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POTENTIAL HAZARDOUS WASTE SITE PRELIMINARY ASSESSMENT
PART I: SITE INFORMATION

10.

1.

Site Name/Alias Tutu Esso

Street _Route 384 (Tutu District)

City _St. Thomas State_U.S.Virgin islands  Zip08002

County NA County Code _NA Cong. Dist._NA

EPAID No. NewSite

Latitude_ 18°20' 25" N Longitude _ 64°53" 18" W

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

Owner__ Esso VI inc. Tel. N0.(809) 792-2920

Street GPO Box 4269

City__ San Juan State_Puerto Rico Zip 00936

Operator___ Danill Bayard Tel. No. 809-775-2360

Street P.O. Box 7441

City_St. Thomas State U.S. Virginlislands  Zip_00801

Type of Ownership
Private [ Federal ] State
] County {J Municipal O Unknown 1 Other

Owner/Operator Notification on File

(J RCRA 3001 Date {7J CERCLA 103c¢ Date

None 0 Unknown

Permit Information

Permit Permit No. Date Issued Expiration Date Comments
None

Site Status

Active [JInactive (J Unknown

Years of Operation 1969 to Present

T G
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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 Underqround Storage Tanks Waste Qil 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 miscellaneous spills, incidents of dumping, etc. were observed on the site during the NUS
Corp. Region 2 FIT on-site reconnaissance. It should be noted, however, that an underground
qasoline tank has been suspected of leaking on site.

information available from

Contact _ Amy Brochu Agency_US. EPA Tel. No. (201) 906-6802

Preparer_Joseph Mayo Agency _NUS Corp. Region 2 FIT  Date_3/24/89
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PART Il: WASTE SOURCE INFORMATION
For each of the waste units identified in Part |, complete the following six items.
Waste Unit 1 - Underqround Storaqge Tanks, Waste Qil Underground Storage Tanks
1. Identify the RCRA status and permit history, if applicable, and the age of the waste unit.
There is no known RCRA permit for the underground storage tanks for waste oil. The
manager indicated that the tanks were installed in 1969. .
2. Describe the location of the waste unit and identify ciearly on the site map.

The waste units are located underground below a tire rack inside the garage.

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 volume of the storage tanks is unknown.

4, ldentify 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 oil in the tanks is hiquid.

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

The waste units contain waste oil from automotive repair and servicing activities. The
manager indicated that only waste oil was put in the tanks. Solvents and cleaners are not
disposed of in the tanks. Tank sampling, conducted by Cenref Labs and Belgodere and
Associates Inc., indicates the presence of toluene, ethylbenzene, and xylene 1n wastes stored
there.

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

The waste is contained in underground storage tanks. There is no information that indicates
that the tanks are leaking; therefore, there is little potential for contaminant migration to air,
groundwater, or surface water. The manager indicated that the tanks are penodically
emptied by ESSO Corp. and the waste is shipped off St. Thomas for disposal.

Ref. Nos. 1,18 19,20, 21,22
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PART lll: HAZARD ASSESSMENT

GROUNDWATER RQUTE

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.

There is a potential for contaminants to be released from the waste oil storage tanks to
groundwater. The manager of the facility indicated that onty waste ol was stored in the
tanks. Cleaners and solvents are not put into the tanks. Small quantities of contaminants may
have been introduced into the oil in the normal course of its use as motor oil. Tank sampling
indicates the presence of toluene, ethylbenzene, and xylene in wastes stored on sité in the
tanks; however, these results are questionable due to chain-of-custody problems. A soil gas
vapor study also confirmed chlorinated hydrocarbons on site.

Ref. Nos. 1, 21, 22

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 of dioritic plutons. The
Water Island Formation, which is late lower Cretaceous in age, consists of keratophyre and
spillates. The Virgin Island Group, which is probably early Cretaceous or Albtan in age, consists
of andesitic-pyroclastic rocks and sedimentary formations. The Virgin Island Group is divided
into four formations: the Louisenho| Formation, which consists of augite-andesite breccia,
tuff, and congiomerate; the Outer Brass Limestone, which consists of partially silicified-
tuffaceous-radiolarian-limestone; the Tutu Formation, which consists of tuffaceous wacke,
inctuding 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 piutons. These unnamed dikes and piugs of
quartz-andesine-hornblende porphyry are Upper Cretaceous and Lower Terttary in age.
Alluvian deposits are quarternary in age.

The Water (sland 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 tme of
extrusion. Emergent islands would have served as a source of weather sediments or detritus,
which are not present in this formation. There 1s 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 eruptions near
the top of the formation. Regional uplift occurred near the end of the Water Island time.

The Louisenhoj Formation of the Virgin island Group unconformably overties the Water island
Formation and crops out on about half of the land area on St. Thomas. Pilisbury Sound
between St. Thomas and St. John was the origin of this formation. Evidence of this center 1s
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 as one moves
further east and west away from the center or origin. 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
this 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
radiolartan and foraminiferal remains including @ minor amount of tuff. Thicknesses are
known to be at least 600 feet

-
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Overlying the Outer Brass Formation i1s the Tutu Formation. The Tutu Formation is fine- to
coarse-grained voicanic 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 are a megabreccia lithofacies with an average
thickness of 30 feet and a limestone member with a thickness up to 300 feet.

The Hans Lollik Formation, which consists of at least 10,000 feet of augite-andesite pyroclastic
rocks, crops out on Little Hans Lollik Istand. Dioritic plutons are located in Pillsbury Sound
between St. Thomas and St. John; in 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 homociine, which is cut by sets of faults trending N 45°W, N 55°E, and
north. Weil-defined joint sets parallel each of the major fault trends. Dips range from 15° to
90° with the average being 40°. Strike-slip faults have horizontal offsets of less than 1 miie.
Two major strike-slip graben structures or fault systems exist. The first passes through
Redhook, St. Thomas and the eastern tup of Lovango Cay. The second crosses St. John, from
Contact Point on the southwest to Brown's Bay on the northeast.

Most recent Pleistocene to Holocene alluvial deposits occurred orimarily 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 formations; however, for this report it is assumed that the fractures
and fault zones are present in ali of the 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 permeabiiity, making this aquifer unfavorable
for groundwater production. In coastal embankments throughout the island, saitwater
intrusion is widespread in alluvial deposits. In most areas, alluvial deposits are interconnected
with bedrock and act to recharge precipitation to the underlying bedrock.

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 S to 60 feet, and the altitude of the water levels ranges from 1 to 209
feet above mean sea level.

Ref Nos. 8,10, 14

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. 7

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?

The iowest point of the waste oil storage tank is unknown. It is assumed that the bottom of
the tank is at least 6 feet below the ground surface. Depth to groundwater in Four Winds
Shopping Plaza Well Nos. 1 and 2 is 13 feet and 9 feet, respectively. The Four Winds Shopping
Plaza wells are located approximately 400 feet from the Tutu Esso facility. The depth from the
lowest point of waste storage (6 feet) to the highest seasonal level of the saturated zone (9
feet) is 3 feet.

Ref Nos. 1,2,8

T L
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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 voicanic
rocks. The range of hydraulic conductivities associated with these formations 1s 10° to 10°
cm/sec.

Ref. Nos. 9, 10, 14

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 annuai 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 i1s 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 precapitation - 38.32 inches lost to evapotranspiration = 1.68 inches net
precipitation.

Ref Nos. 3,5,11,12

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 feast 41 wells within 2 miles of the site.
Thirty-six of these wells are within 1 mile of the site. Sixteen of these wells have been ordered
closed because of contamination with volatile organic compounds.

Ref Nos. 6, 8

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

Distance 1100 feet Depth _Unknown

The nearest well that is used for domestic purposes is the Francois Laplace well. Itis uncertain
whether this well is used for drinking. A number of wells in the vicnity of the Francois well
have been closed because of contamination with volatile organic compounds.

Ref. Nos. 6,8

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

It is 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 isiand. It is
estimated that there are 500 to 600 private wells on St. Thomas. Most of these are used for
nondrinking domestic uses 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 FUT o
collected from roofs. Groundwater is also bottled and sold in supermarkets ) o
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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. 8, 12, 13, 16, 17 .

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.

No potential exists for wastes to the released to surface water. Waste ol 15 stored in an
underground storage tank. The tank is located under the garage, and no incidents of leaks or
spills have been reported.

Ref No. 1

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

Not applicable. Containment of the waste unit precludes any release to surface water.
Ref. No. 1

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.)

Not applicable. Containment of the waste unit preciudes any release to surface water.
Ref No. 1

What is the siope 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.)

Not applicable. Containment of the waste unit precludes any release to surface water.
Ref. No. 1

What is the 1-year 24-hour rainfail?
Not applicable. Containment of the waste unit precludes any retease to surface water.
Ref. No. 1

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

Not applicable. Containment of the waste unit precludes any release to surface water
Ref. No 1 RERY
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16. Identify uses of surface waters within 3 miles downstream of the site (i.e., drinking,
irrigation, recreation, commercial, industrial, not used).
Not applicable. Containment of the waste unit precludes any release to surface water.
Ref. No. 1
17. Describe any wetlands, greater than 5 acres in area, within 2 miles downstream of the site.
Include whether it is a freshwater or coastal wetland.
Not applicable. Containment of the waste unit preciudes any release to surface water. R
Ref. No. 1
18. Describe any critical habitats of federally listed endangered species within 2 miles of the site
along the migration path.
Not applicable. Containment of the waste unit preciudes any release to surface water
Ref. No. 1
19. What is the distance to the nearest sensitive environment along or contiguous to the
migration path (if any exist within 2 miles)?
Not applicable. Containment of the waste unit precludes any release to surface water.
Ref. No. 1
20. (dentify 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).
Not applicable. Containment of the waste unit precludes any release to surface water.
Ref No. !
21.  Whatis the state water quality classification of the water body of concern?
Not applicabte. Containment of the waste unit precludes any retease to surface water.
Ref No. 1
22. Describe any apparent biota contamination that is attributable to the site.
Not applicable. Containment of the waste unit precludes any release to surface water.
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.

There 1s a potential for contaminants to be released to the air. Waste oil is contained in
underground storage tanks. There are no reports of any spills, and the wastes are not known
to contain volatile compounds, however, volatile compounds have been detected in soil gas
vapar screening surveys

Ref Nos 1, 22
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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. 15

FIRE AND EXPLOSION

v 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.

