of intrusive 1ock.) These badies commonly exhibit columnyp jointing
perpendicular 1o the cooling surface, und examination of the joints pro-
vides a means of reconstructing the shape of the intrusive Lody.

The hills around the Submarine Base on St. Thomas (Cabritabeig, Gram-
Lokola, Haypiece, and Sara hills) are underlain by one or two intrusive bodies
known collectively as the Submarine Base Pluton. The accompanying map
and sections (Fig. 3) show that the form of the intrusive body is irregular.
The pattern of joinis around Haypicce Hill sirongly suggests the presence
of an intrusive funncl beneath this hill. The joint paucyn beacath eastein
Sara Hill, on the other hand, would appear to suggest that the floor of 1he
intrusive body is snbhorizontal, inegular, and shallowly dipping here.
The intrusive-extrusive contact near a probable vent at the southern end of
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'(}f.unl;olul.n Hill s moderately steep. On Cabvabierg Tl the colunman
Jomnts are nearly horizontal o1 shallowly dipping towad the somthern cnd
of the intrusive body. but are neatly verrical approninately 300 leet nonh
of the southern contact. An outcrop of extrusive rock, evndendy occune
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just uaderneath the intrusive body, can be seen abong the shore just sourh
of the Caribbean Hotcl. 1aie the intrusive body was probably fad through
a steep conduit at its southern end, and spread northward s a 10ughly
conformable sheet. It i not known whether or not this intusie Dindy
connects with the other onc at shallow depth.

The occurrence of intrusive keratophyre in moderately lage bodics 1o
ward the top of the scction may refiect a subile upward change 1 tuhology:
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ture optics), and rare biotitic mica and a mafic mineral which has altered
completely to a Anegrained, very red substance. This could be either
iddingsite, bowlingite, or some other clay mineral or combination ol
minerals. The glass fragments have dilluse outlines and could be shards.
In no case, however, has the degree of preservation revealed the outlines
of the original glass fragments. The appearance of these beds in thin sec-
tion is very similar 10 the shightly devitrified tuffaccous beds found in ex-
plosive rhyolitic suites, but their explosive origin is not established by
petrographic evidence.

SIRATICRAPIIC VARIATIONS

The Water Island Formation is icmarkably wnilonm, comsisting tnough-
out of about one hilth spilite and the remainder keratophyre. ‘1 he lower por-
tion of the formation, seen bLest at Ram Head, St. Joha, and on Gieat St
James Island, consists dominantly of thick keratophyre flows with inter-
calated spilites. Breccias and pysoclastic rocks are minor and form only
very thin units with a limited lateral extent. The upper portion of the for-
mation, scen best in the vicinity of Charlotie Amalie, St. Thomas, and on
Water Island itself dilfers principally in the greater percentage of pyroclastic
units. Around the inwusive bodies of Haypiece Hill, Grambokola Hill, and
Cabritaberg, the formation is dominantly pyroclastic, with only a few thin
Leratophyric flows. On Flag Hill, suatigiaphically slightly lower than these
pyroclastic 10cks, a strikingly thick pyroclastic unit is intercalated in a
dominantly flow sequence. No mineralogical distinctions between the lower
and upper portions of the formation can be seen except that near the top
ol the formation there is one occurrence of oligoclase and albite with
high-temperature optics, and there are three occurrences of albite with
optics which deviate significantly from the low-tempeiature state and which
have been called quasi-low-temperature optics (Donnclly, 1963).

ENVIRONMENT

The most striking feature of the Water Island Formation is the complete
absence of terrigenous sediment: the entire exposcd thickness consists of
volcanic rocks only slightly reworked locally by water. The second impor-
tant feature of this unit is that most of the volcanic rocks, except for the
uppermost 5 per cent of the formation, are flows. The pyioclastic 1ocks
themselves consist entirely of relatively equant, angular fragsments, and
shards or puiniceous [ragments are not scen. The quicscent eruption of
apparently hydiated magmas must indicate that these magmas were
crupted under a confining pressure of superincumnbent sea water approxi-
mately eqquivalent to that of the deep-sca bottom, which is sullicient to prc-
vent the explosive expansion of a magmatic gas phase. Hydrated magmas
crupted in this environment will experience separation of volatiles if the
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partial pressure of these volatiles exceeds that of the sea water (about 500
atm at 15,000 feet). The cxpansion of these volatiles, however, will be in the
order of a [ew times, not many thousand times, as would be the case if the
magmas were erupted subaerially or in shallow water. Abyssal pyroclastic
rocks will not be formed by explosion but by relatively quict expansion of
volatiles and sudden chilling by sca water. Dispeisal of pyroclastic hagments
will probably be effected by slow moving bottons curients, o comvective
currents initiated by the release of heat into the sea water. The absence ol
terrigenous sedimentary vocks indicates that there were no cmargent ishanls
which could have served as the soince of weathered detiinus Stomp
structures or other evidences of deposition on slopes are prosent but wie
not abundant; in contrast, near the top ol the formation there are several
striking occiniences of evenly layered pyrodastic kevatophyie with no bed
ding distwrbances. Evidently this formation accumulated not only in abys
sal depihs but also on rather lat sea botiom. The appearance of slightly
more explosive cruptives only at the very top of the Formation shows that the
sca bottom may have been subsiding during the grcater pac of the ac
cumulation but that subsidence was not rapid enough 1o maintain a con-
stant water level at the eruptive center of the accumulated volcanic deposit
Alternatively, regional uplift near the end of Water Island time coulid i
been responsible for the appaicnt shallowing of wates

VIRGIN ISLAND GROUYP

LOUISENNOJ FORMATTON

Introductory statement. Un onformably overlying the Warer hland
Formation and cropping ont on about half the Land aaca of St. 1 homas anid
St. John is the Louisenhoj (Leo & zan hoi) Formation, named for excellent
exposuies in roiud cuts in the vidinity of Lonisenhiof. just noteh of Clialotie
Aualie, St. ‘Thomas. [Uhis thick scquence is predominantly sgite andesine
and varics in mole of deposition from pyroclastic 1o c|;i(l.mi(., The maxi-
mum appatent thickness taversed s abont 13,000 feet, but a reasonable
correction for lenticularity might veduce this compruted thickness by a thind
or more. Cleve (I871) called this vock type “Blue Beach® and this name T
pessisted: all of ihe natives of the Vitgin Blands e Loanilian with Bl
Bitch™ or “Blue Bir.”

The formation is thickest and almost entitely pyrochistic (locally veworked
tult beds are considered essentially pyroclastic) in western St Thomas. In
castern St "Thomas the formation is mach thinnes (1 feer) aned iy comy
poscd almost entitely of couse shonped and vewarked pyrochastic debis
probably oviginating fiom i sl subaciial cone. I westeen St John "w-
formation is thicker (7000 fecr minineem) and consists prodomananly of
comse cone debiis., Figine 6 shows an interpretation of the conditions whicly
tesulted in this disibution of 10ck types and thicknesses. Exidence for the
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postulated Pillsbury Sound eruptive center is based on the coarsencss ol
volcanic ejecta in nearby western St. John and castern St. Thowas, on the
presence in Pillsbury Sound of a dioritic pluton, and on the necessity of
finding the nearest ycasonable souice for the lithic framents in the Lonisen
hioj Formation of western St. Thomas. In westesnn St Thonwas (15 miles lrom
the presumcd cruptive centet) occasional angular blocks 6 inches in diam-
eter are found in the ash beds, which themselves 1ange from fine wlt 1o
fragments about ¥ inch long.

The coanse cone delnis is most stiking in western St Johin and caostern
St. Thomas. In westain St Jolwe 4 foot blocks of what wust have bicen
subacrially depusited ash from the slopes of the cones e found mined in
coarse conglomeratic beds. Near Mandal in eastean St. Thowmas Lage frag-
ments of what may have been a subuerial andesite flow are seen in brecdiag
of debris croded from the cone. At vne lodality hagiments of How up to 2
feet long rest in a manix of finer matevial. Many of these fragments biroke
i apart just prio to cessation of tunsport, and their bioken outlines can be

| matched in outcrop. This is the only probable Huw material identified in
: this fovmation.

PILLSBURY SOUND

BRIS FROM CONE

ZONE OF COARSE SLUMP

e g

At the type ocality the formation consists dommantly of beds of (oaise
andesitic tufl which, like most ol the il seen. was apparently water baid
The beds are typically 6-12 feet thick and have Laiv grading with the coasest
material (rarely coarser than about 8 inches; o {ew blocks 1o 1 foot) nen the
base. These bLeds commonly show Liminar shimping (Figs. 7, 8). 1 he most
striking featuie of this slumping is the abundance of “pull apann™ and
the frequent intenuptions and acvasals of the giading ‘this b
slumping is a very characteristic feature of the Louisenhoj Fonmation and
appareatly formed as follows: an ash fall was deposited underwatar (Fig 70
on a slope and developed fair grading, interrapted occasionally by a lage
angular Ulock which depiessed the bedding below it ‘The fine ash on 1op
becamne cohicsive mose rapidly than did the coarser ash below. ‘The less
cohicsive, comser material below slumped (Fig. 7B), carrying on it and en-
veloping within it fragments of the morc cohesive, finer grained material
above. The flow was rarely rapid enough to become turbulent; the pulled:
apart beds have nearly all actained an orientation parallel to the bedding
During this process of slump tie grading lost its original arangement, awd
the coarsest natcrial is commonly found somewhat above the bise of the
unit. Additional evidence for depusition on a slope is the nearly uhiguitous
slunip structures scen in fine-guained wills in the formation
Purcly pyroclastic beds ate not always easily distinguished from it beds
which have slumped and fiom beds which have been moie or less rewanked
by water currents. Courser pyroclastic yocks usuatly exhibit the fragment
angularity, the uniformity of lithologics, and the apparently igncous
matrix which one associates with ash deposits, whereas finer ash beds 1o
semble volcanic wacke. The over-all aspect of this (ormation suggests aevial
transport and subaqucous deposition of pyroclastic debris. Transporta:
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Cabes Point Conglomerate lithofacics. Near the base of the formation
in the vicinity of Cruz Bay, St. John, and Cabes Point, Pearson Gardens,
and Bunker Hill, St Thomas, conglomerates ate interbedded with andcsi-
tic pyroclastic and epiclastic 1ocks. These conglumerates consist almost
entirely of well rounded keratophyre cobbles and pebbles derived from the
underlying Water Island Formation. At Cruz Bay, however, these conglom-
erates are more or less mixed with andesitic debuis, suggesting that sub-
acrial erasion of the cone deposits and that of the underlying keratophyie
beds were simultaneous. At Cabes Point the conglomerate is composcid of
wellsounded and faitly wellsorted keratophyie and spilite cobbles and
pebbles. These conglomerate beds appear to have been deposited in
shallow watcr, and were not products of tubidity-curient deposition. They
ate well sorted, are not graded, and have relatively lintle matrix. Their
presence indicates subaerial erosion, transport, and deposition of older
rocks during carly Louisenhoj time.

Water Island.l ouisenhoj contact. There ate few places where the
contdct between the Water Iland and Louisenhoj Formations is well
exposed. In St. John there is one excellent exposure of the contact along
the west shore of Monte Buy, and there arc poor exposurcs al Klein
Bay. The exposuie on Monte Bay shows a conglomesate of the Louisenhoj
overlying a spilite bed. The spilite is quite resh at the contact, and the over-
lying couglumerate contains a wide assortment of Water Island lithologics
including, however, very few rocks identifiable with the underlying spilite.
At Calvary Bay, St. John, therc is an exposure of a conglomerate of the
Louisenhoj Formation overlying keratophyre.

On St. ‘Thomas the contact itself is poorly exposed, but an extensive cx-
posure of Louisenhoj beds above the contact at the headlands between
Brewer's Bay and the airport is of great intesest because of the extent of
apparently contemporancous weathering displayed here. The Louisenhoj
beds here consist dominantly of subaerially, varicolored andesitic ash inter-
bedded with conglomeratic Water Island detritus. Some of the ash units
are brick red and consist solely of albite, hematite, and a little illite (X-1ay
diffraction). The albitized plagioclase phenocrysts evidently withstood the
weathering almost perfectly, but the entire mafic part of the rock has been
converted to oxide. Other units consist of varicolored fragments ranging from
deep r1ed 1o gieen, evidently reflecting differential susceptibility to weather-
ing. Still other units consist of greenish or grayish {ragments in a uniformly
puiplish matrix. The basal subaerially weathered unit is Jess than 100 fect
thick and was found at only this one locality. The color of the beds somewhat
resembles that of the weathered hydrothermally altered rocks (discussed in
a lollowing scction), but the Jatter grade into whitish unweathered rock
within a few [ect of the surface and are mineralogically quite distinct. The
extent of this weathering is completely unlike any recent weathering of any
rock types in these islands and undoubtedly reflects weathering contempora-
ncous with original deposition.

(
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Another occurrence of contemporancuus weathering is poorly exposed
Wintberg Hill, St. Thomas. The pou natmal exposies, which e ol
lightly metamorphosed rock, weie originally thought o he ol hydiothe
mally altered rock. However, 1ccent (1963) excavations toryoad conmstinction
revealed the originally weathesed nature of these oy

Mineralogy of mafic frugments. “Fhe principal minerabs tound in o
[ragments are plagioclase, clinopyronene, chlonite, and prmpelyie, and aho
matrix and opaque minerals.
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reactocLase: Most phenocrysts of the Louisenhoj andesites are labiadaite,
about Ang, (Fig. 10). Near the base of the formation many pyroclistic 1ocks
tontain a distinctly more calcic plagioclase (Angy to about Any). Sume of
these pyroclastic rocks contain both bytownitic and labiadoritic fragments,
but a few contain only bytownitic (or anorthitic) fragments. 1 he leldspars aie
sharply euhedral and slightly zoned. They show abundant simple twinning
and some albite twinning. Groundmass plagioclases and plagiodases in the
matrix of coarse pyrochistic rocks me very fine-grained aml clondy. Many
are distinctly more sodic than the phenocrysts and range in caldinm content
down 10 Any, . In many lupilli tulls, the only feldspar found is albite (Any);
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composition of the morce siliccous dilferentiates. The cxpcmncnl; of Yl:)lc:
and Tilley (1962) show clearly that at water pressures greater than abou
1000 bass, wnaterial of basaltic composition should be converted to 2 mix-
ture of huinblende and plagioclase at subliquidus temperaturcs. ,.\s llllc
temperature rises the material will begin to mclt., with .lhe p‘lzlllg!oc'zs:
being consumed fiust. The frst liquids plodu‘ccd will be highly fe slc'.u.;«
siliccous. ‘The compositional wrend of liquids ploducu! at successively
higher temperatnes has wor bW experimentally determined, bm. a coml-
patison with the analogows pgecedure in anhydrous cascs '(gcn.cul.lon lo.
basalt) suggests that hornblende will Iak? the place of diopside as l'u
dominant mafic phase being consumed during the greater part ql lhs u;c. t
ing. The hydious liquid might, therefore, 'bc more cnriched in Si I.l.m
would comparable liguids coexisting with diopside in the anlnydrosns‘ case.
‘The extent 10 which residual hovnblende might control the compaosition of
the liquids will not be easily cvaluated unu! these homblcm.les can be
collected and analyzed, but this consideration might prove to be pivoual. |
The quantity of keratophyric magnias gcncram! is pcrh‘aps l.hf only
teally scrious objection to the hypothesis o{ gencration ol.llus entire aln)uc
[rom the upper mantle. The quantity of siliccous rocks is u_nknov;n‘,h ut
geological inference (exposed arca of ‘\Va(er .lsland Fom.muo.n. which is
about 80 per cent keratophyre) combined with geophysical m(orm'auo.n
(seismic refraction and gravity) suggest that the \\’am: Island Formauo.n is
a prism about 5 ki thick, extending perhaps 40 km in an east-west dnrkcc-
tivn, but quite possibly thinning to the east, and extending perhaps 20 km
in & notth south dircction. This volume—1000 cu km, or 3200‘ cu km of
keratophyie —is probably a anaximum, because possible lhi.nnmg to the
cast and to the south was ignored in the calenlation. §t hfsmn ol 10 per
cent of the npper mantle might yield a kc.r:nophyric li.qm(l. then 32,000
o km of upper mantle were fused during this igneous cpisode, l! the depth
of fusion was 10 km and the cast-west hotizontal extent of fusion '40 l_m,
then the horicontal dimension of the fused zone in a novth-south (Ilrc.cuou
must have been 80 bin. These figues may be off by an order of lnilgl.lllllllt
or more, but they ecmphasize one pmblcn?: the generation !lcrc of siliceous
magma fiom the upper mantle may require the partial lus-lou o!' more ma-
terial than can directly underlic the vent, unless lhe‘hmon c.\lcmlcd_ to
great depth. The explanation for this seeming p.ar;nlox is as follows: pl:;::llg
the orogenic process compression and llllfktl:llﬂg of hydrated Caribbean
crust and upper mantle carricd this material into the orogen ’lmm a con-
siderable distance perpendicular 1o the axis o! «leprcss'lon.. The orogcrlc
maginatic process then can be compared to a mill to which is lcd' 'l‘ts:-" vy
drated wpper mantle, and from which two products, magma and mafic se-
sidoum, are removed, the first thiough ascent and cruption and the scco‘ud
thiongl gradual displacement downward and eventually la!cmlly: 'llu':
amount of kevatophyie erupeed might have luluuu'l lateral shoriening o
about 80 bin in shis area. The quantity of siliccuus.lgncous [().(k scen here
is far in excess of any that has been recorded in similar orogenic 7oncs, and
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the Virgin Islands may be an extrieme example of a process which has o
curred to a lesser extent in many places at many times. Cleatly our knowl
edge of the composition of upper mantle is 100 anired au this ture 1o assess
this problem furiher.