Wastes on site are stored in an underground storage tank; however, due to their volatile
nature, there is a potential for fire or explosion conditions present on the site.

Ref. Nos.1, 22

What is the population within a 2-mile radius of the hazardous substance(s) at the facility?
3ased on the 1980 census, the population within 2 miles of the site 1s approximately 19,000
Ref. No. 15

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 no potential for direct contact with hazardous substances. The waste is stored in an
underground storage tank under a garage. The area of the storage tank is accessible only to
workers.

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 1980 census data, the population within 1 mile of the site is approximately 11,000.
Ref. No. 15
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PART IV: SITE SUMMARY AND RECOMMENDATIONS

Tutu Esso 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 miie of the site is densely popuiated and contains some commercial
properties. The Four Winds Plaza shopping center is located just west of the site There are large
housing developments narthwest, north, and east of the site. Beyond 1 mile, there are seattered
smaller villages and towns. The densely populated and highly commercial town of Chariotte 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 Esso
Site. The station manager indicated that all waste oil from the station operations was stored in two
underground tanks located under a tire rack in the garage. The tanks have been in use since about
1969 and contain only automotive waste oil which is periodically removed by Esso Corp. and
disposed of off St. Thomas. The volume of the tank 1s unknown, and there are no known permits for

the tanks.

The waste oil at the Tutu Esso station is contained in underground tanks. There is no evidence that
the tanks are unsound or that there were any spills or releases to the en ronment. The tanks
reportedly hoid only waste oil which is disposed of by Esso Corporation. Based on the waste
containment, there is no potential for contamination of surface water or air, and there is no
potential for fire and explosion or exposure by direct contact. There is a small potential for
groundwater contamination if the tanks are unsound; however, there is no evidence of this On the

basis of the above information, a recommendation of MEDIUM PRIORITY is provided.

There were no known enforcement actions taken against Tutu Esso in the past. However, the
owners of the Tutu Esso Site have been identified as one of nine potentially responsible parties in the
contamination of groundwater in the Tutu area. in July and August of 1987, EPA confirmed by
sampling that volatile organic compounds were present in a number of wells in the Tutu area. One
of the wells was a major source of commercially provided potable water for the eastern end of the
istand. Additional sampling of wastes on site indicated the presence of toluene, ethylbenzene, and

xylene; however, these results are suspect due to problems with regard to chain-of-custody integrity.

Soil gas vapor sampling indicates the presence of chlorinated hydrocarbons. EPA removal action
activities in the Tutu area included sampling of wells and cisterns, removal of contaminated water
from cisterns, cleaning of cisterns, and supplying of clean water on a regular basis to affected

residents.

Additional sampling procedures are recommended to ascertain the extent, if any, of contamination

associated with this site. fi i
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MAPS AND PHOTOS

*No photos were taken as the waste unit was below ground.
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Figure 1: Site Location Map
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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 is a megabreccia lithofacies with an average
thickness of 30 feet and a limestone member with a thickness up to 300 feet.

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; in 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 faults 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 recent 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 istand. 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 fault zones are
present in all of the above formations; however, for this report it is assumed that the fractures

and fault zones are present in all of the formatips. 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.

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 S to 60 feet, and the altitude of the water levels ranges from 1 to 209
feet above mean sea level.

Ref. Nos. 10, 14

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. 7

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?

The lowest point of the waste oil storage tank is unknown. It is assumed that the bottom of
the tank is at least 6 feet below the ground surface. Depth to groundwater in Four Winds
Shopping Plaza Well Nos. 1 and 2 is 13 feet and 9 feet, respectively. The Four Winds Shopping
Plaza wells are located approximately 400 feet from the Tutu Esso facility. The depth from the
lowest point of waste storage (6 feet) to the highest seasonal level of the saturated zone (9
feet) is 3 feet.

Ref Nos. 1,2,8 L A
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TABLE 4. - Water budget. in cubic Aectometers per year (Am¥/yr) and percent. for Puerto Rico (by

Puerto Rico
North Coast Province South Province
West coast to Rio Grande de Riv de La Patillas Tallaboa . .
Rio Grande Arecibo to Rio Plata to Rio to to VL:Jt' wp'r';v:’":“
ife Arecibo de La Plata Espintu Santo Ponce Guames i
hmd¥yr  Percent hmdyr  Percent hmdiyr  Percent hmifyr Percent hmi/yr Percent hm¥yr Percent hmyr Percent
Input
Precipiaton | ______________... 1,680 3.0 1.280 754 w70 33.2 10 W6 60 8.5 100 28 150 X
Streamtiow ___ »20 270 130 e S90 63 320 495 175 745 4.4 b2 “B0 10
Diversions R o o el . . 30 PR ] . —_— 3 240 - ——
Output
Evaputraspiratwn ______________ 141V 61.3 WU 48 00 3.8 430 3.1 60 %S 120 43 270 e
Stream outflow ________________ %65 37.6 1,360 8.9 y20 30 190 235 100 426 1 LY y20 T42
Ground water loss Lo
wellands or vea ______________ 15 7 i) 3.7 20 16 20 25 15 6.4 6.3 48 1 32
Lround-water
withdrawals':
Torad e eeen 10 1 w) 6 20 16 170 21.0 50 P X 1 1 v 3
Industey ______________.__... 9 - 26 I 3 . 19 —_— 2l —— —_— o w ——-
lrragauion ___ . —- S 3 e - e 143 I 37 - — R O -
Pubhc supply ________________ 1 ——e %6 —e 15 I L} S 2 _— —_ - . ———
" All ground waler withdrawn was d w be for puon since 1L is not available for uther uses.
1000 T T T T T T T
Public Supply
{Puerto Rico Aqueduct and Sewer Authority)
800
« 29—
: 400 |- - T =T T T T T T
< r LIGKT MOUSTRY __ ==~ ;
-l -
s 400} TOTAL WITHORAWAL % 15t P -
] “ ool -
>y
w =" OOMESTICAND |
o
2 GROUND WATER -] 0 N N L N N R '
™
Y = = ! &
o
g 400 T ™~ - T T T T .o_ 50 -1 T T T T T T
o Irrigation S st 4
= E
w 400 o 40}
i s
2 o 38}
€ 200 = TOTAL WITHORAWALS
< < °r (Exciudes self-supplied
- pi| indusiry using
H s 23 loulb"d :
0 & 20}
400 g
e 1Sk
D »
200 - 0
> = s Z
-
o . . 0 : =
1960 1968 1970 1973 1980 1985 1990 1995 2000 1960 1965 1970 1975 19860 1983 1990 1993 2000
YEARS YEARS
A 8

Fut uk: 17 - Water-use estimates. A, For Puerto Ricu: public-supply data provided by the Puertn Ricu Aqueduct and Sewer Authority
(modified from Morris, 1976). B, For the U.S. Virgin [slais.
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province) and ils offshore islands (Vieques, Culebra. and Mona Islands) and for the U.S. Virgin Islands 1975
Puerw Rico - Continued US vinan Istanas
Puertn Rieo s offshore ixlands
East Coast Interor Puerto Ricu v .
province province Islamd Lol teques Culebra Mona DU St Thoma ¢ S dehn
hminr  Percent  hméivr Percenl  hmivr Percent  hm2hr Pervent  hméryr Percent  hm'ar Percent hmeovre Perrent  Pmdar Pereent mmear Percent
Input—Continued
i:’g ;;5\75 10}?:'_' }l_)(_l ls_?f\_) 10w 120 1uo e 1w LN Ty 220 [ItY ¥ lou S LY
Output—Continued /"~
278 3lu 6512 54y 10,156 4.2 110 9.7 24.0 955 3495 uin X 3. é: : S E 4
580 o4 4 4.342 KEA] 5.046 319 i 3.0 7 23 l; ‘ u “ P: \Jj: 31 4 : 7 N 4 "
£l 3.4 ——_——— . a0 1.6 3.8 2.7 J 12 30 12.2 50 2.5 1.2 1 ' il
12 13 16 2 458 2.3 1 L R 2 v [ 13 d <
v —- 4 JR 104 - ——- ——- e ——- - ——- ——- [, -
- - -——— - lm cm-—- ———— ———— ———- _———— -— - - -
¢ - 12 - A — - —— -

PROBLEMS AFFECTING USE OF WATER
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 Rigo.Industrial Development Com-
pany (PRIDCO), : Environmental Quality Board
(EQB), the Puerto JAqueduct and Sewer Authority
(PRASA), the xlilec Water Resources Authority
(PRWRA), the t 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, Puertv Rico|
Sugar Corporation, and heavy water-use industries |

established by PRIDCO exert the greatest influence
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, vperation, 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 ig designated to supervise and control

the cons _ repair, maintenance, operation,
and admini of the potable-water systems.
The po wystemn was defined as “all fresh

water stored™ d collected by the government,
whether in catchments, dams, wells, or reservoirs,
for public distribution.”

Virgin Isiands 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

SUMMARY APPRAISALS OF THE NATION'S GROUND-WATER RESOURCES

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 | mits are not required if pumpage is less than 2 m¥:d for

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 to 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 Isiands, all waters are in public owner-
ship and are subject to sppropriation for beneficial use
as stipulated in C Title 12, of the Virgin Islands
Code. Under this , vested rights are recognized
prior to other fion. Vested rights may be
nullified by the of the Virgin Islands (Com-
missioner of C . -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-

beneficial use.

Under Chapter 3. Title 12, of the Virgin Islands Code,
trees and other vegetation adjacent to watercourses are
protected by law. This reguiation 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 gen the only areas served
by sewers are those within ns.
B faT wastes have been discharged to aquifers

through sinkholes and disposal wells or have entered
aquifers from accidental spitlage (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 dispusal holes in
Puerto Ricu 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 Isiands, 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-

L
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terior Guinea Gut Basin, where potential for ground-
water development exists.

IRRIGATION PRACTICES

Irmigation 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.
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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 hm?3 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 leveis 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

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

The greatest
and ground-water

RESERVOIR MANAGEMENT

Agricuiture is the largest singie water user in the
South Coast province. The estimated ground-water
withdrawal for irrigation (180 hm?®yr) 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 tabie 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

c. 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:gggee water from the soil through
transpiration. sites, surface features,
and historical pie that water was much more
plentiful at now Jiireas in Puerto Rico's offshore
islands and in the U Vizgin Islands.

SUMMARY
The Caribbean Region consists of the Commonwealth
of Puerto Rico (8,990 km?) and the U.S. Virgi
(350 km?). It4 ensely populated areas
in 10N Of approx

ly 3,200,000'peo le. Within the past 25 years the islands
have 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 hm?¥yr in Puerto
Rico 3/yr in the U.S. Virgi 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 hm3. In the U.S. Virgin Islands, small dams
and ponds have a storage capacity of about 2 hm?.

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
aboyt 72 ﬁrcent of the freshwaEr ysed. Of the 350
hm?¥/yr -water wi wal 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 hm¥/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 ragmen 1 rock. It contnbutes 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 hm3yr 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 hm¥yr.

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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will support only minor future development if effective
management practices are not introduced.

In the U.S. Virgin Islands, the most extensive aquifer
is ragmen 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 hm?¥yr to
public water-supply wells and about 0.54 hm3yr to
private wells. Future development of this aquifer could
probably produce an additional 1.0 hm3/yr.

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 valuabie 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 is the climatic element of most practical concern in the islands be-
cause 1t is often insufficient to mature sugar cane in one or two seasons; a
drought of six or nine consecutive months occurs every decade or so. caus-
ing much hardship to the townspeople and small native farmers as weil as

to sugar and cotton estates and cattle ranches.
Since early in the nineteenth century raintall in the Virgin Islands has

been measured in a unique unit ot depth, called the “line”. The reason for
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 Tomme (Paris inch) = 27.07 malli-
meters = 1.0658 inches.-1 Paris line = 2.256 mm = .0888 inch = 1 (4
foot, whereas the Danish West [ndian (or English) line = 3.175 mm =
g inch. It is 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 is especially serious in tropical countries.* We have already re-
ferred to the lack of standards in the instruments and observation pro-
cedures at Virgin Islands stations. and here we must add that where the

i are frequently light and the monthly and annual totals are small
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of measurement are greatest on a percentual basis. The common
2f measuring the catch only once each 24 hours allows some water
gate from the gage before it is read. particularly in a warm windy
The use of a funnel is common and tends to cut down the evapo-
ratiosl. Where most of the rain falls at night. it is better to read the gage
in the morning, and where it falls more in the day an evening observation
hour is preferable : two readings a day would be still better, and best of all
the use of recording gages or the habit of reading the gage after each
shower. It has been shown that a considerable difference in a given

* For a comprebensive discussion see Brooks. C. F.. Need for universal standards for measuring
precipitation. snowfall, and snowcover. Trans. Meet. Int. Comm. Snow and Glaciers, [nt. Assoc,

Hydrol. Bull. 23: pp. 1-52. 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 difficuit 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 soimewhat lower than they
would be if read only in the evening. The hours of ohservation at the vari-
ous stations are not stated or known in many cases and at some stations
they were changed {rom 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). [f we may assume that this error applies roughly equally to
all the gages in the Caribbean region, it may be overiooked 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 aver 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 33 and
70 inches. The absolute range between driest and rainiest years at these
stations is not much larger, however, the extreme annual totals ranging

‘freem about 25 inches to nearly 95 inches (APPENDIX TABLE 1). If we had
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Figuzx 2. Rainfail 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-

. tioms (see TEXT TABLE 4). Rose points out that the middle and western
e gections of St. Croix have somewhat opposite tendencies in departures of
Redirere . fail from normal — from 1903 to 1908 the middle was drier than the
st, 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
¥ (hift 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-
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cause an early book on the islands by Oldendorp (1777) reported a greater
amount oi forest growth than is now found. Although a change ot climate
1s possible, the present condition is better explained by the known destruc-
tion of the forest by the inhabitants. TEXT TABLE 5 shows na perinancut
change in the rainfall of St. Croix since 1832, St. John and Tortola have
the most forests at present because they are too mountainous for economi-

Text TasLe 4

FreQueNcy oF MoxnTiry RaiNFatL Torals GREATER THAN
SPECIFIED AMOCUNTS, ST. CroIx

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

Month Number of years with rainfall
Over 20 lines Over 40 lines Over 60 lines
(2.50 in.) (5.00 in.) (7.50 in.)

January 28 1 -
February 13 1 -
March - 13 1 -
Apnl 33 5 t
May 37 4 11
Juoe 38 19 9
July “ 12 3
August 5Q 22 8
September 57 32 10

60 38 18
November 54 10 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
travelers can readily observe and as one would expect. But rain-gage sta-
tions are{acking at high elevations, except Pearl, Mafolie. Liliendal, Wint-
berg, and Dorothea. Shaw's rainfall map (FiGURE 2) hased 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

4
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Text TABLE S
AVERAGE RAINFALL rur Eacut 10-Year Perioo, 1852-1911 (an INCHES)®
“St. Croix, Virgin Islands” = (Christiansted’s Fort 4 Kings Hill* + Fradericksted's Frainty /48
(From L. Swith)

Period Jan Feb Mar. Apr May June July Aug. Sept.
1852-61 1.90 160 1.68 312 5.53 3.76 351 492 726
1862-71 2.11 1.6S 2.36 1.06 3.38 31.86 3.10. 418 526
1872 81t 285 133 1.57 1.43 416 4.48 3137 4128 528
1682 9t 218 210 118 1.7 jn 3.9 4.06 4.62 492
1892 1901 .16 1.45 1.12 2.18 6133 460 542 4.58 6 81
1902 §14 2.52 23 1.2 2.52 4.16 340 4 5.40 6.92

Total 14.33 11.4§ 10.21 15.57 26.90 24.08 21.95 28.11) 36.45

Average for 60 ycars

(1852-1911) 2.38 1.91 1.70 2.60 4.47 4.0t 3.68 4.70 6.07

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

From *‘Reports of the Virgin Islands Experiment Siation, 1911",
1 Kings Hill was omitted from the averages for Oct, 1878 to Oct. 1888, inclusive.

3.53

27 33uey

= w.3110dn
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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 the island (18300 feet) was visited. he noticed that any large cumulo-
nimbus cloud that had been initiated by rorced ascent at the wind over the
island would lean to the leeward so that mast of the rain falling from it
would fall on the ocean surface semewhat to the lee of the island. In other
words the orographic influence on the raintail was not fully enjoved 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 rainiall 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 thari 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, thg,ax:rag:jnnuaLram?all
probably varies consxdcrably (up to 3 inches?) from blogk ta b ence
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. John owing to the non-homogeneity of the records. Shaw’s map of St.
Croix (Frcume 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

iormal rainfall,* which is just about sufficient for an annual yield of sugar

* 1t is characteristic of the frequency distribution of cither daily, monthly or annusl rainfalls,
that the most frequent value (mode) is generaily 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 suffers 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 1733
the poor crops of 1841, 1864, 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 raintall is slowly and steadily decreasing from century
to century (see Forests and Rainfall). The question of cyclic variations
has not been scientifically studied here, but resuits eisewhere generaily
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. [t 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 TamLz 6

Ni1cET AND Day RarnrarL, CHARLOTTE AMALIE, 1888*

Moath (1388) Total By day By night

July 38.4 26.8 L6

August 112 55.9 1.3
69.0 4.6 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.
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At sea the rainfall frequency is a maximum at 6 A.M. 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.x. affects the islands. or at least their shoreward margins,

causing a
secondary maximum at that hour. No hourly

observations are available
trom 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; FIGURE 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, ve i i i
day have fallen even'in the driest months. In the “rainy season”, from
May to Novw vier and more enduring showers, with squalls or
thunder and %5 at times, are to be expected much mare aften : at
least one s some sort then falls almost every day. Heavy rains
lasting as much aa 6 or 8 hours, even with hrief intermissions, are normally

very rare, but passage of a hurricane within 50 or {0Qmiles can cause enor..

mous rainfall totals (over 10 inches) ina-day or two from virtually con-

tinuous downpours, The high wind during hurricane weather adds greatly
to the destructive effect of the rain.

Some™significant deductions can be made from the resuits of the re-

cording rain gages, in spite of the short period they have been in use.
At the Marine Barracks of Bourne Field on St. Thomas a recording rain
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gage has been operated since 1933. An analysis of the results (arreNpix
TaBLE 12 and FIGURE 10) indicates that the average raintall per rain day
and also per rain hour for each month is proportional to the greatest rain-
tall 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 dav and per hour.
Since February 1940. the Soil Conservation Service has been tabulating
rainfall rates monthly {rom recording gages at Anna’s Hope and Jolly Hiil
estates on St. Croix. An abstract of the results appears in TEXT TABLES 7
and 8. Although the period of observation is too short to give any definite
averages or extremes likely to occur, the figures are already significant. A
study of the tables reveals a closer correlation by months between the total
rainfall and the maximum intensities than between the total rainfall and
the average intensities. This is not surprising because one or two intense
showers probably have more effect on the monthly totals than the more
numerous lighter showers. There is nevertheless some tendency for the
average intensity to be greater in the rainier months than in the drier
months. It will be noted, however, that the average intensity in the spring
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
the spring. This is a curious fact which we have already suspected from
the greater frequency of hail in the late spring and early summer than it
the late summer and-autumn. Over a period of many years the average in-
tensity of rainfall will actually be greatest in the autumn or late summer
because of hurricanes. The important conclusion is that, if hurricanes are
excluded. winter and spring showers probably have as great average in-
tensity as the autumn rains, but the maximum rates of rainfall in short pe-
riods, as shown in TEXT TABLES 7 and 8§, are generally two or three times
greater in the “rainy season’ than in the winter and spring. It is impossible
to infer to what extent this conclusion is justified for all parts of the
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
that a large proportion of the rain falls in light showers and brief sprinkles
(see TEXT TABLES 9 and 10). Many of these light rains are measured in the
rain gages and they augment the total rainfall out of proportion to their
significance for crop growth and for vegetation because they barely wet

o
e
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the vegetation and the t