The writer (Donnelly, 1964) also pointed out drat the generation of 4
sccond, sirengthless phase (aqueous, or hydiated silicate melt) during
orogenic thickening would have profound structural implications. 1he
volume in which this Phase was generated would become essentially
strengthless, and the siructural process would be expected to change from
a rclatively il thickening to a morc violent movement along an exten.
sive shear. The consequences of this movement would be that the island
Platorm would be raised to an cmergent level, and possibly an adjuining
oceanic iench woulkd be foymed. The eflect on he gencration of igneous
melts would be that the rate of depression of muntle material (and 1he
rate of heating) should be increased greatly. After this profound structural
episade, the gencration of magma will be relatively rapid, and the propo.
tion of mafic 1o felsic magma high. The restriction of abundant siliceous
magmas to the carly stages of orogenic evolution is consistent with thi,
idea.

In conclusion, (he following points scem well established: (1) Two types
of chemically uniform magmas were generated throughout the span of
geologic history of these istands. (2) There has been interaction of eruped
magmas with the environment in the case of alkali exchange in extrusive
keratophyres. Other possible exchunges have not been establbhed, excepn
that a few samples of highly metamorphosed keratophyres have been h-
poverished in alkalics. (3) The siliccous agmas vepresent iy (O AL Oy
melts derived by partial fusion in a dominantly sadic envivonment, and most
probably. in an environment with considerable calcivm. The latey behavior
of this presumed calcium remains one of the impottant anomalies This
Parent material, for diverse reasons induding geophysical and chemical e
dence, is considered to be upper mantle. (1) The mafic maginas are chemi
cally similar to so-called high-alumina basalis typical of orogeuic 1eRions
gencially. The high magnesium of the spilites results from its generation
from a material largely depleted in iron by abstraction of keratophyre (5)
The increase in aluminum with time and the higher nonmative Ab/Q ratio
of the later quartz-andesine porphyrics of the second group nuay indicate
generation at increasing depth with time. (6) Crystal settling and assimila.
tion of wall rock were probably of liule importance in the generation o
differentiation of this suire,

SUMMARY OF GEOLOGIC: AND TECTONIC HISTORY
OF THE NORTHERN VIRGIN ISLANDS

The tectonic evolution of the Pactio Rico Vingin Ibands area has )
1eady been discussed by the writer (Donnelly, 1961). I he (ollowing acconnt
stunmarizing the geologic history of the noithern Virgin Llands elucidaces
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these ideas but inttoduces no new concepts. The n.m']c'n. ‘c::,i\\.::tl:;:::
deduced Lagely from gravity C\i(l(’llfc wis not |‘c(‘ugm/u0;|“ﬁ‘ to e hat
paper was prepared; however, its existence requires no m
ileas presented. | _ 3
Tlul.- keratophyies and spiliul's ol he '\v;;il:l|c:;I:,l;(:a(lko:;lﬂ.:?:;;u‘:(:::
xttuded on a relatively flat sea bottom, as indica : : s
(tl:::ilal sediment and paucity of slmtlp structures in mf).:t l‘u;l.l:c‘t‘:l:: l|l:'l(l’ll:
A major cast-west high-angle Foukt inferred llf)lll fln\l ynos.‘ .0' s prob
ably the lucus ol cruption of these maguas as we :l-s|l ot of the laer
wagmas. Movements along llllis :mmg""""l.:“;:f:;:s“.‘;:;, l;, ,|,al,|,|). o
accumulation of the Water 1y and vocks in basin ; sarply e
northein cdge. theie is some c‘\'ldc.uce of shallowing l:.i.m ey level
toward the end of Waiter Islund time in .lhc gr_c;ucr pllo[')ow“" | i cons
keratophyies at the very top of the section. The end of W; ¢ lsland time
was lll.‘llll;)cd by abrupt cun:ugcmc. poul?ly :"w[::;la:I:::gs:.,:.:::]:.,‘:\ et
ult noted previously. "This movement, as we ub morcamanhs
!:o:lg' this l.llllll, was of an opposite sense to l_llc on-[;:::':lls 1:::.\::::;::”““'
notthern side went down. Overlying bas.?l Lonnlsct?:nol R S
subacrially and weathered to 'UIII! a brick-red sond cou::llomcruu o pre
that are foiming at the present time. lnlcrca.!allle .;::,:hm rales of pie
dominantly keratophyric clasts which are especially Ji“cm et soee
of the Louisenhoj show that there was a rather pers N
a1ca of older rocks exposed at this time. S!m_v “!0; e
Louisenhoj time is reflected in fhc.gr.ndunl dmun:ulic o 2aundince o
couglomeratic uaits. the fincr grain size 'ol the p)r;)lc .n: nd!ng PR
rewortked cquinalents, and the inu:ensmgly cxfc |c!.,.g(;m“ et
e llol |l‘nl::::lr;i;r(l;::li¢::‘c::lo:y:;':lld subsidence below
one represents alimost comp cte vo :
::nc lc\-c: of eflective wave erosion of the oldc.r u?ct ur[u::"cwﬂl ilieremial
The beginning of Tutu time was the bcgnmu?g .c; sveen shopes shedding
vertical movement, with newly acated or ?clu.vcn.uu , :“ upe LR
¥ i vater of unknown depth. Emergence o P S o
“-'lei o in he abundance of partially weatheied Louucnh.o] vagme .
rmong sTmc;::‘l|li(lf:I.l‘:ompon¢:m of the Tutn Formation and n\;l llucl ::n(l::.
- i Poi ‘pab |
::‘;:’:;5 'b‘l‘:nks of {ossiliferons limestone of :hci, (,:::,: :,:"::c‘(;l(ﬁ,;" o
ithofaci icf period of ncar-emaigenc n i ONRO €
:':'l:’:;:':: .(\lcnl::l::[r l'r:nc reerystallization of 1his 'umf 'u. tf»o‘f-ltii(cll.n::‘gig;:
. ed any of the diagnaostic petrographic aiteria wl g
h‘n\e p"‘.*:":‘;' something of its environment of (Icpomllon. but its .u:a-.'" "
e ':l‘l"m mly pure calaitic unupmilinu shows thut i g e we
ness and nes ; !
bank deposit of neinly pure slc"lc(;ol I'|L'bl is. o i he ek sngive andeite
el v isin after Tuta time is seen in the :
e Lollik  Formation. Mincialdogically this
D o b ’”3"‘ “ [ he Louisenhoj Formation,
andesite appears 10 be idemtical m.cln.u of the 1. e EO s
m;’:m llulus Lollik Forspation history is alscine in the
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and has been treated jn more detail by Helbsley (1900 thesis) in the Brigish
Viigin Islands A date of Middie 'ocene near the top of the | ool Forng
ton (which includes the Hans Lok Formation, called by Hecbley
mamber, in the Brigish iskands) establishes the
Viigin Islands Group. The Loge baholio, in
the Tortolt Formation iy apparenily cont
lossiliterons Necker For mation.

Horicontal furces of any oricitation o

a
age ob the vppa pat of the
the Buitish ishand, Wtiudes

cmporancous wiuly the o

sense cannot be shown o by
played an imporaant yole any stage duing (he
Neady all ahe stiuctin gl u-l;uiomhips olbserved, s well as (e physical
stratigraphic dunacter of thevock inits, can be mene casily explained on the
basis of diflciential vertical movements, Many faole planes
such movemems occin sed may have continued 1o be the
Placements fiom Creticeons 1o early “Tentiary time
ent.¢

cvolution ot this M.

acrasy whicly
loci of fault iy
»and even 1o the oS

The problem of the gencration of the Hagnas is inextiicably hoked with
that of the sivuctinal evolution of the uic, The generation of all of (he
maginas is considered (o have occinred as a result of the moge or less pa
tisl fusion of hydrated wpper mantle material, identical (o thoy Mesently
loind bencath the Caribbean Sea depths Letween 5 and 15 o 20 Ly
below the sea floor. The Lirge volmne of siliceous heratophyie, and 1o 4
lesser extent, (he volume of kater mafic rocks, sequires the fusion ol upps
mantle over a hoiizontal extent considerably greater than
mensions of the outcropping rock units. If the fusion
hydiated 10 10 15 Ly of vpper mantle, then ihe only adequate explang
tion for the volune of magma erupted is that horiongal movements tny
ported adjacent, unfused mantle into the orogen, where jt was depressed,
heated, partially fused, and then s rehactory yosiduan slowly
downwaid and laterally.

The evolution of this portion of the West Indies is basically the 1Csponse
of juxtaposed, physically contrasting plates of crust and upper mantle 1o
an applied horicontal force, Failme along the join between these
tesulted in thickening and downwmping in the initial stages (Water hland
time), followed Ly compressive failue, the lormation of 4 HEOL 1everse
fault system, and rapid uplift, which foymed an amargent bland pladony
(Louisenhoj time) and, most probably, an adjoining ocenic tendh Fuithey
application of compressive forces caused further thickening and continned
emergence of the island Phitdorm. Thae iy no evidence in (he Viigin
Islands thag submergence of any magnitude ever occuned afier Wate
Lland time. Magma was Benerated by the partial fusion of hydrated uppen
mantle; the Proportion of siliccons and mafic magmas at any time vefleces
the rate of deformation and the vate of temperatuee pise.

The castern Greater Antilles is 4 unigue exhibit of the salicn leatimes

the present di
as himined 1o e

displaced

plates

‘ See funore 2, page MO
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of the cauh’s island arcs. This arca has ncver been blanketed with the
thick tenrigenous sediments which have modified and later guided the
suuctural evolution of mwost orogenic tegions; it represents instcad the
direct interaction of oceanic ciust and orogenic foices. The failure of these
socks 1o have been metamorphosed and their subsequent exlinmation i.n a
ncarly pristine condition are probably the result of a Jucky geological
sccident—ihie development of an extensive sirike-slip fault system south of
the istand platform along which were resolved the bulk of the post-Eocene
deformative forces. Within the island platfoun, the dominant tectonic
forces have been differential vertical movements caused by thidkening
depth. Although none of the structural or petrologic cunclusionf derived
{rom this study can necessarily be applicd to any other Sl)CCl.flC area,
nevertheless certain observations cannot fail to raise scrious questions con-
cerning long standing geological hypotheses which have not been seriously
quustioned in 1ecent years.
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INTRODUCTION

water use ijata (withdrawail
and veturn amounts) has aclwavs
~een the ~ost iirfficult =lement
o uerine In the TIvdreiogic
cvelie, The need to letermilne
the amount or water used rto meet
cublic, commercial and Jdomestic
needs among Sther uses 1s
assential where the available
supplvy is 1inadequate. In St.
Thomas, U.S. Yirgin “slands,
where streamflow occurs mostly
during periods ot intense
rainstorms and ground-water
rescurces are limited (Jordan
and Cosner, 1973), water-use
information is critical.

In 1983,
ical Survey,

the U.S. Geolog-
Water Resources
Division, in cooperation with
the Water Resources Research
Institute of the College of the
Virgin Islands, began a general-
ized inventory of water use in
St. Thomas.

St. Thomas is located about
20 miles east of Puerto Rico
(fig. !). The island's popula-
tion increased from 16,000 in
1960 to more than 47,300 in
1984, paralleled with an in-
crease im water production to
meet th# public water-supply
demand {fig. 2).

The water demands have
increased also in response to
tourism development. Although

the production of water increas-
ed with the installation of a
large-scale seawater desalina-
tion plant by the Covernment cf
the U.S. Virgin 1Islands, the
demand has not been satisfied.

nlv  Sout - r~erczat L the
vater ~roqucead 1Z sccounted Cor,
mestir  wue 10 _osses  from
ileakage ! zhe Zistribution
svstem instaiied in (949 (Priede
sedgwick, IncC., LH7Ey, dther
losses are .ue [0 unauthorized
connections, aulty meters, and
uncontrolled public faucets
(fig. 2).

WATER SOURCES AND USES

The principal sources and
uses of water in St. Thomas are
shown in fig. 4. Seawater,
rainfall collected from residen-
tial roof-top catchments, and
ground water are the main water
sources in the island. Thermo-
electric~-power generation, pub-
lic-water supplv, and domestic
and commercial self-supply are
the principal uses.

Seawater is used indirectly
as the source of condenser-cool-
ing water bv the Virgin Islands
Water and Power Authority (WAPA)
The waste heat from the Island
thermoelectric facility (fig.
Sa) is used by the seawater-de-

calination plant (fig. 5b).
Desalinated water from storage
tanks (fig. 5c) is distributed

to the urban areas in Charlotte
Amalie (fig. 5d), by the Virgin
Islands Public Works Department
(VIPWD). Areas outside the
public-water supply distribution
svstem, such as the Donoe
housing project at New, (fig.
S5e) can be classified as self-
supplied users. These obtain
their water supply rfrom raintall
catchments, wells, or from com-

mercial water haulers (fig. 5f).

U.8. GEOLOGICAL SURVEY
WATER RESOURCES DIVISION




The =main urban  4area  of
Charlotte amalie is also served
by a seawater svstem. This
svstem supplies water Ior fire

Jighting and flushing of toilets
and open drains. Areas outside
the seawater system depend on
"gray water' (wastewater from
other househcld uses) as their
source Of water for flushing
teoilets or irrigation. Where
aquifers vield significant water

to wells (10 gal/min or more)
these are also rtapped as a
source of water, even if saline,
as ‘eed or reverse osmosis
units or for flushing.

Bottled water produced
locally or imporred is an

important drinking water source.
Bottled water costs approximate-
ly $1.25 per gallon. In 1979
importation of bottled water was
estimated at 1,600 gal/d (Peebles,
1979). There are no reliable
figures for current imports.

Public-Water Supply

Production of desalinated
water during the study period
averaged 2.4 million gallons per
day (Mgal/d). Only about 0.9
Mgal/d (38 percent) was accounted
(revenues from sales) by the
VIPWD. About .5 Mgal/d was
unaccounted for as previously
indicated. A recent investiga-
tion showed that leakage in the
distribution system represents
30 to 40 percent of the total
losses (CH2M 'Hill Southeast,
1983).

The prodﬁction of desalina-
ted water for public supply
increased to a peak of about 2.4
Mgal/d in 1975, declining
thereafter to less than 0.6
Mgal/d 1in 1980. Since 1981,
WAPA has 1installed three new
desalination units with a total
rated capacity of 3.1 Mgal/d.
At present only two units are
being operated. Full production
capscity will be required wvhem
the East End Transmission System
becomes operational (fig. 6).
This distribution system was
constructed in 1977 but has not
been utilized.

Water pumped to the
seavater distribution-system
averages 1.0 Mgal/d. Only about

0.35 Mgal/d of this amount {1s
accounted for at the public

sewvage treatment plant serving
Charlotte Amalie. The remainder
may be lost through leaks in the
system.

seawater-distribution

—eroo’

However, -ir:cus storm arains :n
Charlotte smalie ire
continuousiv <lushed to the
ocean bv taps frem Cthe seawater-
distribution svstem. Discharge
from two of these taps were
measured and had an average flow
of 0.08 Mgal/d each. Five of
these taps wouid account for s
of the unaccounted flow..

The cost of potable water

to WAPA :rom the desalination
units is about $9.00 per
thousand :allons (59.00/kgal).

include amortiza-

the desalination

units (Ajayi and Gdmez, 1983).

The actual <costs charged D>y

VIPWD to consumers connected to

the distribution svstem is

§l4/kgal (VIPWD personal communi-
cation, i384).

This dces not
tion costs of

Thermoelectric-Power Generation

Thermcelectric-Power Gene-
ration is the largest single
water use category In St.
Thomas. Total use was about 67
Mgal/d. This was essentially
seawater, except about one
percent freshwater obtained
directly from the desalination
plant for boiler feed.

Domestic Self-Suppilied - Rainfall

About two-thirds of the
population in St. Thomas is not
served by the potable public
wvater supply distribution
system, and thus classified as
domestic self-supplied. Rain-
vater collected from rooftop
catchment systems and stored in
cisterns, and withdrawals from
ground water are the sources for
domestic self-supply. Estimated
vater use for this category wvas
about 0.75 Mgal/d. Of this
amount, 0.60 Mgal/d (80 percent)
was supplied from rainfall.
This 1indicates that rooftop
catchments are a major source of
water for most private homes
especially in the more humid
areas of the island (fig. 7).

Virgin Islands law requires
all dwellings, apartments and
hotels to have a minimum cistern
storage of 10 gallons for each
square foot of roof area fcr one
story buildings, and 15 gallons
for each square foot of roof
area for two or more story
buildings. All other buildings

§T7. THOMAS, -

Culebrs 8t. John
u.s.
Vieques VIRGIN

ISLANOS

HILLION GALLONS PER DAY
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ire requlrec to have cisterns
with a minimum useable capacity
of 4x gallons per sguare foot of
roof area except churches and
warehouses, which are not
required tc conform to this
standard (Jordan and Cosner,
1973}, A comparison of yields
be n rooftop-rainfall catch-
me.  at a high rainfall (Doro-
thea) and at a low rainfall area
(Red Hook), was made using data
from July 1983 to June 1984.
The comparison was made for a
family of four using 25 gallons
per capita per day (25 gpcd)
with a roof area of 1,000 ft

and an initially full cistern
(10,000 gal). The family would
have required the services of a
water hauler only once 1{f they
lived in the Dorothea area, and
twice if they lived im the Red
Hook area. Rainfall could have
supplied about 50 percent of the
total water needs in the Dorothea
area, but only 31 percent at Red
Hook.

The cost of water produced
by household roof-top cistern
systems is estimated at $17 to
$19/kgal (CHZM Hill Southeast,
1983). The wmajor cost 1is
assoclated with comnstruction of
a cistern.

Domestic Self-Suppiled -
Ground Water

Ground water withdrawn for
domestic self-supplied use was
about 0.15 Mgal/d. Ground-water
withdrawals by the Virgin
It 's Housing Authority (VIHA)
wa.__e¢stimated at 0.10 Mgal/d.
An additional 0.05 Mgal/d was
used by other domestic self-
supplied users.

Ground water for domestic
use is available in nearlv all
parts of the island. There are
only a few areas where yields to
wells are large enough to warrant
the development of public
supplies. In their study,
Jordan and Cosner divided the
island into five ground-water
areas according to their poten-~
tial vield and water quality
(fig. 8). The potential vield

Chese areas
excessive depth
seawater {ntrusion,
contamination, and

from seawater

ana waiel Qqua.icy oI
Are limited by
to  water,
waste-water
contamination
mains.

Commercial Selt-Supplied

Condominiums and hotels
used about 2.0 Mgal/d of saline
water. This is used principally
for cooling, flushing toilets,
and swimming pools. Small
desalination plants produce
about 0.1 Mgal/d freshwater.

About 0.2 Mgal/d of the
commercial water-use 1is ground
water. This is used mostly for
flushing toilets. In some
areas, where the ground water 1is
of good quality, the waste water
is used for irrigation of lawns
(Mahogany Run). However, most
of the commercial facilities are
located near the coast and pump
saline-ground water,

Water haulers supplied an
estimated 0.07 Mgal/d of desalin-
ated water from the VIPWD
standpipes to commercial users.
The average price of water
delivered by water haulers {is
$55/kgal (Ajayi and Gomer-Gimez,
1983). An estimated amount of
0.05 Mgal/d was obtained from
rooftop rainfall catchments.

Public Waste-Water Treatment

There are seven public
waste-water treatment facilities
in St. Thomas (fig. 9). The
airport plant, serving Charlotte
Amalie, discharges about 0.5
Mgal/d to the ocean. Instantan-
eocus flow rates measured in June
1984 ranged from 0.16 to 1.4
Mgal/d (fig. 10). Specific
conductance measurements indica-
ted that about 70 percent of the
effluent was seavater.

The other six waste-water
treatment plants serve mwmostly
public-housing projects. These

discharge about 0.20 Mgal/d to
streans and the ocean.
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TABLE 2
PERMEABILITY OF GEOLOGIC MATERIALS®

Approxzimate Range of Assigned
Type of Material Hydraulic Conductivity Value

Clay, compact till, shale; unfractured <10~/ cu/eec 0
metamorphic and ignecus rocks

Silt, loess, silty clays, silty 1073 - 1077 ca/eec 1
loams, clay losms; less permeabls

limestone, dolomites, and sandstons;

moderately permeable till

Pine sand and eilty sand; sandy 10°3 - 1075 ca/sec 2
loams; loamy sands; moderately

pemmeabls limestone, dolomites, and

sandstons (no karst); moderately

fractured igmeouvs and sstemorphic

rocks, some coarse till

Cravel, sand; highly fractured »1073 ca/eec k]
igneous snd metamorphic rocks;

perusable basalt and lawes;

karst limestons and dolomite

*Derived from:

Freese, R.A. and J.A. Cherry, Croundwater, Prentice-Hall, Inc., Wew York, 1979
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UNITED STATES ENVIRONMENTAL PROTECTION AGenNCY

oare: JAN 06 068 REGION Il )

Preliminary Assessment and Confirmation of Authorization of
. JECT: CERCLA Removal Action Monies for the TUTU Well Site, Anna's
Retreat, Saint Thomas, U.S. Vvirgin Islands - ACTION MEMORANDUM

Carlos E. O'Neill Cg, " p
On-Scene Coordinator Xf;~4§“"6%“j

.
Stephen D. Luftig, Director
Emergency and Remedial Response Division

FROM:

TO:

THRU: George H. Zachos, Acting Chief
Response and Prevention Branch

I, EXECUTIVE SUMMARY

— on July 15, 1987, Mr. Allan Smith, Commissioner of the
Department of Planning and Natural Resources (DPNR), U.S.
Vvirgin Islands, verbally requested that the U.S. Environmental
Protection Agency (EPA) provide analytical support in the
sampling of one well which was reported to exhibit a strong
unpleasant odor. This well is a major source of commercially
provided potable water supply for the eastern portion of St.
Thomas. The well is located on the eastern part of the island
in the Tutu Section of Anna's Retreat./ This verbal request
was followed by an additional request for EPA to assume the
role of Lead Agency after sampling results indicated that
several commercial wells were found to be contaminated with

~ hazardous substances, This verbal request was followed by a
formal request in writing by DPNR on August 10, 1987.

In July and August of 1987, EPA confirmed by sampling and
analysis, the contamination of groundwater with volatile
organic compounds. A major contaminant in the groundwater is
tetrachloroethylene (TCE). The EPA 10-Day Health Advisory
Level of 175 ppb was exceeded in three (3) of twenty four (24)
wells sampled, with two of the three contaminated wells being
private residential wells."The concentrations found ranged

—_— from 240 to 7,600 ppb with seven (7) additional wells being
below the EPA 10-Day Health Advisory, but above the U.S. Virgin
Island's interim maximum permissible concentration levels set
on September t, 1987, by DPNR for valatile organics in drinking
water in the Turpentine Run Aquifer (50 ppb for a single com-
pound or 100 ppb for total volatile organic compounds). Three
of the previously mentioned seven wells were residential wells.

REGION 1) FORM 1320-1 (9/88)



This Action Memorandum will document funding authorized for
Phase I of the Tutu Well Site CERCLA Removal Action, Phase I
addresses only residences having contaminated drinking water
wells with volatile organic compounds above levels established
by the U.S.V.I.'s interim maximum permissible concentration
levels for potable water, This action did not include wells
where water is used primarily for commercial, business,
industrial and/or trade purposes. It also did not include
wells contaminated solely by gasoline or gasoline by-products
which are not hazardous substances within the definition of
Section 101(14) of CERCLA. This action includes the decontam-
ination and cleaning of residential cisterns contaminated

by hazardous substances, the modification of plumbing, the
delivery of water by tank trucks as a temporary alternate water
supply, and a well water monitoring program. The total project
ceiling authorized for a S2-week period is $100,000 of which
$40,000 is estimated for mitigation contracting; $45,000 for
TAT'S extramural costs; and $15,000 for EPA's intramural costs.

This memorandum will confirm your prior verbal authorization
of Trust Fund monies, issued to the Chief, Incident Response
and Prevention Section on September 1, 1987, to initiate the
removal action at the subject site, and subsequently revised
to the current project ceiling of $100,000.

II. BACKGROUND

A. Historical Information

A request for EPA analytical support for one well in the Tutu
Section of st. Thomas was made verbally on July 15, 1987 from
DPNR. on July 31, 1987, a verbal request for EPA to assume
the role of Lead Agency was made, and this was followed bv a
written confirmation of the request, dated August 10, 1987
(received by the Emergency and Remedial Resgponse Division on
August 19, 1987). The initial request was based on a report
that one well was reported to have a strong odor, characteris-
tic of a petroleum product. This well is a major source of
commercially provided potable water for.the eastern portion of
the island. VRPA'l preliminary investigation commenced on July
21, 1987, with a field reconnaissance and sampling of this one
well and six additional wells identified in the immediate area,
Several of these wells are also major water suppliers of public
drinking water to the eastern part of the island.



Laboratory results from this survey indicated that the initial
well was highly contaminated with gasoline and chlorinated
organics, and the additional six wells contained elevated
levels of chlorinated volatile organic compounds. BS8ased on
these results, DPNR declared that an imminent health threat
existed, which could affect approximately 20,000 people living
in St. Thomas.

In addition, an indefinite number of tourists who vacation in
St. Thomas were at risk since these commercial wells supply
water to major hotels and restaurants., DPNR issued orders to
close these seven commercial wells to protect public health,.

‘/Subsequent to this action, EPA expanded their sampling plan
due to the threat of greater contamination to drinking water
wells in the area. EPA along with DPNR, identified other
wells within the Tutu Water/Turpentine Run Aquifer which may
be impacted by the hazardous substances identified to be pres-
ent in the groundwater. A second round of groundwater well
sampling took place on August 10 and 11, 1987, which included
a total of twenty-four (24) wells identified in the Tutu
Section of Anna's Retreat, All twenty=four wells were sampled
and analyzed for volatile organic compounds., PFollowing these
regults, DPNR closed the five private wells which service two
three-family homes and one apartment building housing twelve
studio units. '

B, Site Setting/Description

The contaminated wells are located in the Tutu Section of
Anna's Retreat, St. Thomas, U.S. Virgin Islands. The five

(5) private wells recently ordered closed are located in the
Tutu residential area. At the present time, the affected

area is not serviced by any public water supply. EPA sampled
a total of twenty-four (24) wells in the Tutu area and found
five private wells and eight (8) commercial wells seriously
contaminated with up to 7,600 ppb of PCE, (See map attached).

C. OQuantity and Type of Substance Present

EPA sampled and analyzed for suspected volatile organic com-
pounds on July 22 and August 10, 1987. Listed below are the
maximum concentrations of the hazardous substances identified
in the drinking water wells:

TN T,
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Maximum Statutory Source of
Concentration Hazardous Substances
Contaminant Found (ppb) under CERCLA

Tetrachloroethylene 7,600 Clean Water Act
) Section 307(a)

Trichlorocethylene 6l Clean Water Act
Section 307 (a)

Benzene 1,400 Clean Water Act
Section 307(a)

The results of the sampling are contained in Tables I and II.
PCE contamination ranged from non-detectable to seven thousand-
six hundred parts per billion (7,600 ppb). Sampling results
adequately document 3 wells with contamination above EPA's 175
ppb PCE 10-Day Health Advisory Level and eight (8) wells above
the DPNR's interim standards for maximum contaminant levels of
volatile organic compounds in drinking water.

III. THREAT

A. Threat of Public Exposure

Direct contact with PCE may cause eye and nose irritation

along with dry scaly and fissured dermatitis. Acute exposure
through absorption, inhalation or ingestion, may cause central
nervous system depression, hepatic injury and anesthetic death.
PCE has been found to be carcinogenic.

This is a case of actual contamination in excess of the EPA
175 ppb PCE 1l0-Day Health Advisory Level for a three-family
house and one apartment building housing twelve studio units.
In the other three family apartment dwellings, the well con-
tamination exceeded the interim DPNR drinking water standard
of 50 ppb for any single volatile organic constituent. 1In
addition to the exposure via consumption of the water, or
eating food prepared with this water, showering with water
contaminated with volatile organics can contaminate the air to
significantly unhealthy levels.

e E
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The location, direction and dimensions of the plume are af-
fected by variations in water table depth, rate of punping

of the wells, duration and intensity of rainfall, and inter-
mittent releases of chemicals from one or more sources, all
of which are unknown at this time. Given the above variables
which affect contaminant strengths in any well within the
plume may vary randomly.

On September 2, 1987, DPNR issued three (3) orders to close
wells and issued two (2) advisory letters to homeowners not to

use well water for drinking, bathing and washing.

B. Evidence of Extent of Release

Investigation, sampling and analyses by EPA have identified
contaminated groundwater, as described above, and containing
contaminates, as described in Tables I and 1I1I.

C. Previous Actions to Abate Threat

No mitigative action was taken by any Potentially Responsible
Party prior to EPA's recent activities,

De. Current Actions to Abate Threat

EPA has commenced an investigation of the Tutu Water/Turpentine
Run Aquifer by establishing a cooperative agreement with the
U.S. Geologic Survey to define the characteristics of this
aquifer and to determine the extent of contamination. EPA and
DPNR have also completed Aquifer and a monthly well monitoring
program is being developed.

DPNR has issued a total of ten (10) orders/advisories to well
owners to close sixteen (16) wells,

A local dry-cleaner has been identified as using and storing
PCE. Handling, storage and disposal practices from this
facility are unknown at this time. DPNR has proposed to issue
an advisory to local dry cleaning establishments instructing
them to properly store and hold all waste for proper disposal
by an industrial waste hauler. YDPNR with the assistance of EPA
is conducting an assessment of at least nine (9) facilities
identified to be potential sources of hazardous waste and/or
substance releases in the Tutu area.

TUT O ooR OBOY



EPA has cleaned the homeowner's cisterns that have been contam-
inated by hazardous substances from the groundwater, modified
the existing home plumbing to terminate well connections, and
intends to continue to deliver clean water via tank trucks on a
regular basis, and estabhlish a surveillance program for all
wells in the area by a monthly groundwater monitoring program,
This Phase I, short-term removal action will mitigate the threat
to public health by providing a temporary alternate source of
water for affected consumers.

Iv. ENFORCEMENT

The contaminant plume is generally believed by both DPNR and
EPA, to have its source from past and present improper handling
and disposal practices of organic solvents, possibly from dry
cleaners and auto repair shops operating in the area. This site
has been referred to the Site Compliance Branch for enforcement
action, An attorney and enforcement project officer have been
assigned to this case. EPA issued Request for Information
letters to all Potentially Responsible Parties,.

V. PROPOSED PROJECT

A. Objective of the Phase I Removal Action

The primary objective of the Phase I of the removal action is
the mitigation of the threat to public health by providing a
safe potable water supply to the affected residences.

Two three-family homes and one apartment complex housing
twelve studio units were identified as being dependent on
groundwater from their own private wells. Their respective
wells were ordered closed-down by DPNR for exceeding interinm
drinking water standards.

To reach the objective of providing a safe interim drinking
water supply and protect the health of the public at risk, the
following removal action was initiated. Water storage cisterns,
which received contaminated groundwater from affected wells,
were cleaned and sanitized. Cisterns were filled with clean,
safe, drinking water. Water tank trucks from local water haul-
ers will be providing water for the affected cisterns on a reg-
ular basis. Plumbing modification was made to disconnect water
lines from the contaminated wells which provide groundwater to
the cisterns.