Text TasLe 7 quickly evaporated by th

RAINFALL INTENSITIES MEASURED AT
Staton SCS No. I8 F. S. Al JoLLy Hiry Estare, St. Croix, V. L.
(From U. S. Soil Conservation Service)

Total Total Average Maximum I[ntensity for Different Intervais PERCENTAGES
Rainfall, Duration, Intensity, Car
Month inches hours* . hr. 5-min. 10-mtn. i0-min.  §0-min.  120-min.
ceeem o] - —_— S — - (Fr
1940
February 0.90 15.02 Q0.06 1.00 0.73 2.35 0.13 - = == T -
March 0.52 1.92 0.27 - - - - -
April 1.97 5.42 0.31 2.00 1.50 0.80 0.50 0.28
May 7.10 30.00 Q.24 3.50 2.00 1.40 1.10 0.7 Moath
June 3.08 8.10 0.38 2.00 1.50 0.90 0.55 0.30 A o
July 2.14 5.1 0.42 5.00 3.50 2.80 1.30 0.65 January
August 3.05 12.37 g.25 J.00 1.7§ .95 0.30 Q.15 February
September 4.19 12.65 0.33 7.00 5.00 3.40 1.40 0.78 March
October 7.47 22.45 0.33 4.50 .78 2.80 1.70 1.08 April
November 718 25.37 0.28 5.00 3.50 .40 1.45 0.90 May
December 3.47 20.28 0.17 3.50 2.25 1.60 0.85 0.45 June
. July

1941 August
January 1.97 5.02 0.39 2.00 1.78 0.90 Q.40 0.20 Sepumi
February Q.21 0.80 0.26 - - - - - Dorober
March 1.33 1.13 1.17 L.50 1.00 Q.50 0.18 - November
Apnl 2.2% 9.45 0.24 3.78 1.50 1.40 0.56 0.30 December

° Intensities of less than 0.10 in./hr. are not included. Year

Text Tanrz 8

RAINFALL INTENSITIES MEASURED AT
Station SCS No. IS F. S. A., ANNA's Hore Estare, Sr. Crotx, V. 1.

(From U. S. Soil Conservation Service)

AVERAGE AND ExT

Total Total Average Marimum Intensity for Different Intervals

Rainfall, Duration, Intensity, X . X X
Month inches hours*® in./br. 5-min. 10-mia. 20-min.  60-min. 120-min. —
1940 Moath
an 0.33 .17 0.13 - - - - -
{_muuy 2.09 17.18 0.12 1.30 1.28 0.7 0.30 0.18
March 0.99 492 0.20 1.00 0.75 0.35 0.13 - January
April 1.58 4.20 0.37 3.50 1.7§ 1.20 0.80 0.43 February
May 2.88 15.08 Q.19 2.00 1.50 0.80 0.40 0.28 Mu.‘h
June 1.56 4.60 0.34 3.00 2258 1.20 0.40 0.20 ,:(,,nl

May
u) 1.17 4.23 0.28 1.00 0.75 038 0.13 - June
.{\u:un 1.75 7.48 Q.23 3.00 2.00 0.80 0.30 0.18 July
September 5.24 6.67 0.82 7.00 5.00 4.20 2.30 1.18 August
October 8.43 22.08 0.38 4.00 3.00 2.00 0.80 0.50 September
November 6.0 14.67 0.41 7.00 5.50 3.30 1.10 0.60 October
December 2.36 1410 Q.17 1.50 1.00 0.45 0.18 - November
December

1941
January 3.67 12.2§ 0.30 4.00 2.50 1.60 0.60 0.38 —-
Fi 0.19 2.50 0.08 - - - - - Year
Madth 1.08 2.83 Q.37 1.50 1.00 Q.50 0.20 0.18
April 2.43 7.2% 0.34 4.00 3.00 1.60 0.92 0.48

¢ These figures are not sun
- year in the period covered by _.

® Intensities of less than 0.10 in./hr. are not inciuded.
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Evaporation

The actual water loss from the ground by evaporation and by transpira-
ton of plants is probably high, judging from the general weather condi-
tions and irom the measures ot ctvaporating puteer of the air made at the
[xperiment Station {see aprENDIX TABLE &). Cunsequently, the roughly
45 inches of measured average annual rainfall in the Virgin Islands is by
no means the equivalent for piant growth of 43 inches uf measured pre-

cipitation in rainier parts ot the West [udies 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 coid 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 1s 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, but these are merely gusts when the trades are blowing strongly.
The West Indian sailor well knows that the squalls are apt to be especially
violent and dangerous to boats along a coast which rises to high mountains
immediately back of the shore.

Hail is rarely reported and most residents spend a lifetime in the islands
without seeing anv. There are enough authenticated reports to leave no
doubt that it falls at least every few vears. even several times in sone vears
in which conditions are favorable tor it. Much hail, with cold and rainv
weather, occurred in Virgin Gorda in January 1833. according to Schom-
hurgk, 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.

5tT. Croix, V. [,

2)
Text TaBLe 9

v for D
* Different Intervais PERCENTAGES OF DAYS WITH SPECIFIED AMOUNTS OF RAINFALL.
SMIN. 50-min. 120-min. CarisTiaNsTED, St. CRorx, 1852-1907
- (From Willaume-Jantzen and Ravn)
3,38 0.13 _
E;Eg ?'fg 0.28 = 20 mm = 50mm
)50 053 5 0-5 mm (0.797 (197"
’ 0.0 Month (0-9.20") or more)} or more)
"-30 1.30 0 _—_— e —
. : .65
gg '[130 0.15 January 47 s 0
30 XJO 0.75 February 64 3 a
VR - A 8 18 ?
. . o] 3
60 0.85 0.48 May 56 10 4
June 36 14 3
July 55 10 2
040 0.20 A 54 1t s
- September 45 15
0 g'ég - tober 4 18 7
e o i i :
-_ ove
Year 54 1 3
- Crorx, V. [
' . Text Tancz 10
|
| AVERAGE AND EXTREME NUMBERs ofF Days wita Rain, CHRISTIANSTED,
T—_—_— .
' St. Crorx, 1852-1907

¢ Different i.ntmals
A 60-min.  120.min, . (From Willaume-Jantzen)

1
0.30 0.13 ; Moath Mean in any one year in any one year
Q.13 i
0.30 0.43 January 1 20 1
g:g g.zs February g ﬁ ‘1)
- .20 March
Apri 7 13 1
0.13 - 5&';1 it 26 3
?‘fg 0.15 June 10 20 4
: 1.18 1 17 4
I8t oo ﬂ:u 11 17 4
) . September 3 1
0.12 - October 12 19 6
November 14 20 4
0.60 0.38 December 13 19 6
920 0.15 7 Year 128 17r* e
- 0.48
T : * These figures are not sums of the coiumns above, but are the extrems totais on record for any one

| year in the period covered by the table,
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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 is 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 hailstorm
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 it 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,
annual averages of bhetween 40 and 60 inches appear reasonable. Om 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 1n 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 wmonths. 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 between
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 easternmost to westernmost points.

Somewhat apart from the others, the largest of the three islands 1is

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 near the 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-

manent StTEAma Of FIVers.

Like St. Thomas, St. John has an extremely irregular shoreline and a
very hilly topograpny. It has a number of peaks over 1,000 feet, topped
by Bordeaux 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 norcth 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. 5t. 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 is 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 economy. —_—

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.

18




REFERENCE NO. 6



. -

TDORAT T

TAT-02-P-04642

TUTU WELL SITE
POTABLE WATER ALTERNATIVES REPORT
ANNA‘’S RETREAT, ST. THOMAS, U.S. VIRGIN ISLANDS

Prepared For:
Carlos E. O0’Neill, P.E. 0SC
Luis E. Santos, 0SC
Alr and Hazardous Substance Staff
Caribbean Field Office
U.S. EPA, Region II
Santurce, Puerto Rico
and
Bruce Sprague, Chief
Incident Response and Prevention Section
U.S. EPA, Region II
Edison, Nev Jersey 08837

Prepared By:
Rodolfo Hafner, TAT IX
James Manfreda, TAT II
Region II Technical Assistance Team
Weston/SPER Division
Edison, New Jersey 088137

December 1988



PN WPVOR U |

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, therefore, the possibilty of
structural damage to these residences.

2.0 SITE DESCRIPTION AND CONDITIONS
2.1 gite 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
Figure 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.

On, 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 well wvater on his property
located at Anna’s Retreat, St. Thomas, U.S.V.I.

Oon 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 water wells suspected of being
. contaminated. These vells vere also reported to have a
strong, unpleasant odor and wvere 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,
Four Winds, Harthman, and Virgin Islands Housing
Authority (VIHA) wvere 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 requestsd 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

4 i g



RED HOOK [ |

FRENCHMANS BAY
N e
—v‘.v‘

seuLpreveNTONS || warw ' l
m EVERGENGY RESPONSE DMSION CARLOS O'NEILr [SITE ggc*gg:‘\sm i
o ]
(2 Association wath ICF Technology inc.. C.C. johneon & Associesss. TAT PM kr.s wvrosws "‘A.‘ID(
lac.. Resource Applications., Inc.. Geos Resource Consukanes, [ne., ) )
and Envwonmenmi Toxicology {asernancaal, loc. R. HAFNER T L e :




WELL NAME NO. W=LL NAME

NO.
1 BRYANS 12.: & WINDS 1
2 RODRIGUES 122 4 WMINDS 2 ‘% .
2.1 EARTHMAN BAKERY 131 VAL - ‘
32 EARTHMAN BAKERY 132 VIEA 2 %
33 HARTEMAN BAKERY 123 VEHA 3 e
41 GENE EGUN i 134 VIHA & ) )
432 GENE EGUN 2 14 ALPHA LEONARD Y }
4.3 GENE EGUN 3 : DEMITRI >
S  HARVEY'S 16 DENCE \&/18 ' i
8 STEE'SE 1.1 DEVCON 1 N
7  MATHLS'S 17.2  DEVCON 2 P
8 SuTE'S 17.3 DEVCON 3 1%3
9 FRANCOIS 18  DEDE %3 .
10 TILLETS 19  LOCKHAR? - 18
12 RAMSEY'S
--RED
_ \_( HOOK
SENCIMANS 34Y N
/‘

D) SPILL OSE/ENTION & § o
AL EMERGEINCY SESACNSEOMISICN | . eaRrcs O'NE-L LOQATION M2

i \amnton vul ICF Tecnackgy (8t C.C.JoANsun & Assoctes.
(.. REBUNITe APPLcILOons. IRC. Ueor Aeource Consuitanta. Inc.
s Eavwonmental Tumcoiogy legrnational, e

TAT PM
R.