An attempt to connect well water directly to toilets for flush-
ing will be made, if physically and economically feasible.

A well surveillance program will be implemented involving all
the wells in the Turpentine Run Aquifer, thru monthly sampling
and monitoring.

The longer term, Phase II objective will require the provision
of a permanent alternate water supply in lieu of the temporary
trucking of water to the threatened consumers within the plume
area. Upon completion of an analysis of the alternatives for
permanent water supply to these residences, a recommendation
will be made for Phase II.

B. Project Estimated Costs

Water consumption per person per day on the average is thirty
(30) gallons. It is estimated that the one apartment building /-
has twelve studio units with the average of two people per unit.
The two other private homes are three-family dwellings with the
average of ten people in each. The cisterns in the three family
houses are small and, therefore, a supply of water must be deliv-
ered every two or three weeks, regspectively. The delivery period
is currently estimated to be one year or when a permanent alter-
nate water supply can be provided, whichever occurs first,

PROJECT COST (PHASE 1I)

Cisterns Clean-Up:

Provide labor, material and equipment

including one vacuum truck, pressure wvater

spray guns, water tank truck, etc., to

drain and dispose contaminated water and

to clean and sanitize identified cisterns....... $13,000

Modification of plumbing including
Labor and Hat.rial'oococc.oconao'oo-o.ooo.oo..oo s 5,035

Refill cisterns with clean and safe drinking

water..........I.......................'........ s 2’665

Provide cisterns with clean and safe drinking
water on regqgular basis according to a pre-
approved schedule. cccecvccvcsccsvsoscssoensosccscsscn $15,000

Contingency (10‘)!.....'.....I.....O............ s "300

Total Mitigation COBtecesscosenscsnccsos 340,000



Extramural TAT Cost

TAT Monitoring and sampling program
(Including travel and per diem).cseceecssesacasses $35,000

TAT Technical and administrative
support (including travel and per diem)..scco.ees $10,000

Total TAT Cost $45,000

Intramural EPA Cost

(Including travel and per diem).ecescssecssceceeees’l5, 000
ESTIMATED TOTAL PROJECT COSTeeessssses$100,000

This figure represents the estimated total for Phase I, It
could be reduced significantly, if a reliable and permanent
alternate water supply is found sooner than the proposed
S2-weeks delivery period; might be increased, depending upon
the identification of new drinking water wells found to be
contaminated with hazardous substances within the affected
area,

C. Project Schedule

Project initiation of cistern clean-up and safe water de-
livery has already been implemented based on verbal funding
authorization. Safe water delivery period is currently
estimated not to exceed one year or when a permanent alternate
water supply can be provided, whichever occurs first.

Ve RECOMMENDATIONS

Conditions at the Tutu Well Site meet the requirements of
Section 300.65 of the National Contingency Plan (NCP) for a
CERCLA/SARA removal action. EPA has determined that there is
a threat to public health at the site (Section 300.65(b)(1).
This determination was based on:

1) Human exposure to unacceptably high levels of acutely
toxic substances (Section 300.65(b)(2)(i), and

2) Comtamination of drinking water supply (Section 300.65
(b)(2)(i1).



The resident population at risk currently relies on private
“"well water as their source of potable water.

This removal action complies with Section 104(b)(2) of CERCLA,
as amended by SARA, in that it is consistent with the efficient
performance of long-term remedial measures, by providing an
interim supply of potable water to the public until a permanent
water supply can be secured.

This is a written confirmation of the initial and revised verbal
approval of up to $100,000 for the total project ceiling estabh-
lished on September 1, 1987, by the Director of the Emergency
and Remedial Response Division to the 0SC for the CERCLA removal
action at the Tutu Well Site, The mitigation contracting ceil-
ing is estimated at $40,000, with an additional $45,000 for TAT
costs, and $15,000 for EPA costs,

Your authority to authorize these funds is pursuant to Deputy
Administrator Alvin Alm's memorandum of Delegation Number 14-1A
dated April 15, 1984, and Richard Dewling's Redelegation Order
R-11-1200.6 of August 29, 1984,
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SAMPLE SAMPLE
LOCATION WUXBER

Ssasassy —‘sbhsasw

HARTHMAN CRUSH 97-473
HARTHNAN BAKEIRY 87-474
4 VINDS WELLEY §7-473
4 VINDS WELLS1 87-47¢

qILLe? 87-477
VIHA 87-47s
SGLIN 87479
TILLET 87-480

FIZLD BLANK 87481

r

PHOTOVAC SAMPLING RESULTS
SUTV wELL s1tTe
8T. THOMAS, U.S. vIRCIN ISLANDS

DATE DATE
SAWPLED ANALYZED S0URCE

07/22/97 07/30/987 1y
07/22/87 07/30/87 1
07/22/87 07/30/87 ¥
07/23/87 07/30/87 cy
07/22/87 07/30/87 Cy
02/32/87 07/30/87 1%
07/22/87 07/30/07 cv
07/22/87 07730797 C¥
02733/87 07730787 ma

[ 4

TABLE I
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7 10
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19 ¢
8 20
s 3

3
3
4
1
0
¢
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711 204
0
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OCE Geus
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[ ]
Ovoo
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',.
3
.1
.1,
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WELL SAMPLING RESUL?S
TV WELL SITE
87. THOMAS, U.S. VIRGIN ISLANDS

SANPLE DATE DATE
BUMBEZR SANPLED ANALYZED SOURCE BEN 7CT PCT 0L DCE GCHS

4 UIN0S 01 0014  08/10/87 08/13/87 C¥ 3 u n 1 213 .9
EGLIN WELL 01 002N  08/10/87 08/13/87 C¥ 6 11 ¥ o 63.%.
ECLIN WELL €2 0034  08/10/97 08/13/87 C¥ 0 13 4 o 7.1
EGLIN WELL 63 004A  08/10/97 08/13/87 C¥ 0 16 87 0 66 .2,
HARTHMAN BAKERY 00SA  08/10/87 08/33/87 1V 0 0 3 0 1.9
HARTHKAN CRUSH 006A  08/10/87 08/13/07 1V 0 3 % 0o 12.t.
HARTHNAN ESTATE 0074  08/10/87 08/13/87 8 ¢ ¢ i1 0 0.7
RODRIGUEZ AUTO GOSA  08/10/87 08/13/87 1v o ¢ 1 0 0.7,
BRYAN 0094  08/10/87 08/13/87 OW ¢ 0 o0 o 0.1
ALPHA,LEQNARD 030A  08/10/87 08/13/87 ¥ o 0 1 0 0.9
SHITH,LUCIZA  011A  068/10/87 08/13/87 W 0 17 120 1 8.2
ogvCou 03 0124  08/10/87 08/13/87 O 6 o0 o o 0.1
DXVCON ¢1 0134  08/10/87 00/13/87 O 6o o0 ¢ o 0.2
pEot 014A  08/10/87 08/13/07 WA o ¢ o6 o0 o.1.
DENITRI 0204  08/10/87 08/13/07 C¥ 6 o 2 o 0.9
- VIHA URLL 63  031A  08/10/87 08/13/87 10 o ¢ o0 o 1?7.%
VIHA WELL 61  022A  08/10/87 08/33/07 IV ¢ 3 10 1 12.%
WNSEY 030A  08/10/87 08/13/87 TN o ¢ 7 o 1.7,
_-1E8L 031A  08/10/97 08/13/07 W 0O 2 220 o 61.2.
HARVEY 0334  00/10/87 08/13/87 N 0 61 7600 1 86.7.
HATHIAS 0334  08/10/87 08/13/87 o 4 ¢ 1 9.7,
PRANCOLS 0344  08/10/87 08/13/87 M8 -0 30 120 0 140 .97,
DRNCH 0384  08/10/87 00/13/87T N ¢ & 8 o 0.2
TILLEY 036A  08/10/87 08/13/87CH . 1300 O 340 8¢ 870 .T.
TILLET DUP 0374  08/10/87 08/13/87 OO 1400 - 36 120 33 €20 .2,
FIBLD BLANK ° 04CA  08/10/87 08/13/87 WA ¢ o ¢ o 0.1

TABLE 11
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U. S. Geological Survey Caribbean District
Water Resources Division Open - File Report

A SURVEY OF THE WATER RESOURCES OF
ST. THOMAS, VIRGIN ISLANDS

&
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UNITED STATES DEPARTMENT OF THE INTERIOR
IN COOPE RATION WITH THE

GOVERNMENT OF THE VIRGIN ISLANDS OF THE UNITED STATES



ABSTRACT

St. Thomas, with an area of 32 square miles, is the second
largest of the Virgin Islands of the United States. The island is |
mountainous, and slopes commonly exceed 35 degrees along a
central ridge 800 to 1,200 feet high running the length of the
island. The general appearance is a panorama of numerous steep
interstream spurs and rounded peaks.

The island is made up of rocks of Cretaceous age, mostly
volcanic flows and breccias. A thin limestone and tuffaceous
wacke complete the sequence of major rock types. All the rocks
have been tilted and dip about 50 degrees north.

Water in Charlotte Amalie, the capital, is supplied by
sea-water desalting and water barged from Puerto Rico and is
augmented by hillside rain catchments and individual roof catch-
ments. Rainwater augmented by water hauling and a few wells
is the source of water for the rural areas.

Streamflow is meager--2 to 8 percent of the annual rainfall--
and is predominantly storm runoff. Runoff after rainstorms seldom
exceeds S percent of the rainfall. Runoff is rapid, however, and
flash floods occasionally occur.

Test drilling has shown that water can be obtained from
fractured volcanic rocks in nearly all parts of the island. Wells
will yield, generally, less than 1,000 gpd (gallons per day). In
the upper Turpentine Run Valley and the Lovenlund Valley, short-
term yields of individual wells are as great as 100 gallons per minute.
Estimates of potential yield from these areas are 300,000 and
100,000 gpd, respectively. Two smaller areas--Long Bay and
Lindberg Bay on the outskirts of Charlotte Amalie have estimated
ground-water yields of 70,000 and 30,000 gpd, respectively. Fully
developed, the surface- and ground-water resources of the island
could yield*t.3 million gallons of water per day.

Ground water is slightly saline, commonly containing more
than 1,000 milligrams per liter dissolved solids. The principal
source of the minerals is bulk fallout of sea- and land-derived |
dust from the atmosphere. Solution of minerals from the rocks of
the aquifers is the second largest contributor. Nitrate and some
of the bicarbonate content of the water is probably derived from
vegetation and animal and human wastes.

Surface water is similar in mineral content to ground water
during base flow.
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A SURVEY CF THE WATER RESOURCES OF

ST. THOMAS,

by D. G. Jordan and O. ]. Cosner

LOCATION AND GENERAL SETTING

Location

The Virgin Islands, forming part of the Antilles
Island Arch separating the Canbbean Sea from the
Atlantic Ocean, are about 1,400 miles southeast
of New York and almost 1,000 miles east southeast

VIRGIN

(tig.

ISLANDS

1).

St. Thomas is the second largest of the more
than S0 islands and cays constituting the Virgin

Islands of the United States.

The 1sland 1s

approximately 14 miles long and 2 to 3 miles

wide and has an area of 32 square miles.

Lying

within a few miles of the coast are nearly 40
smaller islands, ranging in area from slightly

of Miami. St. Thomas, the northwesternmost less than a square mile to a few hundred square
island, lies about 50 miles east of Puerto Rico feet.
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Figure 1.--Location of the Virgin Islands of the United States.
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Population

St. Thomas has about 17,000 permanent resi-
dents and a transient population of tounst and im-
ported laborers of about 8,000. The majority of
the population 1s urban--about 20,000 people live
:n Charlotte Amalie, the only city and also the
seat of government of the Virgin Islands. The
cermanent population 15 increasing rapidly and is
expected to double by 1980 (unpublished data,
7.1. Planning Board, 1964).

To raph

The land surface i1s almost entirely sloping and
extends seaward from a central ridge, 800 to 1,200
feet high, running the length of the island. The
slopes, which commonly exceed 35S degrees, are
dissected by numerous stream courses of steep
jradient. The general appearance i1s a panorama
of steep interstream spurs and rounded peaks.
Flat land 1s confined to the Charlotte Amalie area
and a few small alluvial-filled embayments. The
only variation i1n the general topography is in the
upper valley of Turpentine Run in eastern St.
Thomas. The valley has relatively gentle
topography consisting of rolling hills 1n a basin
surrounded by steep slopes and sharp ridges.

Land Cover and Use

At one time almost all the land, including that
characterized by steep slopes, was under cultiva-
tion, primanly for grazing or growing sugarcane or
cotton. Agriculture, however, has declined
almost to extinction. A few square miles of land
are still devoted to grazing in the eastern part of
the island, and about 10 acres are used for truck
gardening in the north central part. The remainder
has been allowed to revert to brush and secondary
forest.

Now, land use is changing rapidly, much of it
brought on by the jet age and its rapid mass trans-
portation. [ncreasing population, in part caused
by development of the island as s retirement haven
and by tourism, results in more land being used
for urban and suburban development. The increase
in population not only makes new demands upon
the water supply, but also the changes in land use
could very well affect the available quantity and
quality of the water resources.

Climate

The average annual rainfall is about 45 inches
and the average temperature 1s only 80°F, but the
prevailing impression of the climate 1s one of
dryness, especially in the winter. This is espe-
cially true of the east end of the 1sland, where,
because of orographic effects, rainfall is only
about 80 percent of that elsewhere.

Rain 1s seasonal, nearly half falling between
August and November. February and March are
the driest months and September and October the
wettest. Most of the rain occurs as short,
intense showers lasting but a few minutes. Rains
exceeding 1 inch, with accompanying overcast,
cloudy skies, come but six or seven times a year.
Thus, there are few days when the sun does not
shine.

Although major rains are rare, their volume 1s
noteworthy. The greatest rainfall of record was
18.0 inches September 13-14, 1928, during a
hurricane. The last great rain in recent years
was 10.6 inches May 8, 1960, the result of a
stationary tropical depression.

The island lies in the path of hurricanes and
occasionally receives heavy rains and high winds
from passing storms. The incidence of direct hits
is low--damaging storms having a frequency of
about one every 33 years. The last hurricane to
cause extensive damage was in September 1928.

The direct rays of the sun are very hot, but air
temperature is modified by the almost constant
trade wind. Air temperature (table 1) ranges from
a mean low of 72.0°F in February to a mean high
of 87 .8°F in August. The highest daily temper-
ature of record was 95°F and the low, 63°F.

The prevailing wind direction is from the east.
Northeast and southeast winds are relatively
common, but west winds are rare. Monthly
average wind velocity during 1953-58 at Harry S.
Truman Airport is given 1n table 1. A wind rose
for the same period is shown in figure 2.

Relative humidity is high owing to the proximity
of the sea. At Harry S. Truman Airport during
1953-58 relative humidity was highest, averaging
81 percent,in the early morning hours, and lowest,
averaging 66 percent, in the early afternoon.
Average daily humidity is given in table 1.
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Pleistocene (?)
ond Holocene

EXPLANATION

ALLUVIUM - Silt, clay, and thin, discontinuous beds of sand and gravel
Includes beach sond. Estimoted moximum thickness 50 f1.

TUTU FORMATION - Tuffaceous conglomeratic mixture derived from older
rocks. Contains some himestone, especiolly near the fop. Maximum thickness
greater than 6,000 ft.

OUTER BRASS LIMESTONE - Thin-bedded siliceous limestone and a few
thin beds of tuff Estimated maximum thickness 600 ft.

LOUISENHOJ FORMATION -Water-laid tuff, breccia, and o few thin beds
of himestone. Maximum thickness known 13,000 ft.

WATER ISLAND FORMATION -Lava flows, flow breccio, and water -laid
tuff intruded by dikes and plugs Maximum thickness greater than 15,000 ft

Contact

Inferred fault, dotted where concealed

Figure 3.--Geology of St. Thomas.




Geolegy

The general geology of St, Thomas (fig. 3} has
seen studied for many years, but only recently
~ave the geologic formations been named and
descrnibed :n deta:l (Donnelly, 1360, 1966). The
~ames of geologic formations used in this report
are after Donnelly, The names have not been
adopted by the U.S. Geological Survey,

The volcanic and sedimentary rocks of St.
Thomas are of Cretaceous (and older?) age. The
oldest rocks, those of the Water Island Formation
of Donnelly (1960) are predominantly lava flows
and flow breccias deposited at great depth on the
sea floor. Uplift and subareal erosion followed
deposition.