HAFNER




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 wvaste oil in an underground
storage tank. The facility has had problems in the
past with leakage from their underground gasocline
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 water.

EPA continued its efforts towards the identification of;
affected vells in the area, customers vhich

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 wvater supply sources.

Sampling of cisterns served by the contaminated wells
vas also performed. EPA directed the Emergency
Response Cleanup Services contractor (ERCS) to; clean
and disinfect the five (5) cisterns which had tested
positive for PCE, modify the existing home plumbing,
disconnect the contaminated wvells, and dispose of the
contaminated water. At EPA’s direction, ERCS also
contracted a local water 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 pericd.

Nine potential responsible parties have been identified.
These facilities included three gasoline service
stations, two vehicle maintenance repair shops, two
territorial govermment agencies, one dry cleaner and
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.

Topography 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 niles.
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The land surface is almost entirely sloping and exten¢
seaward 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 numerocus
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 Pormatjion (an older
volcanic formation) and minor limestone debris from
thin limestone deposited contemporaneously 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 perseable zones that these rocks once may have had
after deposition have been destroyed by metamorphisa or
by deposition of minerals in pore spaces. Groundwvater
movement is nov 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 groundwvater availability,
thersfore, follow the valleys.

Small alluvial deposits ranging from Pleistocene to
Holocene in age, lie in the valley of Turpentine Run in
sast-central 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 stream.
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 narrov valley froa
Mariendal to Mangrove lLagoon in the lowver 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 fev 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 swvamp
deposits. Therefore, the deposits if‘ of minor
significance as sources of vatot'.(

Rainfall{d)

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

ins exceeding 1 inch in
times a _year.
%%&Ww
ese ra can occur any sonth, but are mors like

during the hurricane season (August-November). About
S0 percent of the time is betw 40
S0 es. s 10 percent of the t annual
fainfall is under 35 inches, vhich 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 fev 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
geccurred in 1964 and 1967, when only 27 and 24 inches

g rain fell, respectively.

Axreal distribution of long-term rainfall, is

controlled by topography and the prevailing easterly to
northeasterly wvinds. However, individual storms may
or may not show the effects of orographic control or
prevailing winds and the areal g*atribution of the
storms can be very itroqular“.( See Figure 2-3,

page 10, for average yearly rainfall.
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Sampling Results

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 vells and
approximately 50 cisterns. Of these wvells and
cisterns; 24 wvells and 5 cisterns wvere found to be
contaminated. The S cisterns were cleaned and
disinfected by the ERCS contractor. Subsequent
monitoring has been considered for the 24 wvells that
shoved 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 scresening, 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-dichloroethylene
(DCE), trichlorocethylene (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 shov concentrations of volatile organics
(VO) in excess of 1,000 ppb. The major and most
consistent contaminant appears to be PCE. The Tillet
wvell has also shown very high DCE and BEN
contamination. Pour other wells: Prancois, Mathias,
Rour Winds, and Elgin: were confirmed to have >50 ppb

‘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 TEBME up to 470 ppb,
and methylene chloride up to 120,000 ppb vere detected.
Some samples have also shown traces of vinyl chloride,
chloroform, 1,1,1-trichlorcethane, bromodichlorocethane,
xylene, and ethylbenzene.

Pinally, the HSL analysis also showved the presence of

e i
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TABLE 2-1

CURRENT WELL MONITORING PROGRAM
AND CLASSIFICATION AT TUTU WELL SITE

WELL NAME CLASSIFICATION QPEN/CIQSED
1. Dede Public Open
2. Steele Private Closed
3. BRlgin 1 Commercial Closed

BElgin #2 Commercial Closed
Elgin $3 Commercial Closed
4. Pour Winds Commercial Closed
5. Smith Private Closed
6. Bryan Commercial
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 Pover

13. Ramsey Private Open

14. Harthman Crusher Commercial Closed

1S. Alpha Leonard Private Open

16. Prancois Private Open

17. Demitris Commercial Open

18. Rodriguez Auto Private Open

19. Harthmsan Bakery Commercial Closed

20. Mathias Private Open

~

Definition of Classifications

Private:
Commercial:

Institutional:

Public: Wells that are for public use.

Wells which serve one or two houses.

Wells that are used to yield water for sale.
¥Wells owned and operated by a non-profit

institution or govermmental agency.

-
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By Robert P. Graves and Ralph Gonzdlez : 18725’

Ground-water levels in the Turpentine Run basin aquifer, in eastern
St. Thomas, were measured in 32 wells on September 11, 1987 and a
potentiometric surface 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 was prepared by the
U.S. Geological Survey in cooperation with the U.S. Environmental
Protection Agency.

Fractured volcanic rocks underlie Turpentine Run basin and are NG
locally overlain by alluvial deposits (Donnelly, 1959). The alluvial : qs
deposits can range to 40 feet in thickness. Ground water in the
Turpentine Run basin occurs in the fractured volcanic rock and alluvial
deposits under water-table conditions (Jordan, 1973). The alluvial
deposits are considered to be hydraulically connected with the fractured
volcanic rock., Well depths in the basin can range from 55 to 325 feet ‘ ,
bvelow land surface. 18°20"—
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Several wells were being pumped, or pumping had just terminated,
when the water levels were measured (table 1), These water levels
reilect a pumping or recovery condition; therefore, static water-level
conditions throughout the Turpentine Run basin at the time of measurement
cannot be assumed.

Groat

.

8t James |,

4

[ > B

| |
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Additional information about ground-water levels in the area of
study is available from the U.S. Geological Survey, Water Resources . , ' !
Division, Caribbean District coffice in San Juan, Puerto Rico, Tel, {809) 18°17°
749-4345,

Map of St. Thomas showing the study area. : » V s Sl : m@mﬁ@if
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TABLR 2
PERMEABILITY OF GEOLOGIC MATERIALS®

Approxzimate Range of Assigoed
Type of Material Bydraulic Coaductivity Value

Clay, compsct till, shale; unfractured <10~/ ca/sec 0
uetamorphic snd igmeous rocks

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

limsstone, dolomites, and sandstoms;

uocderately permeable till

7ine sand and silty sasd; sandy 10°3 - 10™5 ca/eec 2
loams; loamy sands; moderately

permsabls limestons, dolomites, and

sandstons (0o karst); moderastely

fractured igmsouvs and sstemotphic

rocks, some coarse till

Gravel, ssad; highly fractured »10°3 ca/see . 3
igneous end metamorphic rocks;

pernsable basslt and lawes;

karst limestoms asad dolomite

*Derived from:

Porous Media, R.J.NK. oy A e,

Freese, R.A. and J.A, Charry, Crousdwater, Prestice~Hall, loc., Wew York, 1979
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94 CARIBBEAN GEOLOGICAL INVESTIGATIONS

the final base map, have good shore-line deail. Mapping on St. John was
done on 1:20,000 enlargements of the 1:40.000 U.S. Coast and Geodetic
Survey map. Acrial photographs of approximately 1:30,000 scale were use-
{ul for some structusal interpretations.

Exposures along the shore lines ranged in quality from excellent to very
poor. Those inland, except in recent road cuts, were almost invariably
very poor. The best outcropy St. Thomas and St. John are stecp
clilfs, which are in places ig ‘graverse. More sheltered shore lines
are easily walked, but rock el ere are much poorer.

Laboratory investigations incldel study of several hundred thin sections,
X-ray diffraction examination of rock samples and mineral separates, about
300 partial chemical analyses, and numerous mineral determinations by
optical examination of crushed samples. About a doten feldspars were
determined by measurement of index of rclraction of grains oriented on
the universal siage, according to the method of Smith (1960). Approximately
100 additional plagioclase samples were detennined by measurements ol
indicts of refraction of unoriented grains. An extensive optical study of the
fcldspars, completed after this manuscript was first submitted, has been
published chsewhere (Doanclly, 1963). Pyroxenes were detcrmined by meas-
urement of n, and 2V, according 1o the method of Hess (1919).

SUMMARY OF STRATIGRAPHY OF ST. THOMAS
: AND ST. JOHN

‘The rock units of St. Thomas and St. John (Fig. 2) can be divided into
three major groups: the Water Island Formation, which consists of kera-
tophyres and spilites; the Virgin Island Group, which consists of andcsitic
pyroclasiic rocks and sediments; and one or more dioritic plutons. The
Water hiland Formation possibly is late Lower Cretaceons. The Virgin Island
Group is probably Albian (although the Hans Lollik Formation could be
Eocene), and the diorites are early Tertiary.

The ohlest rocks in the Virgin Islands are the keratophyres and spilites
of the Waier Island Formation. These vokanic rocks are predominantly
flows and flow breccias, but keratophyric pyroclastic rocks are widespread.
A few of the finegrained tulfaceous beds contain well-preserved Radiolaria
of undetermined age. Noteworthy in the Water lsland Formnation is the ab-
sence of terrigenous sediments. This characteristic, together with their ap-
parently igncous mineralogy, has led the writer to the conclusion that they
are probably volcanic rocks which were extruded on a relatively level ocean
floor, prior to the existence of a trench or island platform.

In contrast 10 the postulated abyssal environment for the Water Lsland
volcanic rocks, most of the overlying pyroclastic rocks of the Virgin Island
Group were extruded subacrially. Both the volcanic and sedimentury 1ocks
exhibit slump structures, and some megabieccias contain limestone blocks
up 10 100 fect long. The bulk of the sedimentary 1ocks in the Virgin Island

it
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(noc.lp arc coarse wackes consisting abmost entirely of slightly weathared
debris derived rom the andesitic pyioclastic rocks. “Ihe deposition ol this

group may have accompanied the formation of the initial island plationm
and trench.

HANS LOLLIK FORMATION (10,000 leel +)
AUGITE - ANDESITE BRECCIA ong *UFF Upper ang
I.-?l contocis nol seen

— TUTU FORMATION (6000 (cel )

!u”AC(QUS WALKE Inciudes neor 1ne base ine
Coki Point Megabreccio litholacies wsar
=2 1he 1op w ine Congo Coy Limeslone Member
Cour rowt ﬁg&' {200 - 300 feet): CoaRSELY CRYSTAL. inE

CONGO Car | T

LIMESTIONE  Top of formotion not siposed v U S istunds

OUTER BRASS LIMESTONE (200- 600t et
:::?;!l(:( SHICIFIED, TUFFACEGUS, RADIOL Aau: )

ISLAND GROUP

(? Albian)

LOUISENHOJ FORMATION (19,000 feet (W St.
Thomos), 4000 feel {E St Thomas), 7000
feel (W 1 JOhn) ) AUGITE- ANDESITE BRECCIA
ond TUFF LOLUE l_l'ACll ol CLEVE) HNaeor 1he dase
k e Cabes Poinl Conglomerale lilhofacies

Wik padbies end cobbd)
Uinstogy obbies of WATER 1SLAND FORMATION

VIRGIN

UNCONFORMITY ———

CRETACEOUS

WATER ISLAND FORMATION (15 0
KERATOPHYRE FLOWS, FLOW BRECCIAS 2.9 ::fr';:)
with SPILITE  FLOWS and minor RADIOLARITES
Intruded By didas ond plugs of WEHATOPHYRE .

Ficum 2. Suatigraphic section for St 1 homas and $i Jobn, Vagin Liad,

Folding aficr deposition of the Viugin hland Group rosulicd Laged
from difesential vertical movement and produced average dips of 0° .nl::n -)
ing fromn 15° (0 Y0°. The associated strike shp Laudts have hoticontal 'uli l:
ol less than 1 mile. Although contac metamorphic clteats 1esubting .lmm :kh:
e{uphccmcul of diuritic plutons arc extensive, the western two |l%nds ol Si
Thomag and the southesn third of St. John are cssentially winnctamorphosed
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WATER ISLAND FORMATION

CENERAL STATEMENT

The Water Island Formation of possible late Lower Cretaceous age
cunsists almost entirely of keratophyse, spilite, and radiolarian wiff. The ex-
posed thickuess of this formatioa is 15.000 fect, based on projection of the
highest and lowest hoiizons -gepsonable correction for lenticularity
might lower the tue thicknayWW dis yaposcd section to 8000 or 10,000 fect.
Water bsland, in the harhos of @hfelotse Amalie, St. Thomas, 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 cxtensively along the south shores of $t. Thomas and St. Joha.

“Keratophyre™, as used here, is an extrusive or hypabyssal intrusive vol-
canic rock comsisting prodiminantly of albite and quarez, with chloritc.
micaceous mineials, and iron oxides. Nearly all of the Visgin Islands kerato-
phyres contain comiderable free quartz, commonly as conspicuous pheno-
crysts. Those with quarniz phenocrysis could be called “quarz Lerato-
phyre” but mnuny aphanitic rocks here called “kevatophyre” are chemically
identical 10 the 10 called “quartz keratophyres” and the simplest term'is pae-
ferred for all these rocls. A striking feature of kesatophyres is the absence of
phienocrysts (or pseudomorphs) of pyroxene, amphibole, and mica. Kcerato-
phyric flows and crystal tulls are sodic, with a very low potassivun comient,
but some apparently vitsic tuffs are slightly more potassic. Keratophyic in-
trusive rocks have a higher potassium content an ' connnonly contain sec-
ondary monoclinic K feldspar.

“Spilite” is a greenish seemingly aliered extrusive or hypabyssal intrusive
1ok, consisting of chlosite and albite, with variable amounts of epidote,
prehnite, and caliite, Fresh phenocrysts of clinopyroxene aie generally
nesent; amphibole and olivine were not scen in the Virgin Islands spilites.
Awmygdules are abundant and commonly contain most of the calcium con-
tent of the rocks as epidote, calcite, or prehnite, with quariz and chluite.
These spilites contain about the same amount of Na,0 as the awgite
andesites of the Louisenjoj Formation, and abowt 0.5 per cont moic than
Virgin Islands diabase dikes. Included with the spilites here is a parially
albitized augite andesite which occurs near the 1op of the formation.

The name spilite has been applied in the past to many diverse rock types,
soine of which may be low-grade rcgionally metamorphosed andesites or
Lasalis. Ocher spilites appear 10 have been unusually hydrous mafic intru-
sive rocks, and many aic dewerically altered basalts or andesites. However,
theie is an impressive body of evidence that many so-called spilites, notably
certain Osdovician, Devonian, and Cretaceous geosynclinal spilites, have
characueristics which can be best explained by assuming an essentially mag-
matic origin for these rocks. It is to this lauer group of rocks that the Water

Island Foration spilites belong.

- ———— seemy -
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Such spilites may be thought of as 1ocks which have formed by albis
tion of andesites. However, this process is believed to occur during a late
stage in the solidification of a hydrous mafic magina and is not cansed by
later metamorphism. Given a certain combination of physical and chemical
conditions, spilitization of mafic extrusive rocks is mevitable. Hence the
term, applicd in an admittedly resurictive genetic (hence subjective) sense, i
a weful one and shoukd be retained. “The author admits that low grande
metamor phism may obliteraie 1he mincialogical crieria necessary for the
recognition of spilitication. Chewmical analysis of o Luge and cuclully
selected suite of specimens might reveal wheiher or not the mctamaosphi
rocks in question had been originally spihitized, but such analyss might il
Lail 10 do so, and thie term should be apphed with care w sich rock siites

KRERATOPHAVKRES

Introductory statement. Kevatophyie compnnes about fome hiths ol 1,
Water Isbland Formation. Mast kevatophiyre ocous as thows and How bicd i,
with minor ufls, both arystalline and vinic (the Latier abways devitribed) anil,
rarely, volcanic ieccias. Keratophiyric intrusive yucks aie tior unconnuon,
they occur as both dikes and plugs. commonly winh very well developed
colwmnar jointing.

Karatophynic flows e generally tens of feet s thickness 1en (hik o,
are complerely exposed fiom 1op 1o base; those which are well ovposed e
striking only for their textural unifosmity. Baking and chilling phcnomen.s
are absent. Flow banding, wsually someschat contorted, is seen o ally (I3,
fig. 1). Comadts between flow wnits aie commonly diflicult 10 wlenuly .y
such, and attitudes of the flows are not always easily ascertained

One 1hick h-r.uulnln)nc flow near the base of the section, on Ram Flead,
St John, shows gopd fickl and petragraphic evidence of vertical dilferenoa
tion. The llow is about 165 fect thick, and near the center 1 1eddihe gray,
grading 1o geecnish gray downward and upward. Pevographic diferences will
be discussed Later. “Vhe color change observed in the hield would appe.
10 be aclated to o diffcsential degiee of oxidation of iron within the flow.
which is probably yelated o 1elstive concentration of volitiles anthe flon
center during cooling.

Kcr.‘lloph)'lc flow bicccias, occunning w discrete bads, mie probably o
common than flows in the kerntophyre sequence but are difficult to dis-
u‘nguish hom flows. The manix of the flow brecciny can hequenddy b
distinguished fiomn the fragments only by carclul sciuning of the om vop; the
pating ol weathcring which covers o beratophyies clfedtively obscures
the fine details necessany 1o 1ecognize these rocks. Fraginents in flow brecdiag
ae subangular 1o subiounded. The matrix is almost identica! 1o the hiag
ments in polished section; however, the matrix weathers more vapildly, o
in outcrop a flow breccia will appear vougher in gross tostine than w fow
A few flow breccias consist of both bertophyre and spalite fiagments. One
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such occurtence (sample GSJ-2, near the west end of Great Si. James lsland)
is 2 100-{ootthick bed of keratophyre and spilitc subble with a few lime-
stonc fragments 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 Isfand Formation, although many
flow breccias have rounded as well as angular fragments and, when weathered,
rescinble conglomerates. 0.,# &t (sawmple ST-274, Lisenlund, St.
Thomas) woulld undoubtedy*he! a conglomeraie by most fickl geol-
ogists, but unweathiered specimens found 2 shont distance eastwand along
the suike show the igncous matrix very cleatly.

Tulfs and volcanic breccias form minor but distinct uaits in the forma-
uion. Tufls (grain sice less than 32 mm) are much more comumon than
breceias and occur as beds only | or 2 feet in thickness. None of the welf
uuits could be demonstrated to have a horizontal extent greater than abowt
half a mile. Grading is visibie in the twff beds, although this grading is
comingnly interrupted by diastens representing the action of water currents
on the sea bottom. Slump siructurcs, generally in the form of contoricd
bedding, aic uncommon. Many tuff beds are silicified, although the original
pyroclastic groundmass is recognizable in thin section. Appasently the origin-
ally vitric groundmass of many tuffs has aliered 10 finegrained mica winerals;
muscovite > the most widespread, and celadonite and stilpnomelane have
been recoguized.

One of the best exposures of a keratophyre breccia is on the cast shoie of
Lameshur Bay, St. John (sample §]-7). Here 2 bed several tens of feet thick
consists of angular fragmenis of keratophyre a few mm 10 5 cm in a seddish,
hematitic matrix (Pl 4, fig. 4). The hematitic matrix contrasts with the
more neutral colors of most other keratophyre Rows and tufls in which
hematite is generally subordinate to magnetite.

Dikes and shallow plutons of keratophyre occur thronghowt the fonma-
tion, but arc most conspicuous in the hills southwest ol Chaslotte Amalie,
St. Thomas (Haypiece Hill. Grambokola Hill. Sara Hill, Cabriraberg), in
the vicinity of Nazarcth Bay, St. Thomas, and in the vicinity of Hollman and
Mt Zion, St. Thomas. (Mt Zion itself, however, is underlain by another
type of imrmive 1ock) These bodies commonly exhibit columnqi jointing
perpendicular to the cooling surface, and examination of the joints pro-
vides a means of yeconstructing the shape of the intrusive body.