The Louisenhoj Formation overlying the Water
Island Formation was extruded from a volcanic
center probably sited in what 1s now Pillsbury
Sound between St. Thomas and St. John. Near the
presumed location of the volcanic orifice the rocks
are mostly very coarse reworked cone debns.
Farther from the orifice, coarse material lessens
and tuffs predominate. Near the base of the
Louisenho) Formation 1s a conglomerate composed
chiefly of rock from the Water Isiand Formation.

The Quter Brass Limestone was deposited on the
flanks of the Louisenhoj volcanic cone during a
period of volcanic quiescence. It consists of 200
to 600 feet of thin-bedded graphitic silicified
radiolarian limestone and a small amount of
included tuffaceous matenal.

The Tutu Formation, the youngest rock exposed
on St, Thomas proper,is composed almost entirely
of angular debns denved from the Louisenhoj
Formation and minor limestone debris from thin
limestone deposited contemporaneousiy with the
Tutu Formation.

The rocks were subsequently tilted to form a
northward-dipping homocline. Dips range from 15
to 90 degrees and average about 50 degrees,
Locally the formations are overturned.

The permeable zones that these rocks once may
have had after deposition have been destroyed by
metamorphism or by deposition of minerals i1n pore
spaces, Ground-water movement is now limited
to openings along joints and fault zones. The
homoclinal structure is cut by sets of faults trend-
ing N 45°W, N 55°E and north. Three well-
defined joint sets parallel each of the major fault

directions. The valleys of the 1sland have
similar wends and are apparently the result of
selective erosion of rock weakened by faulting
and jointing., Prime zones of ground-water
availability, therefore, follow the valleys.

Small alluvial deposits ranging from
Pleistocene (?) to Holocene i1n age lie 1n the
valley of Turpentine Run in east-central St.
Thomas and the larger coastal embayments.

The alluvium of Turpentine Run lies 1n a narrow
nand seldom more than 200 feet in width along the
stream. Maximum thickness of the aliuvium is
about 40 feet. Most of this alluvium, which 1s
composed of silt, fine sand, and clay and contains
discontinuous beds of sand and gravel 2 to 3 feet
thick, lies 1n the Mt. Zion-Tutu area of the upper
basin and in the narrow vailey from Mariendal to
Mangrove Lagoon in the lower basin., The
alluvium extends out under the lagoon near the
mouth of Turpentine Run. Although composed pre-
dominately of fine-grained material, the alluvium
readily infiltrates streamflow when the ground-
water level 1s below the base of the stream. As
such, the alluvium forms a readily rechargeable
aquifer, although it is of small extent and yield.

Some coastal embayments headed by intermit-
tant streams contain small deposits of alluvium
similar to that of Turpentine Run. Maximum
thickness of these deposits 1s estimated to be 50
feet, and their areal extent seldom 1s greater than
a few acres (an exception being the Long Bay and
Airport areas near Charlotte Amalie). Near the
sea, the alluvium interfingers with calcareous
sand and at times contains lenses of mangrove-
swamp deposits. Therefore, the deposits are of
minor significance as sources of water,

OCCURRENCE AND MOVEMENT OF WATER

Water moves through a cyclic pattern--the
hydrologic cycle--in which there are three storage
areas : the sea, the land, and the atmosphere.
On the land, surface water and ground water
depend on: (1) the amount, intensity, and areal
extent of the rainstorms: (2) the slope of the
land: (3) the moisture content of the soil and
vegetal cover; (4) the infiltration capacity of
the soil and underlying rocks; and (5) the size,




qumber, and interconnection °f openings in tne
aquifer.

Raintail

Fa1n 18 the =nly natural source of fresn water
-0 replenisn the water resources ot the :sland.

RQainfall s seasonal, + :th the rainy season :n
‘ate summer and early tfall and 3 secondary wet
season usually in May. Ilearily nalf the rain falls
iuring August-Novemper { 13. 4. Ralns exceed-
.ag 1 :nch in 24 hours come six cr seven times a
vear. Four to 15 inches of rain falls in a 48-nhour
ceriod about once every 2 years in large storms,
These rains can occur 1n any month but are more
Likely during the nurricane season ( August-
Movember). About half the time annual rainfall 1s
between 40 and 50 1nches (fig. 3). La2ss than 10
cercent of the time annual rainfail is less than 35
:nches, 'wvhich usually means a major deficiency
during the normal wet season and drought.

The cumulative departure from average and the
10-year running average of rainfall shown 1n figure
6 shows that at this time of writing (1967 ) the
island may be entering a period of deficient rain-
fall. With the exception of a few years in the late
1940's and early 1950's, rainfall in the past 30
years has been below average. There has been a
long-term decline of about 10 inches in annual
rainfall since the peak of the surplus rainfall
period 1n the early 1930's. The most severe
droughts of record occurred in 1964 and 1967,
when but 27 and 24 inches of rain fell, respec-
tively.

~real distribution of long-term rainfall, shown
in figure 7 ( see letter "a "), 1s controlled by topo-
graphy and the prevailing easterly to northeasterly
winds. However, 1ndividual storms may or may
not show the effects ~f orographic control or pre-
vailing winds and the areal distribution of the
storms can be very irreqular (fig. 7--letters "b"
to “f").

Soil Moisture

The soil zone over most of St. Thomas 15 not
more than 1 foot thick. Where of sufficient thick-
ness 1t has, however, the unique property of
absorbing large volumes of water--as much as 12
inches 1n 24 hours (R. Scott, SCS, oral commun.,

1363). Ixaminauion i the soil zone wnen ar/
shows 1t 12 pe coarsely granuidr. >wing 1o clume-
:ng of clay ana silt carucles. Frolengea satura-
tion 1S necessary oelore the Jranules oreak down.
AS g result, the =21l has a ni3n permeaosility sntl
well saturated, cut, cnce saturated, .t cecomes
coorly rermeanle and retains 'vater .n tne core
spaces petween carticies and rejects any excess.

. DServatlicns Juring rainstorms 1ndicate tnat
the typical soil zone will apsorb apout 2 .ncnes
of water pefore some water .s rejectea or moves
to tne underlying oedrock. [ully saturatea. :re
soll will propaply retain 3 .nches ¢t water per :cot

of depth.

The capacity of the soil to hold large volumes
of water, together with infrequent major rainstorms
and a high evapotranspiration rate, seriously
reduces grouna-water recharge and storm runoir.

Evapotranspiration

Most of the water trapped 1n the soil zone
returns to the atmosphere by evaporation or tran-
spiration by plants {evapotranspiration}. Cn St.
Thomas this process 1s active throughout the year,
and 90 to 95 percent of the rainfall 1s returned to
the atmosphere. The tendecy of the soil to granu-
late 1s also conducive to evaporation. s water
1s evaporated from the surface cf a saturated tight
soil, the soi1l again becomes granular and exposes
the soil at depth to the circulation of air. Con-
sequently, further rapid evaporation of soil
moisture results.

Transpiration 1s @ major means of water loss
from the soll zone and also from the upper part of
the aquifer, if the water table 1s near the land
surface., Grasses and shallow-rooted plants can
transpire water only from the upper few feet of the
soil zone, but many kinds of trees, such as deep-
rooted false tamarind, transpire water from depths
of more than 20 feet.

The effects of evapotranspiration may be seen
in the channel of Bonne Resolution Gut below the
gaqing station. The gut flows i1n a predominantly
bedrock channel a few feet wide for about 1,500
feet before reaching the alluviated embayment at
Dorothea Bay. Base flow of the stream, when less
than 10,000 gpd (gallons per day), disappears in
this reach. The loss 1s attributed principally to
transpiration by the dense growth of brush and
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(d) May 9-13, 1963

(b) March 25-26, 1963
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(f) December 10-13, 1965

Figure 7.--lsohyetals in inches of the long-term distribution of rainfall (a)
and of individual ralnstorms (b-f) on St. Thomas.




rrees opordering tne stream. [:om tre sppearance
=f the vegetation 1n a dry period, saly :ne vegeta-
t.on in a strip about 100 feet wide witn a :ota] area
>f about 3 acres benefits from tne stream.
mimmum water loss of 10,000 gpd, 2.6 million
zallons annuallv, would indicate an avapotranspi-

ration rate of 1.2 million jatlons cer acre zer year,
>r 44 incnes.
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Sowden 11968) computed mcntnly cotential
evaporauon and soil-molsture deficiency at six
stations on St. Uroix using the method cevised by
Z. W.Thornthwaite. Potentual evaporation ranged
from 58 to 69 inches and averaged 62 incnes per
/ear. Actual evapotranspiration (denved from
potential evapotranspiraticn and change 1n soil
molisture) ranged from 41 to 46 1nches and averaged
43 inches per year. Bowden's cdata shows a soil-
moisture deficiency 9 to 11 months of the year at
the different stations. Surplus soil moisture
accurred only 1n the months of Septemper to
November. The authors believe that conditions
are similar in St, Thomas.

Streamflow

The 5 to 10 percent of rainfall not returned to
the atmosphere by evapotranspiration from the soil
zone either recharges the ground-water reservoir
or runs off to the sea. Annual runoff in a tume of
average rainfall ranges from about 2 to 8 percent
of the rainfall.

Most stream channels on St. Thomas are dry and
carry only storm runoff. Only two streams on the
island have perennial reaches. I[n these reaches,
about one-half to three-fourths of the flow 1s storm
runoff, and the remainder is base flow (ground-
water outflow to the streams).

From 0.5 to 2 inches of water annually reaches
the sea as storm runoff. The amount of storm run-
off varies from basin to basin, depending upon
topography, soil moisture, exposure, and vegeta-
tion. Base flow of the streams with perennial
reaches, while often equal in volume to storm run-
off, seldom reaches the sea. The flow usually
infiltrates i1nto alluvial deposits in the lower
reaches of the streams.

Ground Water

From 0.5 incn to as much as S inches of the
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rainfall annually :nfiltrates tne so:l and rocks

to reacn the ground-water reservolr. ater :a
the ground-water reservolr or aguiler moves Gy
sravity toward the sea. '\here the water tavnle
1s intercepted by the land suriace, water :s dis-
snarged as a spring or 3s tase tlow to 3 stream.
Vhere it .5 near the lana surftace. :ucn 3s along
stream caannels and :n ccastal empavments,
large velumes of water are transpirea by claats
wnose roots tap the ground-water reservoir. [he
transpiration by plants directly rem ne water
table 15 so great that only minute quantities of
jround water ever reach the sea. 2iiner 3s stream-
{low or as seepage directly tnrcugn tne soil and
rocks.

Tresh- Salt-Water [nter:tace

{resh water n the aqu:iiers 2lonc tne C2ast !s
.n contact with salt water in & dvnam:c v/s5tem.
So long as water levels gragce seawara, {resh
water will discharge to the sea at the snore.
During times of ground-water recharge, the tresh-
water lens thickens, displacing the underly:ing,
heavier, salt water downward and seaward. Dur-
1ng times of no recharge, the fresh-water lens
thins, as ground water discharges to sea., Salt
water, which moves i1nto the normally fresh zcne
-f water during times of no recharge, is not
entirely flushed out by fresh water when recharge
occurs. Some remains behind, where it mixes
with influxing fresh water. The interface zone of
brackish water 1s thick where fluctuations in the
s1ze of the fresh-water lens are large.

In some coastal areas, where the fresh-water
lens 1s thin because of lack of rainfall or unfavor-
able topographic or geologic factors, the under-
lying interface zone may extend i1nland several
hundred feet at depths of but a few feet below
the water table.

The balance between salt water and fresh w~ater
in coastal aquifers is delicate and can easily be
disrupted by man's quest for water, >alt-water
encroachment can readily result by removing more
water from the fresh-water lens than is being
replaced by recharge or by pumping a well at an
excessive rate, 1n which case the fresh-water
nead 1s lowered, and movement of salt water
upward or horizontally into the fresh-water zone
1s 1nduced.




Tresn water has always ceen :n critical sucpply
.n St. Thomas. Rain collected on roofs and sicred
in cisterns 1s still the source af water icr mcst
rural 3na urzan dcomestic supches, Zefore 13560
nillside rain catchments anc 3 Jew dug wells were
tne major source cf water Izr zudlic sucelies,
3ince then, Zesaiteq water nas ceccme tne major
source of water for public suppites, 3nd water
cargea from Puerto Ricc .5 3 Cicse seconc.

Charlotte -malie

harlotte Amalie nas a 3ual cublic water system.
‘resh water 1s used for drinking ard general nouse-
nold needs, and salt water .5 used for sanitary and
{ire-control purposes. The fresh-water sucply,
sptained from salt-water distillation piants, nill-
side raln catchments, and a well, :s supplemented
by water barged from Puerto Rico. Potable water
use and the sources of the water i1n figure 8 not
only show the increasing demand for water but also
the shift in sources of the water. In the late
1350's, with the exception of 1957, a drought
year, catchments were the major source of water.
Barged water became the major source of supplv In
the early 1960's, but by the late 1960's, desaited
water became the principal source of supply.

Nearly all buildinas, both prnivate and public,
in Charlotte Amalie have roof catchments and
cisterns. In 1926, before the establishment of a
public water system, about 200 private and 17
public dug wells were 1n use 1n the urban area.
Since then most of the wells have been abandoned
because of sewage and salt-water contaminotion.
Some of the salty water was drawn into the wells
from the sea as a result of overpumping, and some
of 1t entered the wells from leaky salt-water pipes.
A few of the wells are sull pumped occasionally
for nondrinking domestic supplies and for construc-
tion purposes. [nrecent years, wells have peen
dug 1n eastern Charjotte Amalie for a supplemental
wrater supply for the two public-housing projects.
Several other wells have been dug 1n the same
seneral area for water for nondrinking domestic
use,

Since 1926, 186 public hillside rain catchments

have been constructed. f these, 14 are con-
nected to the urban water-distribution system,
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ater :s Rauied ‘rom the remaining four catcn-
Tents 27 incividual users or by water haulers.

The tctal area of the public catchments is esti-
Tated to 2e 24 acres, and the storage :s esumated
t0 pe 1+ m:illion jallons. Rehabhle figures are not
available 2n tne amount cof ‘water used from any of
the catcnments, sut total yield i1s estimated to be
30,000 3pd.  ~ addition to the public catchments,
four crivateiy cwned catchments are in -=e urban
area.

A gallery well at tne airgort was an :moortant
source cr water :n the 1950's. [t recortealy
vielded 12,000 gpd. Sn attempt to increase pro-
cduction resulted i1n sait-water encroachment,
ruining the well as a source of potable water.

in 1962 the first desalting plant, with a capa-
ity of 230,000 gpd. was put 1nto production. [a
1966 a plant of 1 miilion gpd was put 1nto proguc-
tion, and, by 1967, the start was made ona 2.5
million gpd desalting plant.

The demand for water has increased six-fold
since 1960 and shows little indication of leveling
off. In 1962 and again in 1966, when desalting
plants were put on line, water demand increased
almost overnight to absorb the increase i1n produc-
tion. Water barging, considered a stopgap
measure, has had to be continued to meet the
demand.

The desalting plants reportedly will produce
water at an average cost of about 51.00 per 1,000
gallons when operating at maximum efficiency.

The cost of barged water from Puerto Rico depends
upon equipment used, but in 1967 averaged about
33.50 per 1,000 gallons. Water 1s sold to the
consumer at a cost of 50 cents per ton, about 52,00
cer 1,000 aall~rns, The difference between pro-
juction cost and delivery cost 1s absorbed by the
irgin [slands Government,

Rural St. Thomas

Rooftop catchments and cistermns are still the
- 3jor source of water for rural St. Thomas. Dur-
.ag prolonged dry periods, rain water 1s supple-
~anted by water hauled from public-supply points
.n Charlotte Amalie. Small ponds have peen con-
structed, tapping storm runoff for irrigation water
‘5r truck gardeming and drinking water for stock.
5ince 1962 several private wells have been drilled




Ttsersatlons (ncicate that wind velscity ana
r=of conf:guraticn are major factors in the
sf rainfail rom residenual structures. =:3n wind
w711l olow rain oiff a pitched roof orented carallel
0 tne wina, wnereas a raln shadow Ih tropertion
to the degree of roof pitch will occur on the lee
s:de 2! a roof oriented perpendicular to tne wind.