The hills around the Submarine Base on St. Thowas (Cabritabeig, Grawm-
Lokola, Haypiece, and Sara hills) are underlain by one or two intyusive 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 joints around Haypicce Hill strongly suggests the nesence
of an inwusive funncl beneath this hill. The joint paticin beacath castein
Sara Hill, on the other hand, would appear to suggest that the floor of the
intrusive body is sublorizontal, inegular, and shallowly dipping here.
The intrusive-extrusive confact ncar a probable vent at the southern cnd of
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Cl.'.llllllulul.l Hill as moderaiely sicep. On Calnnaberg Bl ihe colunn
joints are neawly hovicontal or shullowly dippang wowand the soudhaan e
of the intrnsive Loy, but are neanly vertical approximately 300 dect nonih
of the southern contact. An outcrop of extrsive rock, evulbenddy o
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just underncath the antrusive body, can be seen along the shue just soinh
of the Caribbean Hotcl. Thaie the intrusive body was probably fud thiough
a steep conduit at its southern end, and spread nothward as a 1oughl,
conformable sheet. 1t 1, not known whether or not this intrusive baody
connects with the othies onc at shallow depth

The occurrence of inmrusive kaatophyre in modeiatcly bage bodies 1o
ward the top of the scction may rellect a subide upward change m litholugy.



14 CARIBBEAN GEOLOCICAL INVESTICATIONS

wure optics). and rare biotitic wmica and a2 mafic mineral which has altered
completely to a hne grained, very red substance. This could be either
iddingsite, bowlingite, or some other clay mincral or combination of
minerals. The glass (ragments have diffuse outlines and could be shasds.
In no case, however, has the degree of prescivation revealed the outlines
of the original glass l1agmenis. The appearance of these beds in thin sec
tion is very similar 1o the ply. devlerificd tullaceous beds found in ex-
plosive shyolitic suites,: bnm explosive origin is not cstablished by
penographic evidence.

SIRATIGRAPIIC VARIATIONS

‘The Watcr lsland Formation is 1cmarkably wnilorm, comsisting thiough-
out of sbout one hilih spilite and the remainder keratophyre. ‘The lower poy-
tion of the formation, seen best at Ram Head, St John, and on Gieat St.
James Island, consists dominantly of thick ketatophyre flows with iater-
calated spilites. Breccias and pyroclastic 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 Charloue Amalie, St. Thomas, and on
Water Island itsell diters principally in the greater percentage of pyroclastic
units. Around the intiusive bodies of Haypiece Hill, Grambokola Hill, amd
Cabiitaberg, the formation is dominantly pyroclustic, with only a few thin
Leratophyric flows. On Flag Hill, suatigraphically slightly lower than these
pyroclastic 1ocks, a strikingly thick pysoclastic unit is intercalated in a
dominantly flow sequence. No mineralogical distinctions between the lower
aml upper portions of the formation can be seen except that near the top
of the formation thee is one occurrence of oligoclase and albite with
high-temperature optics, and theie ave three occurrences of albite with
optics which deviate significantly from the low-tempeiature state and which
have been called quasi low-temperature optics (Donnclly, 1969).

ENVIRONMENT

The most striking featuse of the Water bland 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-
\ant feature of this unit is that most of the volcanic rocks, except for the
uppermost 5 per cent of the formation, are fows. The pytoclasiic rocks
themselves consist entirely of relatively equant, angular [raginents, and
shards or pumiceous fragments are not scen. The quicscent eruption of
apparently hydiated magmas must indicate that these magmas weic
crupted under a confining pressure of superincuinbent sea water approxi-
mately equisalent to that of the deepsea bottom, which is sufficient to pic
vent the explosive expansion of a magmatic gas phase. Hydraed magnas
crupted in this cuvironment will experience separation of volatiles il the
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partial pressure of these volatiles excceds that of the sea water (about 500
atm at 15,000 fect). The expansion of these volatiles, however, will be in ihe
order of a lew times, not many thousand times, as woulld be the case if the
magmas were erupted subaerially or in shallow water. Abyssal pyroclastic
rocks will not be fosmed by explosion but by relatively guict expansion ol
volatiles and sudden chilling by sca water. Dispersal of pyrachastic lragmens
will probably be effccied by slow moving bottom cunents, o comective
cusrents initiated by the sclease of heat into the sca water. “The absence ol
terrigenous sclimentary 10cks indicates that thete were no emcigent islands
which could have servad as ahe somce of weathered dewitas Slomp
structures or other evidences of deposition on slopes are present but ave
not abundant; in contrast, ncar the top of the fonmation theie are several
stiiking occuniences of evenly layered pyrodastic kevtophyie with no bed
ding distmbances. Evidently this formation accemulated not only in abys
sal depths but alse on rather flat sca bottom. ‘The appearance of slighaly
morc explosive eruptives only at the very top of the Formation shows that the
sca bottem may have been subsiding during the gieater pare of the ac
cumulation but that subsidence was not rapid cnough o maintsin a con-
stant water level at the eruptive centar of the accomubated volcmic deposit
Alternatively, regional uplift near the end of Water Island time coulid hand
been respounsible for the apparent shallowing of wata

VIRGIN ISLAND GROUP

LOUISENNO] FORMATION

Introductory statement. Unconformably  overlying the Waer hland
Foimation and cropping ont on about half the Lind vea o Se71 honas and
St. John is the Louisenhoj (L.oo ¢ zan hoi) Foimation, named for excellent
exposutcs in roumd cuts in the vicinity of Louisenhoj, just nornth of Clianlotee
Analie, St. ‘Vhomas. [Uhis thick scyuence is predominandy augite andesite
And varics in mode ol depasition hom pyrockistic (o q:id.mi(. The mast

mum appaicent thickness taversed is about 13,000 fect, but a reasonable
corrcction {or lenticnlarity might reduce this compured thickness by a ghivd
or more. Cleve (I871) Galled aliis vk type “Blue Beadh’™ and tis naomie s
peisisicd: all of the natives of the Vigin Blands ate Lomitiar with “Bh
Bitch” or “Blue Bie”

The formation is thickest and almost entitely pyrochistic (Jucally 1enorked
tufl beds are considered essentially pyroclastic) in western St Fhomas 1o
castern St L homas the Toomation is mch thinner (000 {ect) and s com
posed almost entively of coase stomped and reworked pyrosbastic et
probably originating from i snuall subacrial cone. In western St John |lu:
formsation s thicker (7000 fect minimum) and consists prodonmanely ol
comse cone debis. Figune 6 shows aninterpretation of the conhitions w hich
tesulted in this disnibution of vock types and thickiesses bvidence fon the
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postulated Pillsbury Sound eruptive center is based on the cosrsencss of
volcanic ejecta in nearby western Si. John and eastern Si. Thomas, on the
presence in Pillsbury Sound of a dioritic pluton, and on the necessity ol
finding the nearest 1casonable source for the lithic framents in the Lonisen:
hoj Formation of western St. Thowas. In westein St. Thomas (15 miles from
the presumcd cruptive center) occasional angular blocks 6 inches in dian-
etcr are found in the ash beds, which themselves tange from fne
fragments about 1 inch long.

The coarse cone delnis is most stiking in western St fobn and castern
St. Thomas. In westan St John 1Moot blocks of what st have been
subaciially depuosited ash from the slopes of the cones ane Tound mined in
coawse conglomcratic beds. Near Mandal in eastern St. Thowas Luge frag
ments of what may have been a subaerial andesite flow are seen m brecdias
of debris eroded from the cone. At vne locality fragments of How up 1o 2
fect long rest in a manix of finer waterial, Many of these fuagments biroke
apart just priot 10 cessation of transport, and theis bioken outlines can be

matched in outcrop. Fhis is the only probable flow material identified in
thisformation.

At the type locality the formation consists dowinantly of Leds of coarse
andesitic il which, like most of the wif seen,
The beds are typically 6-12 feet thick and have Lair grading with the coarsest
material (rarely coarser than about 3 inches; a few blocks o | foot) near the
base. These Leds commonly show Luninar slimping (Figs. 7, 8)
striking featuwie of 1his slumping is the abundance of poll apan”
the frequent intennuptions and 1eversals of the grading Vi Lo
slumping is a very characteristic feature of the Lonisenhoj Formation and
apparently fosmed as follows: wn ash fal} was deposited undersater (Fig 74)
on a slope and developed fair grading, interrupted occasionally by a lnge
angular block which depressed the bedding below it
becaine cohicsive more rapidly duan did the coarser
colicsive, coarser material below slumped (Fig. 7B), «
veloping within it fragments of the more cohesive,
above. The flow was rarely rapid enough 1o become
apart beds have neatly all ictained an orientation parallel 1o the bedding
During this process of slump the giading lost its original mrangement, and
the caarsest natcrial is commonly found somewhat above the base of the
unit. Additional cvidence for depusition on a slope is the ucarly ubiguitons
slump structures scen in fine-grained wulfs in the lonmation

Pusely pyroclastic beds are not always easily distingnished fiom il beds
which have slumped and fiom beds which have been mote or less teworked
by water currents. Courser pyroclastic rocks usually exhibie the fraginent
angularity, the uniformity of lithologics, and the appaently igneous
matrix which one associates with ash eposits, whereas finer ash beds ge-
semble volcanic wacke. 1he over-all aspect of this formation suggests aesial
ramsport and subaqucous deposition of Pyroclastic debnis. Tramports.

was apparently water laid.

T he most

Fhe hime avh on 1op
ash below  The lews
arrying on it and en-
huer grained material
tnbulent; the pulled-
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Cabes Point Conglomerate lithofacies. Near the base of the formation
in the vicinity of Cruz Bay, St. John, and Cabes Point, Pearson Gardens,
and Bunkes Hill, St. Thomas, conglomerates are interbedded with andcsi-
tic pytoclastic and epiclastic rocks. These conglomerates consist almost
entirely of well 1ounded kesatophyre cobbles and pebbles derived from the
underlying Water Island Formation. At Cruz Bay, however, these conglom-
erates are more or less mixeyd with sitic debnis, suggesting that sub-
acrial erasion of the cone deguyhe’Sme) Shat of the underlying keratophyic
beds were simultancous. At Peint the conglomerate is composcd of
wellrounded and fainly wellsorted keratophyre and spilite cobbles and
pebbles. These conglomerate beds appear to have been deposited in
shallow water, and were not products of tubidity-current deposition. They
ate well sorted, are not graded, and have relatively little marrix. Their
presence indicates subaerial erosion, transport, and deposition of older
rocks duting early Louisenhoj time.