& '-snaped roof will be affected :n the same

“er, :itnouGr probably to a3 lesser degree. The
2:licient s probably a flat roof with 3 iow Lip
unc tne =age., Vater cannot blow cif tme rzoi.
.5 & rain snacow created, and the lic converts
CCt into 3 temporary storage container during
Raintall recovery oan flat
r>cfs .s probaply jreater than that measured from
*ne nillside catchments, wnereas recovery 5n pitch
Tsofs is crobably 10 to 20 percent less, zepending
In crientation and steepness cf ciich.

recgvery

e

figure 25 shows an estimate of the annuali ccsts
>f collecting rainwater and of cistern storage ‘for
3 small home., Cistemn cost, amocrtized cver a 20-
year period at 3 percent per year finterest costs
notincluced), .s estimated to range frem 13.90
cer cuoic foot for 10 percent storage to :2.50 per

2stmatec ¢ pe [l cercent :i :m anrua, r2imragl

te-

RN

<) incres over 1,240 sSguare 29t r rocs,
Icvery uncer tnese Conditions would vieq 48 sed.
t '~as 3ssumed that water lcss cue t2 insyiicient
3torage would ce mace up ov waler turcnasea ‘rom
water naulers at costs of 10, 20, <r 30 dollars per
1,000 galions. The figure snows that, using
these criteria, the optimum c:stern storage wouid
oe about 20 percent of expected annual recovery,
>r apout 3.5 gallons per square foot of catchment.
~verage yield from rainfall alone would be anout
<0 5pd. Annual water cest would range from 313g
*0 3136 annually, cr 37,45 per 1,000 gallons two
311,20 per 1,000 gallons. Znnual cost of 1on
cercent cistern storage would be 3234 or 316.80
cer 1,200 gallons.

Ground W ater

Ground water 1s available in nearly all parts
of the 1sland 1n sufficient quantity to be of impor-
tance to the water supply. 'n general, yields cf
wells are sufficient only for 1ndividual domestic

Tublc oot for 100 percent storage of the total supplies, There are, however, 3 few areas
annual recovered rainfall., Rainfall recovery was where yields to wells are large enough to warrant
| | ‘ o
400 - - e —
| !
4 .
= Supplement water ‘/Storaqe 5 gallons per square) footll :
2 ¢\C30 per 1000 gallans (28 percent) S
= 300 + — - T T T
=z | :
_ r Supplament water
—- #20 per 1000 galions
o .
o | !
g 200 — i - - |
z *\srququo gallons
= l ?5" squore foot
I 8 4rcent)
i ‘ :
Supplement water ‘ * ;
#1{0per 1000 galions ° ‘ '
100 P P R : ;
-—’/<Annual cost cistern ? ' , : I
| i
| . ; l L ‘ 1
oLl | l L] 1

10 20 30
CISTERN STORAGE, IN PERCENT OF TOTAL CATCH
Figure 25.--Annual cost of water from a roof catchment of 1,000 square feet with
a maximum vield of 48 gallons per day.

31

40 50 70 80 90 100




Taote -.--oCile L

L rlues lcr ceterminiag jroung-water cotential from gnysical
triteria 3na examopies for seiected wells

RAiniau

Topograpny

Cxposure Drainage area | Pctential
‘ ‘ T —
nches | ‘alue Value | Valuelf --res “alue || Sum of values | 09 €M
vieid . jpd
il Crest of North or south
<40 rdge ! .lope ) <100 1 1 or less < 500
S —+
) | General 'l South slope 1 :
- i R - ! 5= 5 -
4i _ 3 1 slope ‘ 1 | North slope 2 101-200 2 ; 5-6 ! 500-1,000
' Central | | Sheltered :
- valleyo |
35- t - - -
5-50 2 generalw 2 || intenor 2 || 201-300 | 4 7-8 1,000-5,000
slope | valley
! Large
>50 3 valley ory 4 301-400 | 6 9-10 5,000-10,000
| alluviail
! flat
> 400 8 11 or greater 10,000 +
Examples
well 3| 2 2 2 ' 7 1,000-5,000
Well 10 1 1 1 1 4 500
Well 22 1 2 2 1 7 1,000-5,000
Well 20 1 3 2 [ 12 10,000
Well 16 1 4 2 6 13 10,000
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cne development cubnlic suppiies for local use.
The -water, 3s a wnole, is 21 poor zuality, being
siightly mirneralized, but can stll ne considerea
cotanle. 1 zan oe blencea wwitn cistern water,
v.elding 3 miveq wwater of more sccectable pota-
z:lity. Housenolcers 'vno nave wells jenerally
crefer 2 2ual system, Jasing tna well water for
wasning, lawn waternin;, “nC 33n1tary curgoses and

rain water or drinking ind Ctoang.

The cround-water potential Wf 3n ir23 can in

large part be determined by .ne aver: ~ - rnual
rainfall, topograony, and 2xposur: to z:lar rauia-
tion. (n general, areas recelving lwSs nan =Y
.nches of raintall have 3 low round-wvater cten-
ual. The southern slopes of the islana, .. nere,
hecause of solar raa:ation, =v3poOranspiratlon (s
nigh and recnarge is low, jenerally nave less
jround-water potential and vield :ore nighly min-
eralized water than the north slopes. Topography
1s important 1n that - rhn flatter slopes ground-
water recharge 1s tfavored.

A crude scale based on rainfall, topography,
exposure, and drainage-basin srea was developed
for estimating yround-water potential of the rocks
nf the 1sland (table 4). The different features are
assigned velues ranging from 0 to 8. The sum of
these values 1s @ number from wnich an estuumate
of the long~term vield of 3 well can be obtained.

A deep well will jenerally 1eld more water than a
shallow well 1n the same locauon. For the
purpose of the scale, a weil depth of about 200
feet 1s assumed with the water level in the well at
50 feet below land surface. Little water 1s yielded
from depths of more than 200 feet below the water
table.

[t 1's emphasized that even though conditions
appear favorable for obtaining a yround-water
supply, there 1s always a possibility no water 'will
be obtained as a well mav not penctrate water-
bearing strata.

‘Water 1n Consolidated Rocks

The permeable zones of tne consolid-~ted rncks
consist of open joints and fractures. Near the
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land surface the joints are open--the result of
“seathering and release of pressure. [oint cpen-
.ngs, however, narrow raoidly with Zeptn, anc
senerally 3t ceoths of 3 few hundrecd feet tney 3re
too narrow to transmit significant quanuties of

water,

All the bearock {crmatons are bdroken v 3ults--
iractures 3leng wnicn moverent n3s 3<en clace.
in some faults, earth movement nas crusied tre
rock to jravel-size oreccia, wnereas .o cthers tne
roCck has oeen reduced t¢ 3 tlourlike suostance
called fault gouge. Zrecciated fault zcnes not
sealed by mineral deposits or {ault 3cuse can e
very permeanle and often extend to decths of
aundreas of {eet,

The arientation of many of the valleys irna nays
»vidently 1s controlled by a fault and joint system
ilong wnich erosion has occurred. ‘‘alleys,
:nerefore, are often indicators of zones 2f an
extensive jointing or fractunng system that may
contain ground water.

The vield to ~alls drilled 1n the bedrock 1s
small--generally less than 1,000 gpd. Many
wells vll vield 5 to 10 gpm (gallons per minute
for about 10 hours. After that they yield at @ much
reduced rate as a result of removal of water from
storage in the :mmediate vicinity of the well,
Once water 1n local storage is removed, the vield
to the well is reduced to the general yield of the
aquifer. For example, well 17 near Wintberg re-
portedly yielded 12 gpm (17,000 gpd) for a 24-
hour pumping period when first drilled. However,
almost daily use over the past 5 years has shown
that the long-term yield of the well is about 250
jallons per day.

The consolidated rocks are permeable as a
result of interconnected open fractures along
joints and fauits, which tend to be linear. How-
ever, permeability may vary significantly along a
lineation.

One example of possible linear permeanility 1s
the north-south fault 1n eastern Charlotte ~malie.
Permeability, as determined from pumping tests
of wells, ranged from about 1 to 9 gpd per ft
(gallons per day per square foot) east and west of
the fault. !mmediately along the fault zone in the
vicinmity of the race track, however, permeability
ranged from about 70 to 150 gpd per ft¢. South-
wvard along the fault permeability was 1 3pd per £l .




The effective porosity, or storage capacity, of
the consolidated rock also is related to open inter-
connected fractures and joints. Effective porosity
in the upper Turpentine Run basin is estimated to
be 4 percent based upon changes in the ground-
water level in response to rainfall. Effective
porasity of the rocks 1n most of the island is esti-
mated to be 1 percent or less.

Water 1n Unconsolidated Rock

Water-bearing unconsolidated deposits are
present only in Turpentine Run Valley and in coastal
embayments. These deposits consist of two dif-
ferent lithologic types, which have a variety of
water-bearing characteristics. They can be divided
into (1) a bouldery stlt and clay alluvium, which
contains lenses and beds of sand and gravel, and
({2) beach deposits, predominantly coral sand and
occasional interbedded zones of coral, beach rock,
and organic silt and clay. In the coastal embay-
ments, alluvial and beach deposits may interfinger.

The alluvial deposits are predominantly fine
grained, and, although they have a high porosity,
they have a low permeability and will yield water
only slowly to wells. Water in these deposits is
with few exceptions under water-table conditions.
Sand and gravel beds and lenses in the alluvium
. are rarée. Where present, however, they will yield
water readily and act as a large collector system
into which water from the less permeable alluvium
will percolate. Occasionally the water in the sand
and gravel beds is under artesian pressure because
they are confined by the leass permeable overlying
alluvium,

The beach deposits, principally medium to
coarse coral sand, have a moderats to high per-
meability and porosity and will yield water readily
to wells., The moderate to high permeability of the
beach deposits is often detrimental in that sait-
water encroachment can easily occur.

Water Table

Ground water in St. Thomas i3 assumed to be
under water-table conditipas~-that is, the water
surface is unconfined, open to the atmosphere, and
free to rise and fall. Sufficient data are not avail-
able to show contours of the surface of the water
table throughout the island. In general, the water
table roughly parallels the topography. The depth
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to the water table is 3 few feet below land surface
in the coastal embayments but may be as much as
120 feet below land surface near the crest of the
central ridge.

The water table responds to changes in the
quantity cf water stored in the ground-water reser-
voirs. The water table nses when recharge from
rainfall or streamflow exceeds the discharge; it
declines when discharge to springs, streams, or
the sea, evapotranspiration from the water table,
and withdrawal of water from wells exceed recharge.

Water-table fluctuations

The hydrograph of well 1 in figure 26 is typical
of the water-level fluctuations in the rock aquifer
of the south coast. Recharge follows the infre-
quent heavy rainstorm or smaller storms in a wet
period. The overall low storage capacity of the
rock causes a rapid rise in water levels, but the
steep hydraulic gradients resuit in rapid losses
and almost as rapid declines.

Figure 27 is the hydrograph of well 24 tapping
the alluvium and weathered bedrock in the lower
Turpentine Run Valley, and figure 28 is the hydro-
graph of well 21 in the alluvium of the upper basin.
Recharge is received every time storm water runs
off in the stream and water levels rise. Between
times of storm runoff, ground-water levels are
partly maintained by the infiltration of base flow
from the stream when flow is present.

The hydrograph of well 19 in figure 29 shows
the pattern of water-level fluctuations of the rock
aquifer in upper Turpentine Run basin. The pattern
is similar to that of the rock aquifer of the north
coast and larger valleys on the south coast. Here,
greater permeability and storage capacity and
generally thicker soil and alluvium result in a
slower but more prolonged response to recharge and
a slower discharge. The “troughs* in the
hydrograph during early 1965 were caused by pump~
age (averaging 18,000 gpd) from a nearby well.

Recharge

The bedrock aquifer is principally recharged by
infiltration of rain on the land surface. Stream-
flow and storm runoff locally recharge the
alluvium, which may, in tum, contribute water to
the bedrock aquifer in the major valleys and allu-
viated coastal embayments,

= iy




Rainfall, vegetation, evaporation, surficial
deposits, and exposure to solar radiation are the
main factors affecting recharge to the aquifers.

Leaky-salt water and sewage mains i1n Charlotte
Aamalie and effluent from sewage plants in the
Turpenune Run basin also contribute water to the
aquifers as does effluent from septic tanks through-
out the i1sland. Recharge from these sources 1s
detrimental as 1t 1s @ gotential source of zoilution.

The bedrock aquifer 1s recharged infrequently
and only after a heavy rain or series of lesser
rains. The amount depends on the antecedent
rainfall and the degree to which soil moisture has
been depleted by evapotranspiration since the iast
rain. Extensive brush cover and the granular
nature of the soil cause rapid evapotranspiration.
Conversely, the granular nature of the soil will
allow water to pass through the soil zone without
the soil being completely saturated--saturation
being required only along the conduits between the
soil granules. This reduces the water needed to
satisfy soil-moisture requirements before recharge
can take place. Even then, under dry conditions,
a major rainstorm of 2 inches or more, or the equi-
valent in lesser rains, 1s necessary to initiate re-
charge to the bedrock aquifer. The amount of
rainfall necessary for recharge varies from one part
of the island to another. On the north slope 1 inch
of rain may cause recharge, whereas on the south
slope, under dry conditions, 3 inches or more may
be necessary for recharge.

The fluctuation of ground-water levels indicates
that recharge to the aquifers on the south-facing
slopes is less frequent than on the north-facing
slopes. Less frequent recharge on the south slopes
1s attributed to the greater solar radiation received
by these slopes, which results in increased evapo-
transpiration and a greater soil-moisture deficiency.
Consequently, a3 greater volume of water is neces-

sary to overcome the soil-moisture deficiency before

recharge takes place.

Where the surficial deposits ( saprolite or
alluvium) are thick, ranging from 2 to 15 feet, as on
the north slope in the viciaity of Dorothea, 1n upper
Turpentine Run basin, and in the alluvial embay-
ments, such as at Long Bay and the Harry S.

Truman Airport, water is retained in the surficial
deposits and takes a much longer time to reach the
bedrock aquifer. Peak recharge to the bedrock
aquifer may lag as much as a month behind the
rainfall. In some places little recharge reaches

37

the bedrock aquifer--as most 1s discharged to
springs or streams directly from the saprolite or
alluvium, 3ss has been observed in the vicinity of
Dorotnea on the north slope.

Runotf from major rainstorms is the principal
recharge to the aquifers of the cocastal embayments
and 1S an important source of recharge to the
alluvium of Turpentine Run. B8ase flow of Turpen-
tine Run and Bonne Resolution Gut at Dorothea
3ay, when present, also contributes recharge to
the unconsolidated aquifers 1n their respective
Dasins.

For convenience of discussion, the island has
been divided 1into five ground-water areas as
shown in figure 30. Estimates of yield in these
areas are given 1n table 5.

Table >.--Zstumated vield of ground-water areas. See fig. Uy

sround -water 1 irea, Cstimated yieid ~nouat recnarqge,
irea i sgms jpd mgsyr .nches
1 13.6 450,000 164 2.7
1 {Long Bav)! 31 70,000 34 25 i.9
1 { Lindberg 3ay! .21 30,000 3 11 i3
2 3.4 350,000 128 2.2
2 Upper basin 2.3 300,000 4/ 110 2.8
2 Lower pasin” 1.1 50,000 4, 18 1.1
3 1.6 250,000 9 1.2
4 .4 2/] 100,000 36 5.3
S 10.0 100,000 36 .2
Total 32 1,250.000 455

L/ Approximate area of alluvium oniy.

1/ Does not include drainage basins at Areas | and 3
which contnibute recharge to Area 4 from surface-
~ater runoff,

3/ Y.eld included in Area 1 total.

4/ VYield included in Area 2 total.

Ground-Water Areas

Area 1

Area 1 encompasses about half the land area.
It is underlain principally by fractured volcanic
tuff and breccia of the Louisenhoj Formation, on
which 1 or 2 feet of soil have developed. On the
south side of the island, from the vicinity of
Charlotte Amalie westward to Brewers Bay, the
volcanic rock has been extensively fractured.
The fractures, however, have been filled with
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FOR SYMBOLS

Surface-water gaging station

Drilled well, number refered o in text

Dug well

Gallery

Spring, number refered 1o in fexl.
Rain gage

Pollution from solt -water mains
Encroachment by sea waler
Boundary of area

Alluvial deposits

Areas, see explanalion below
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AREAS EXPLANATION

Arca 1

Wells in rock S0 to 300 feet in depth will yield up
to 1,000 gpd. 1In some larger basins and
alluviated embayments yields up to 10,000 gpd
may be possible. Water contains 1,000 to 1,500
my/1 chloride. Wells drilled near the sea and
below sea level may yield brackish water when
drilled or if pumped at excessive rates.

Area 2

Wells in rock 50 to 250 feet in depth will yield up
to 30,000 gpd. Generally, deeper wells have a
higher yield. Short-term yields of selected wells
may be as great as 150,000 gpd. Wells tapping
alluvium of lower Turpentine Run will yield up to
10,000 gpd. Water contains about 1,000 mg/1
dissolved solids and about 200 mg/] chloride.
Little danger of salt-water encroachment except in
lower Turpentine Run.

Area 3

Wells in rock 50 to 200 fect ain depth will yield up
to 5,000 gpd. In some larger drainage hasins,
yields up to 10,000 gpd may be possible. Water
contains about 1,000 my/l dissulved solids and
about 200 my/l chlonde. Wells drnilled near the
sea and below sea level may vield brackish water
when drilled or if pumiped ot excessive rates,

Area 4

Wells in limestone 50 to 150 feet 1 depth will
yield up to 50,000 gpd. Short-term vields of
selected wells may be as great as 150,000 gpd.
Water contains about 1,500 mg/l dissolved solids
and 200 to 300 my/1 chloride., Wells drilled near
the sea or below sea level may yield brackish

water when drilled or if pumped at excessive tates.

Area S

Wells in rock 50 to 300 feet in depth will yield up
to 1,000 gpd. In general yields are small. Water
contains 1,000 to 1,500 mg/1 dissolved sohids and
300 to 500 mg/1 chloride. Wells drilled on penin-

sulas and in coastal areas yenerally will encounter

brackish water., Ground water polluted by leaky
salt-water mains in Charlotte Amalie area.

Figure 30,--Ground-water areas of St. Thomas showing location of wells, springs,
stream gages, and rain gayes.




secondary minerals.

Alluvium and beach deposits fill the coastal
embayments and are especially prominent in the
Charlotte Amalie area.

Ground-water levels range from a few feet below
land surface in the embayments near the sea to as
much as 120 feet below land surface on the central
ridge. Depth to the water table 1s greatest beneath
ridges and least in the valleys and lowlands.

Wells range in depth from S0 feet in the low
coastal areas to 250 feet or more near the central
ridge. In general, the higher the altitude of the
well site the greater the depth of the well. There
1s really no particular depth at which an aquifer can
be successfully tapped, as yield depends entirely
on the depth and density of open water-bearing frac-
tures. A well in the Long Bay area (well 12) at an
altitude of 40 feet was drilled to a depth of 120
feet before water-bearing fractures were penetrated.
Well 10, on the other hand, at an altitude of 320
feet on the slope of the central ridge, penetrated
water-bearing fractures at 60 feet. These, of
course, are extremes. Long-term yields of wells
generally range from 250 to 1,000 gpd, although
initial or short-term yields may be 10 times
greater.

Two vailey areas, Long Bay and Lindberg Bay
on the east and west edge of Charlotte Amalie, re-
spectively, have greater ground-water potential
than the remainder of Area 1.

Long Bay.--The Long Bay area lies in a basin
about 1 square mile in extent, of which about 0.3
square mile is alluviated coastal embayment, and
the remainder is stesp~sloped volcanic ridges with
little soil cover. Alluvium as thick as 60 feet
overlies the bedrock. Near the coast the alluvium
underlies and interfingers with a thin beach-sand
deposit. A relatively impervious clay overlies the
bedrock from a line about 1,500 feet inland sea-
ward to the shoreline at Long Bay, and probably
extends out under Long Bay. Water is present in
the alluvial deposits, but the main aquifer is the
underlying volcanic rock. In general, the bedrock
underlying the alluvium ylelds more water than that
underiying the ridges. The zone of greatest yield
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to wells 1s oound oy the two fauits cassing nriugn
*he area.

Afacter contrinutin T2 tne croauctit, Cf e
zedrcck 1s tne cverlyving aliuvium that 2215 235 3

storage resarecyr, The ziluvium sontains sty
Juantitles Hfwailar,  T2C3use of (ts L Lsrmea-
bility 1t generally ietds little water '~ wells.
but 1t yrelds watsr sicwly to tne Luncerloing zed-

rock aquifer. The crincipal area Lf recr3e o
the bedrock 3quifer rom rhe alluwvium 0 1
foot of the volcanic riages inlana -t .n: <Z:e
the impervious clay wedge capping ne Jonirile
and mostly upgradient irom the area .: c<ary V-
water mains.

T3

The long-term yieid cf the alluvium--edrcck
aquifer 1s estimated tc be from 60,3003 > =4 00
jed. The vield of wells ranges tr-m az :ut =70
to 70,000 gpd. The high yield of scme >t th2
wells, however, has little to do with the |l ;-
serm yield of the aquifer. Sustainec p:mpage &
excess of the long-term yield of the ajuifer wiul
deplete the fresh ground water in storage ard rrop-
ably result in salt-water encroachment.

Salt water has encroached in a narrow strip of
the alluvial aquifer bordering Long Bay because of
pumping dug wells 13, 14, and 15, which supply
Pearson Gardens public housing. Nearly half the
alluvial aquifer, however, is contaminated to
some degree by leaky sait-water mains. The
approximate limits of salt-water contamination are
shown in figure 30. The bedrock aquifer under-
lying most of the contaminated alluvium contains
fresh water because the principal recharge area 1s
upgradient of the relatively impermeable clay cap
overlying the bedrock throughout most of the
contaminated areas.

Sait water has entered the bedrock in at least
one place. Well 11 became salty after being
pumped heavily for about 3 montha. Salt water
from the alluvium has apparently entered the bed-
rock aquifer through several improperly construc-
ted wells. In each the annular space between the
wall of the well and the casing was left open, and
salt water moved down the annular space, contam-
inating the bedrock aquifer in the vicinity of the
well.
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L5 onrobably wli cield 1), 000 qpd 1n the cena

e
~art n2 ericayment rora of the airport.  The
ulavitn ce relauvel hic'. there and, tnus,

thonia contrioute consic2rable ayuantities o water
D> "ne underlviag pedrock aoiter,

§ o+ ncrantial yreld of the tedrock equifer s
cremmtted o oe 3C,000 gpd, 3ssuming data ~ztainted
T Lo Luag Bay arz2a can ce aoplied.

Salt-~ater mains in the Sourne Field housing
ir2a are known to leak, and it must be assumed
Liat tne alluvium in that vicinity 1s contaminated.
The same care to prevent salt-water contamination
Yy 1n.croper well construction must be taken nere
3s 1n the Long 3ay area.

At one time a gallery paralleling the runway
1t the awrport w::ﬁo: water supply. This
saliery, which eted runoff irom the runway
3rd stored water $iiihe alluvium and landfill for
‘Lture use, nad of sestimated to be 13,000 ;pd.
Unioriunately, the gadlery was overpumped 2nd
salt-water encroachment followed. Salt waters
sull present in the alluvium near the well and :s
.n a position to intrude the bedrock aquifer.

‘Water from the gallery occasionally is used for
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~~<-3ble purposes, The use Of water from

~.w753 dralnage for drinking purposes, of course,

T .ianzerous pecause of the presence of toxic

‘rea I 1s the drainage pasin of Turpentine Run.
ItUenlence 1t 1s separated (nto an upper ang
.7z zasin: the upper basin above the stream-
L iingoitation near Mt, Z.on, and the lower basin
The principal rocks are volcanic flows,
irnd breccia. Alluvium as thick as 40 feet

N e

.zrehwvest-onented fractured and jointed zone
“waroinermally altered rock bisects the upper

LAl

Ti.ll2d wells range from 40 to 230 feet in

The shallower wells tap the alluvium and
wzathere bedrock of lower Turpentine Run. The
‘epth =f the rock wells is not necessarily a cri-
tericn of ireater yield, butis usually an indica-
~..n clwhere 3 zone of water-bearing fractures
a5 cenetrated. Short-term yirelds from indi-
idual rock wells 1n the upper basin are as great
15 15¢,J00 gpd. Sustained yields, however,
c:nge from about 3,000 to 30,000 gpd. Indi-

- .3l wells in lower Turpentine Run yield as
~:<n 15 30,000 gpd, but sustained ground-water
wothdeawals of more than 10,000 gpd will probably
rezult in sea-water encroachment.

(ecth,

Sound-water levels.--Contours of the ground-
water surface  during August 1965 and January
1966, are shown 1n figures 31 and 32. The arrows
nn these maps indicate the general direction of
Jjround-water movement. I[n the upper basin,
wrhen water levels are high, ground-water flow s
split--part moving along the course of Turpentine
Rur: and part moving through the fractured and
sltered zone at Mt. Zion and emerging as a sernes
of serings discharging to Turpentine Run i1n the
lower basin. When ground-water levels are low
.a the uoper basin, nearly all ground water :s
.rocpably discharged through the fractured zone at
*At. 2i0n, and a temporary ground-water divide :s
astablished at the position shown in figure 31.

Ground-water levels in the basin fluctuate in
relation to discharge from and recharge to the
aquifers, Figures 29 and 27 are the hydrographs
of wells 19 and 24 arilled in bedrock in the upper
basin and in the alluvium and weathered rock of
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No data base is available for a detailed assessment of population within a particular radius of the
site. The best available information follows this note, and consists of a 1980 census by water district.

Populations were estimated by adding together the populations of each district within the radius of
interest. In cases where only a portion of a district is within the radius, population was prorated by

area.
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XGAL/D KGAL/D KGAL/ZD XKGAL/D

[ 4

Tet 0.0 0.0 0.0
45.7 0.0 0.0 0.0
118.8 0.0 0.0 0.0
109.4 0.0 0.0 0.0
6.9 0.0 0.0 0.0
6.3 0,0 0.0 0.0
64,2 0.0 0.0 0.0
90.8 0.0 0.0 0.0
4234.4 21000.0 0.0 21t000.0
29.1 0.0 0.0 0.0
37.9 0.0 0.0 0.0
%6.2 0.0 0.0 0.0
3198 0.0 0.0 0.0
6.0 0.0 0.0 0.0
99.9 0,0 30.0 0.0
1.1 0.0 $0.0 $0.0
11S.4 0.0 10.0 10.0
0.4 0.0 0.0 0.0
3.4 0.0 0.0 0.0
350.8 0.0 0.0 0,0
5082.6 21000.0 110.0 2131110.0

Sesvice Distiicts are Numbered

POTABLE NON-POT
KGAL /70 KGAL/D

40.95 0.0
226.0 36,2
535%.0 0.0
26. 1 0.0
22.2 0.0
3.0 0.0
229.6 0.0
236.9 0.0
415.3 0.0
102.0 0.0
195.1 0.0
530.9 27.06
103.2 0.0
19.2 0.V
58.6 0.0
90.5 0.0
264.2 0.0
2.2 o.o
15.5 0.0
207.7 37.2

1211 .7 101.C K]

FIGURE 3-4.

Projected demand of the service districts on St. Croix for the year 1980.
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ISLAND UF THUOMAS ‘Z ‘

0UIPUS LA ‘OA YEAR 1980

$cmne INTERANAL DEMAND =<<-$ Sve-s=mnecu-=-= [NIEANAL WATER SUPPLY =ce-ccmcocacc®  8--- EXTEHNAL DEMAND ---3
¢-v-- POTABLE WATER --2-8 ©-- NON-POTABLE WATER--©
TOTAL CISVERN OIHER 100AL SALTY OTHER TOTAL POIABLE NON-PUT ToraL
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DISIRICT & o ' 0.7 6.0 40,7 9.7 0.0 9.7 0.0 0.0 0.0 31.0 0.0 3.0
OISIRICT # 15 ) 219.0 20.3 Jobo? $3.8 0,0 43.8 0.0 N0 0.0 181.6 20. 3 207.9
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TOVAL I1SLAND | I754.8 2r.n s081,.8 623.9 332.0 955.9 0.0 152.0 152.0 2906.0 190.6 Ji176.0
i Sarvigce Dustricts ace Numbered

) - FIGURE 3-6, |CHIM

Projected demand of the service districts on St. Thomas for the year 1980.
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. . PRELIMINARY INVESTIGATION OF TEXACO VIOLATIONS

DATE: 05 AUG. ~87

TO: TEXACO's FILE

FROM: LEONARD REED

SUBJECT: TEXACO's VIOLATIONS {waste oil, etc.]}

On 05 August 1987 at about 07:45 hrs. an inspection was conducted of
the Texaco Tutu facility located at ?? Anna's Retreat. Mr. Vernon
Morgan was contacted for information relative to the inspection. The
inspection revealed that there were several violations of V.I.
Laws/Regulations. The findings are as follows:

l. A large underground container with concrete top that is
part of the entire surface area was on site. This container had a
concrete partition that may have holes towards the bottom since the
material contained therein was of the exact height in both
compartments. The container was protected with a circular cast iron
cover. The material contained appeared to be waste oil. It was not
possible to determine the construction of the subsurface tank to
include depth, width, length, type of bottom [concrete, dirt, etc.].
Waste oil is classified as a hazardous waste in 19 R&R ch. 56 sec.
1560-500. Said waste o0il was generated in violation of 19 R&R sec.
1560-501. Said waste o0il was also stored in the above tank in
violation of sec. 1560-501.

2. There were there (3) service areas, each equipped with
hydraulic hoist and waste o0il collection trap that had pipes installed
to transfer the waste to one (1) or more of the waste oil storage
tanks. Each of the three (3) traps contained waste petroleum products
in violation of 1560-501.

3. There was a filled septic tank on the property that will
be in violation of 19 R&R sec. 1404-73 if further investigations
revealed that there is public sewer available.

4. The soil of the unpaved area along the northern boundary
was saturated with waste petroleum products. There were several
containers of petroleum products stored in said area along with
automotive parts all in violation of 1560-501. The auto tires
contained in the above accumulation are capable of breeding mosquitoes
in violation of 19 VIC section 1563 (5).

(3= O



TEXACO's VIOLATIONS 05 AUG. ~87 continued page 2 of 2
____ 5. There was a large distinctly circular area with a square

steel plate cover that was also filled with waste oil. It was not

possible to determine the length, depth, width, type of bottom

[concrete, soil, etc.]. Said waste oil was generated and stored in
violation of 1560-501.

6. The storm drain contained waste o0il or similar petroleum

products in violation of 19 VIC section 1563 (13) and 19 R&R section
1560-2 (3).

7. There were two additional man holes covered with square
steel covers. It was not possible to determine the contents of said
man holes due to the rear wheels of the most north of three (3) (semi)
trailers being on the said covers. These are suspect of containing
petroleum products since the cistern and the septic tank were
identified. FOLLOW UP IS NEEDED!
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J. F. MARTINEZ & ClA., INC.

MECHANICAL CONTRACTORS PO, 8OX - AK
CARR 19, KM, 0.3, 80. MONAGILOS CAPARRA HEIGHTS STATION
GUAYNASO, PUERTO RICO SAN JUAN, PUERTO RICO 00972

THS. 791.4097 - 781.9533

JULY 18, 1987

Re: Petro Tite Tank Test
JULY 11, 1987

4’1}/ Test Location: TUTU TEXACO SERVICE STA.

ESTATE ANNA'S RETRFAT, NO. 1
ST. THOMAS, U.S.V.I.

Petro Tite test performed on tank system # 3, in order
to determine tank's mechanical integrity.

Tank system # 3 subject to Petro Tite test under the
conditions detailed in tank chart (). Results of jly 11,
1987 demonatrated that tank system # 3 (does,.dolcs ng.t)
meet the criteria (“TIGHT" &+ .050 gph) esgablxgﬁe?lﬂy “the
National Fire Protection Association Pamphlet 329.

The ctiteria established of + .050 gallon/hour is a
mathematical calculation based on actual liquid volume
change and temperature change, and is not intended as a
permission of a leak.

"LEAKAGE INDICATED ---. GALLON/HOUR" -

F MARTI & CIA{], INC.

- Maxio Urdaneta
Tank Testing Technician
S.N. 1318
MU/cit
Enclosure
Comments: A
TANK. __GROSSLY. TFAKING TANK,
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J. F. MARTINEZ & CIlA,, INC. :
MECHANICAL CONTRACTORS P. O 30X - AK
CARR. 19, KM, 0.3, BO. MONACILOS CAPARRA MEIGHTS STATION
GUAYNARO, PUERTO RICO SAN JUAN, PUERTO RICO 009722

TES. 781.4097 . 701-8538

JULY 18, 1987

Re: Petro Tite Tank Test
JULY 11, 1987

Test Location: TUTU TEXACO SFRVICE STA.
ESTATE ANNA'S RETREAT, NO. 1
ST. THOMAS, U.S.V.I.

Petro Tite test performed on tank system #1 , in order
to determine tank's mechanical integzrity.

Tank system # 1 subject to Petro Tite test under the
conditions detailed in tank chart ( B). Results of July 11,
1987 demonstrated that tank system # 1 (does, 8.1
meet the criteria ("TIGHT" 3 .05S0 gph) established by the
National Fire Protection Association Pamphlet 329.

The criteria established of i .050 gallon/hour is a
mathematical calculation based on actual liquid volume
change and temperature change, and is not intended as a
permission of a leak.

"LEAKAGE INDICATED -0~ GALLON/HOUR® °

: s J !MRTTZ&C .» INC.
I{
- Mazxi

o Urdaneta

Tank Testing Techniciap

S.N. 1318
MU/ejt . 13
Enclosure

Conments: SEE TANK G .
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VWM SPE Suite 201, 1090 King Georges Post Road,
Edison, NJ 08837 » (201) 225-6116

TECHNICAL ASSISTANCE TEAM FOR EMERGENCY RESPONSE REMOVAL AND PREVENTION
EPA CONTRACT 68-01-7367

TAT-02-F-04398 MEMORANDUM

TO: Carlos 0'Neill
U.S EPA Caribbesn Fileld Office

FROM: ° Arnaldo uar:;dz. TAT 11 PHM

'?ouglal Henn TAT 11 QC

SUBJECT: St. Thomas, Tutu HSL + 40
Sampling Results

DATE: January 27, 1988

The following letter report is provided in accordance with
TDD #02-8709-29.

The completed analysis report of the HSL+40 sampling of the
Tutu well site was received on Jsnuary 18, 1988, A copy of

~ the laboratory report was delivered to the EPA PHM on January
20, 1988,

Table f1 shows the concentration of contaminants found in
each well. The major contaminants found are 1,2~

transdichloroethylene (DCE), trichloroethylene (TCE),
tetrachloroethylene (PCE) and tertbutyl methyl othet
TBME was not detected during previous samplings. -Ot »

compounds found in low or trace concentration are: 1,1,1-
trichloroethane; benzoic acid; 4-methoxy-1,l-dimethyl ethyl
phenol; 2-butoxyethyl phosphate; 1,2-dichlorobenzene; 2-ethyl-
l-hexanol; N-2-dimethyl -1~ propaneasine; chloroform; toluene;
pentachlorphenol, msethylene chloride and 2-smethyl naphtalene.

\‘ —

A high concentration (120,000 ug/l) of methylene chloride was
found in the Harvey's Well. Toluene was detected in lowv or
trace concentrations in two wells (Byran's and Leonard's).
Unlike previous samplings, bensene was not detected in any of
the sampled wells.

Roy F. Weston, Inc.
SPILL PREVENTION & EMERGENCY RESPONSE DIVISION
In Association with ICF Technology, Inc., C.C. Johnson & Malhotra, P.C., Resource Avoplications. Inc..

o DY, , JUPUNGDIEEY
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The following wells show no detectable concentration of any
of the organic compounds tested: Rodriguez Auto, Devcon f},
Devcon f3, Dench, and Harthsan Estate.

Table #2 shows the compounds and metals that are regulated
under CERCLA, their reportable quantities (RQ) and their
Drinking Water Standards Maximum Contaminant Level (MCL), {f
any.

Of the metasls tested, arsenic, selenium and zinc were found

in greater than trace concentrations. Arsenic was found only

in the Harthaan Crusher Well. Zinc concentrations ranged

from nondetectable in Devcon #1 to 460 ug/l {n Smith Well.

Other w¥tals found in detectable but not quantifiable concentrations
are chromium, copper, thallium and antimony. The concentration

of metals found in each well is listed {n Table #1!.

Cyanide wvas found in five wvells. The concentrations ranged
from detectable but not quantifiadble (trsce), to 58 ug/l1l in
Eglin #]1 well. The concentration of cyanide found {n each

well is listed in Table #1.

The HSL+40 sampling results confirm that the major pollutants
in the Tutu well site are DCE, TCE and PCE. Seven wells show
concentrations greater or equal to 100 ppb of one or more of
these compounds.

A new major contaminant was found in this sampling. Six
wells show a concentration greater or equal to 100 ppd of
tertbutyl methyl ether.

Benzene was not detected in any of the samples taken for this
snalysis. Previous analysis with the photovac portable
chromatograph and GCMS confirmation samples had shown concentrations
greater than 1000 ppb in the Tillet Well. This was also
found in the photovac samples for the month of November.
Samples for photovac analyis taken concurrently with the HSL
samples shov g concentration of 46 ppb of bdenzene ia the
Tillet Well.

The cause of this discrepancy is unknown at present, TAT will
review previous dats to identify potential causes for this
occrrence as wvell as discuss the analysis with the presently
contracted laboratory. .



- OCT;}9B7

TABLE 1
CONTAMINANT CONCENTRATIONS (ug/l1l) FOUND
IN TUTU WELL SITE
October 1987
Bryan's Well

Toluene Trace
Zinc Trace

Tillet's Well

1,2-transdichloroethylene 600
Trichloroethylene 25
Tetracfloroethylene 140
Tertbutylmethyl ether 470
l,2-dichlorobenzene Trace
Trichlorobenzene Trace
2-methyl naphtalene Trace
Chromiunm Trace
Copper Trace

Four Winds Plaza #!

1,2-transdichloroethylene 280
Trichloroethylene 18
Tetrachloroethylene . 140
Tertbutylmethyl ether 470

Chrowium Trace

Copper ' Trace

Zinc 51 .
Elgin #3

1,2-transdichloroethylene 78
Trichloroethylene ' 8.4
Tetrachloroethylene 40
Tertbutylmethyl ether 270 estimated
Chrouium Trace

Copper ' Trace

Thallium Trace At
Zinc 98

Eglin #2

1,2-transdichloroethylene 57
Trichloroethylene 7.5
Tetrachloroethylene 21
Tertbutylmethyl ether 390 estimated
Copper Trace

Zinc 200
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TABLE 1

CONTAMINANT CONCENTRATIONS (ug/l1) FOUND

IN TUTU WELL SITE
(Conti{nued)

Eglin #1

l1,2-transdichloroethylene
Trichloroethylene
Tetrachloroethylene
Tertbutylmethyl ether
Copper

Zinc

Cyanide*

Francois WVell

1,2-transdichloroethylene
Trichloroethylene
Tetrachloroethylene
Tertbutylmethyl ether
Chromiun

Zinc

Cyanide

VIHA #1

1,2-transdichloroethylene
l1,1,1-trichloroethane
Trichloroethylene
Tetrachloroethyelne
Benzoic Acid

Copper

Zinc

Cyanide

VIRA #3

Methylene chloride
Trichloroethylene

Benzolc acid

A-methoxy~1,1-dimethyl ethyl phenol
2-butoxy ethyl phosphate '

Copper .
Selenium

Zinc

i- ... Cyanide
"l".chi_c‘rv- .

2t

& -

-2-

56

10
100
270
Trace
82

58

100
15
130
180
Trace
Trace
Trace

4.9
Trace
Trace
Trace
Trace
Trace
Trace

23

6.9
Trace
Trace

2.1

3.1
Trace
Trace
Trace
Trace

TUT

estimated

estimated

e .
b Pt

estimated
estimated
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TABLE 1

CONTAMINANT CONCENTRATIONS (ug/l1) FPOUND

IN TUTU WELL SITE
(Continued)

Demitri'‘s Well

Tetrachloroethylene
Copper

Selenium

Zinc

Harthman Estate Well

Selenium

Zinc

Rodriguez Auto Well

Copper
Zinc

Ramsey Motors Well

1,2-transdichloroethylene
Trichloroethylene
Tetrachloroethylene
Antimony

Zinc

Cyanide

Steele's Well

1,2-transdichloroethylene
Trichloroethylene
Tetrachloroethylene
Tertbutylmethyl ether
1,2=dichlorobenzene
Chroaium

Copper

Antimony

Z2inc

Harvey's Well

Methylene chlorde
1,2-transdichloroethylene
Trichloroethylene
Tetrachloroethylene
Chromium

Copper

Zinc

Trace
20
Trace
40

Trace
Trace

Trace
Trace

6.3
Trace
22
Trece
Trace
Trace

47

15
320
37
Trace
Trace
Trace
Trace
Trace

120,000
49

23
2,000
Trace

Trace
340

estimated

estimated

Bt ‘\_.‘\,.4\



TABLE 1

CONTAMINANT CONCENTRATIONS (ug/l1) FOUND
IN TUTU WELL SITE

estimated
estimated

34 estinated

(Continued)
Mathias
Trichloroethylene Trace
Tetrachloroethylene 3.6
2-ethyl-l-hexanol 4.7
N,2-dimethyl-l-propaneamine 32
Copper Trace
Seienfum 5.6
Zinc e Trace
Smith's Well
1,2-transdichloroethylene 100
Chloroform Trace
Trichloroethylene 21
Tetrachloroethylene 150
Tertbutylmethyl ether
Copper 7
Selenium 3
Zinc 460
Devcon f] Well
None detected
Devcon #3 Well
Chromiunm Trace
Seleniunm 7.1
Zinc Trace
Alpha Leonard Well
Tetrachloroethylene Trace
Toluene 22
Seleniums 8.5
DeDe Well
Pentachlorophenol ’ Trace
Copper Trace
Zinc Trace



TABLE 1
CONTAMINANT CONCENTRATIONS (ug/1l) FOUND
IN TUTU WELL SITE

(Continued)

HAarthman Crusher Well

1,2-transdichloroethylene Trace
Trichloroethylene Trace
Tetrachloroethylene 6.2
Arsenic 15
Zinc Trace
Dench Well

Copper . Trace
Ant isony Trace
Thalliunm 12
Zinc 68
Harthean Bskery Well

l1,2-transdichloroethylene Trace
Trichloroethylene Trace
Benzoic acid Trace
Aot imony ] Trace
Zine Trace

NOTE: These results have been corrected for contsminants
found in the field blanks and laboratory blanks.



TABLE 2
REGULATED COMPOUNDS

CERCLA RQ MCL RMCL

COMPOUND NAME REG. (Pds) (ug/1 (ug/1
l1,2-transdichloroethylene X 1,000
Trichlocroethylene X 1,000
Tetrachloroethylene X 1
Tertbutylmethyl ether
1,1,1-trichioroethane X 1,000 200
Benzoic acid X 5,000
Methylgne chloride - ’ X 1,000
4-metoxy-1,1-dimethyl ethyi

phenol 2
2-butoxy ethyl phosphate °
1,2-dichlorobenzene X 100

2,ethyl-1- hexanol

N,2-dimethyl-l-propanecanine

Chlorofora ~ X 5,000 100 (total
trihalomethane)

Toluene X 1,000
Pentachlorophenol X 10
2-maethyl nasphtalene
Chromiunm X 1 (dusts) 50
Copper X 1 (dusts) 1,000
Zinc X 1 (dusts)
Cyanide X 1 (dusts)
Thallium X 1 (dusts)
Seleniunm X 1 (dusts) 10 .
Antisony X 1 (dusts)
Arsenic X 1 (dusts) 50
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SUMMARY OF LABORATORY RESULTS
FOR OIL AND WATER SAMPLES
COLLECTED FROM TANKS, STORM DRAINS
AND SUMPS AT GASOLINE STATIONS
AND AUTO BODY SHOPS 1IN
TUTU, ST. THOMAS,

U.S. VIRGIN ISLANDS
ON AUGUST 17, 1987

Personnel from the Region 11 Technical Assistance Team (TAT)
sand the St. Thomas Department of Planning and Natural Resources
(DPNR) collected eleven oil and waster samples on August 17,
1987, from various storage tanks, storm drains and sumps at
gasoline stations and auto body shops in Tutu, St. Thomas, as
directed by TDD Numbers 02-8708-16 and 02-8708-32, Table I
provides descriptions of all samples.

The Tutu oil samples were taken from waste oil storage tanks,
sunps and storm drains. Sample numbers one through eleven
were analyzed for polychlorinated diphenyls (PCBs) and nusbdbers
twelve through twenty-two were anslyzed for volatile organic
compounds (VOCs). Split samples were provided for Tutu Texaco
and Tutu Esso. )

VOC analysis was performed in an atteapt to match the VOCs
found in the-contaminated Tutu Wells with those found in
these samples. Note that sample numbers one through eleven
correspond to sample numbers twelve through twenty-two.

The sapmples were shipped on August 26, 1987 to S-Cubed Laboratories
in San Diego, California, The samples were detained in

customs and not received by the laborstory until September

15, 1987. The sample analysis was conducted through the

Contract Laboratory Program (CLP).

The CLP designated holding times for VOCs were exceeded,

and the samples were warm upon arrival at the laboratory.-
The PCB samples, however, do not require preservation and d4id
not exceed their designated holding times. The PCB dats
meets the EPA quality assurance/quality control (QA/QC)
requirements and is acceptable, The results indicate that
all samples analyzed for PCBs were below the method detection
limits of 80 and 160 ug/kg.

Table II §llustrates the volatile organic compounds (VOCs)
identified in the samples. Some samples show very high

levels of VOCs typical for samples collected from gasoline
stations and auto body shops. 1In addition to those compounds
found in Tabdle 11, seversl unknowns were detected as tentatively
{dentified compounds.

Attachments
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Saanle Nuabder

3239B-1lecccens
3239B=2.cce0e
3239B-3.ccccnn
32393’6..--..
3239B-5¢c00nn
3239B~6.ccees
3239B-T.ce.nn
32393-8000000
3239B-9.c00n
32398-10.....

32393-110000-

32398-1210000

3239B-13.....
32398-14.....
323938-15....
3239B-16cc.c.n

TABLZ I

Descriocion

¢cesecscscssBay #] sump, Tutu Texaco

seessssccssBay #2 sump, Tutu Texaco

esesescecccsBay #3 sump, Tutu Texaco

eecseccccsec0il and water separator, Tutu Texaco
eeecerssescWaste 0i]l tank, Tutu Texaco
sseesscssssStorm drafin, Tutu Texaco
esseessssecGutter, Consolidated Auto Parts
eeessecssossStorm drain, Consolidated Auto Parts
cesssssscsceWaste 0il storage tank, Ramsey Motor
ssesessseessVirgin Islands Housing Authority (VIHA)
esescecssscwaste 011 Underzround Storage Tank (UST)
seeeesssess0il and water separator, Tutu Esso
eseeccesesoBay 1l sump, Tutu Texaco

seecsssecacBay #2 sump, Tutu Texaco

eseescesece3ay #3 sump, Tutu Texaco

cesssvseesss0il and water separator, Tutu Texaco
ssesscsccccWaste 0il tank, Tutu Texaco

‘32393-1700000_3_,_mst°tn dr‘iu, Tutu TCX.CO

32393-18.....
32393-1900 oo
32398-200 ee e
32393-21.00000
3239B-22.....

essesssessesGutter, Consolidated Auto Parts
essesesssesStorm drain Consolidated Auto Parts
eeescsssseccWaste o0il storage tank, Ramsey Motor
eseessssees« VIHA waste o1l UST

sesecsesesecs0il and water separator, Tutu Esso

et

DRAFT v GO any ? o
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\BLE 11 S“"fo \" J . CONCENTRATION: J / \,l":. 01 o' ﬁ’f
L WL v/ve Wy wel oW
SHPLE NMBER 0“" 2C Yol (;550
JLATILE .f
tCANIC COMPOUND 32398-12 | 32398-13 | 32399-14 [32398-15 | 32398-16 | 32398-17 | 32398-18 | 32398-19 | 3239-20] 32398-21 | 3239n-22
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"1.5S. ENVIRONMENTAL PROTECTION AGENCY

~-LP Sample Management Office
TP.O. Box 318 - Alexandria, Virginia 22313
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White - SMO Copy, Yellow - Region Copy, Pink - Lab Copy for return to SMO, G '*''
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