Water Island.1 ouisenhoj contact. There are few places where the
contdct between the Water bland and Louiscnhoy Formatious is well
exposed. In St. John there is one excellent exposure of the cantact along
the west shore of Monte By, and there are poor exposurcs at Klcin
Bay. The exposuie on Monte Bay shows a conglomerate of the Louiscnhoj
overlying a spilite bed. The spilite is quite fresh at the contact, and the over-
lying conglomcrate contains a wide assortment of Water BLiland lithologics
including, however, very few rocks identifiable with the underlying spilite.
At Calvary Bay, St. John, theic is an exposwie of a conglomerate of the
Louisenho) Formation overlying keratophyse.

On St. ‘Thomas the contact itsclf is poosly exposed, but an extensive ex-
posurc of Louisenhoj beds above the contact at the headlands between
Brewer's Bay and the airport is of great interest because of the extent of
apparently contemporaneous 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.ray
diffraction). The albitized plagioclase phenocrysts evidently withsteod the
weathering almost perfectly, but the entire mafic part of the rock has been
converted to oxide. Other units consist of varicolored fragments ranging hom
deep 1ed to green, evidently reflecting diffcrential susceptibility to weather-
ing. Still other units consist of greenish or grayish fragments in 2 uniformly
puiplish matrix. The basal subaerially wcathered unit is less than 100 fect
thick and was found at only this one locality. The color of the beds somewbhat
resembles that of the weathered hydrothermally altercd rocks (discussed in
a following scciion), but the latter grade into whitish unweathered rock
within a few fect of the surface and are minesalogically quite distinct. The
extent of this weatheiing is completcly unlike any recent weathering of any
rock types in these islands and undoubtedly reflects weathering contempota-
ncous with original dcpesition.
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Another occurrence ol contemporancous weathering is poorly exposed
Wintberg Hill, St. Thomas. The poor unatmal exposmes, which e ol
lighily mctamoiphosed sock, weie oviginally thought 1o be ot hydiadhor
mally altesed rock. However, 1ecent (1963) excavations for voud comstinciion
revealed the originally weathered nature of these 1ok

Mineralogy of mafic fragments. The principal munceabs townl in b
fragments ase plagioclase, clinopytosence, losite, and pumpellyite, amd abo
matrix and opaque minerals.
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rLAGIOCLASE: Most phenocrysts of the Louisenhoj andesites are labisdaite,

about Ang, (Fig. 10). Near the base of the formation many pyroclastic 1ocks

conuain a distinctly more calcic plagiodase (Angy to about Any:) Sume of
these pyroclastic rocks contain both bytownitic and labradoritic fragments,
but a few contain only bytownitic (or anorthitic) fragments. Vhe feldspars aie
sharply euhedsal and slightly zoned. They show abundant simple twinuing
and some albite twinning. Groundinass plagioclases and plagiodlases in the
matsix of coarse pysoclastic socks are very fine grained and cloudy. Many
ate distinctly miore sodic than the phenocrysts and range in caldiom content
down 10 Any, . In many lapilli wulls, the only feldspar found is alliite (An,);
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composition of the more siliccous dillerentiates. ‘The experiments of Yoder
and Tilley (1962) show clemly that at water pressures greater than abouwt
1000 Lats, material of basahic composition should bz converted to a mix-
ture of humbleade and plagioclase at subliquidus temperatunes. As the
temperature rises the material will begin to melt, with the plagioclase
Leing consumed first. The first liquids produced will be highly felsic and
siliccous. ‘The compositional wepd of liquids produced at successively
higher temperaties has not peen experimentally deterpined, but a com-
parison with the analogous pyocstiure in anhydrous cases (generation of
busalt) suggests that hornblende will take the place of diopside as the
dominsnt mafic phase being consumed dusing the greater part of the mch.
ing. The hydrous liquid wight, therefore, be more eariched in Si than
would comparable liquids coexisting with diopside in the anhydrous case.
“Lhie extent 10 which residual hoinblende might control the compasition of
the liguids will not be easily evaluated until these hornblendes can be
collected and analyzed, but this consideration might prove to be pivotal.

The quantity of keratophyric magmas generated is perhaps the only
tcally scrious objection to the hypothesis of generation of this entire suite
from the upper manile. The quantity of siliccous rocks is unknown, but
geological inference (cxposed atca of Water Island Formation, which is
about 80 per cent Leratophyie) combined with geophysical information
(seismic refraction and gravity) suggest that the Water Island Formation is
a prism about § L thick, extending pethaps 40 kin in an east-west direc-
tion, but quite possibly thinning to the east, and extending perhaps 20 km
in a north south direction. This volume—4000 cu km, or 3200 cu km of
kaatophyie —is probably a maximum, because possible thinning 10 the
cast and 1o the south was ignored in the calculation. If fusion ol 10 per
cent of the upper mantle might yield a keratophyric liquid, then 32,000
askm of upper manile were fused during this igneous cpisode. If the depth
of fusion was 10 b and the casi west haricontal extent of fusion 40 km,
than the horizontal dimension of the fused zone in a noith somh direction
must have been 80 bin. These figuics may be off by an order of magnitwde
or mote, but they cmphasize one problem: the gencration here of siliceous
magma fiom the upper manile may require the partial fusion ol more ma-
terial than can directly underlie the vent, unless the fusion extended 1o
great depth. The explanation {or 1his seeming paradox is as follows: Dwming
the orogenic process compression and thickening of hydrated Caribbean
aust amd upper mantle carricd this material into the orogen from a con-
siderable distance perpendicular 10 the axis of depression. The orogenic
magmatic process then can be compared to a mill to which is fed [resh, hy-
drated wpper mantle, and from which two products, magma and mafic e
stdanin, are ranoved, the firse thiongh ascent and eruption and the second
thiough gradual displacement doswnward and eventually laterally. The
atnount ol kavstophyie erapred might have sequined lateral shovtening of
about 80 han in this area. The guantity of siliccous igneous rock scen here
1 lar in excess of any that has been recorded in similar orogenic zoncs, and
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the Virgin Islands may be an extieme example of 4 process which has ac
curred 10 a lesser extent in many places at many times. Clearly our knowl
edge of the composition of upper mantle is (0o limited at this time 10 assess
this problem further.

The writer (Donnelly, 1964) also pointed out that the generation of 4
sccond. sirengthless phase (aqucons, or hydiawed silicate mcelt) during
orogenic thickeaing would have profound  struciueal implications. T he
volume in which this phase was generated would become emsentially
strengihless, and the siructural process would be expecied 1o change from
2 relatively mikd thickening 10 a more violent movement along an exten
sive shear. The consequences of this movement would be that the island
plallo.un would be raised to an cmergent Jevel, and possibly an adjoining
oceanic iench would be formed. The elfect on the gencration of igneous
melts would be that the rate of depression of mantle material (and the
rate of heating) should be increascd grealy. After this profound strucuural
CPISO(]C, the gencration of magma will be relatively rapid, and the propor-
tion of mafic 1o felsic mnagma high. The restriction of abundant sili(c'ous
magmas 10 the carly stages of otogenic evolution is consistent with this
idea.

In conclusion, the following points scem well established. (1) T'wo types
of chemically unifoim magmas were generated throughout the span of
geologic history of these islands. (2) There has been interaction of crupted
magmas with the environment in the case of alkali exchange i extisive
keratophyres. Other possible exchiunges have not been established, exce ]
that a few samples of highly metamorphosed keratophyres e h':cu inln-
poverished in allalics. (3) The siliccous nugmas icpresent nary (Q Al Oy)
melts derived by partial fusion in a dominantly sodic cnviramment ::n.l moat
probably, in an environment with considcrable calcinm. ] he l.uc; bebavios
of this presumed calcium remains one of the imporiant anomalies Tl
parent material, for diverse reasons induding geophysical and chemcal e
dence, is considered 1o be upper manile. (H) The mafic maginas are chemi
cally simifar to so-called high-alumina basalts typical of O10genic 1egions
gencitally. The high magnesium of the spilites resulis from its generation
lrom.a material largely depleted in iron by abstraction of keratophyre (5)
The increase in aluminum with time and the higher nonmane Ab/Q ratio
of the !aler qflanz-m.\dcsinc porphyrics of the second group muy indicae
generation at increasing depth with time. (6) Crystal seuding and assimila
tion of wall rock wese probably of litde importance in the gencrar
differentiation of this suite. s en o

SUMMARY OF GEOLOGIC: AND TECTONIC THST '
Y OF OGIC :C : STOR
OF THE NORTHERN VIRGIN ISLANDS \

The tectonic evolution of the Puctto Rico Vigm Llouh e by al
1eady bcen discussed by the writes (Donnelly, 1961). I he lollowing accoun
summaricng the geologic histury of the noyihern Vigin blands elucidares

amoani .
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these ideas but inttoduces no new concepts. The n‘mjor cast-west fanle
deduced bargely fiom gravity evidence was not |‘c(ugnuccl at llnc.llmc lh'.al‘
paper was prcpared; however, its existence requires no modification ol the
ideas presentedd. o 3
The beratophyies and spilites of the Wafcn Liland |'0llll.lll0!l ware
exuuded on a relatively flat sea bottom, as imllc;m:tl Ly lack of tenigenous
deuital sediment and paucity of slump struciures in most mll;ucufu mml:.
A major cast-west high-angle ‘Guslg inferred hiom gravity data \v.;s |:u
ably the lucus of cruption of these magmas as well as most of “c|-i“ﬂ
magmas. Movements along this (aukt simull;mufns \:‘Illl eruption bed 10
accnmulation of the Water hlad socks in a basin .wnlu a sharply defined
northern edge. ‘thee is some evidence of shallowing ol‘llue walcf ‘Icw:l
toward the end of Waier Island time in the greater proportion of mll.uc.ous
Levatophyacs at the very top of the uclion: The end of Water -Is!‘f.‘d time
was marked by abrupt emeigence, possibly in parc along the major ld?l-\?ﬁl
fault noted previously. This movement, us well as n.olfscqucm ‘lill()\.lll.lt:;h.
along’ this fault, was of an opposite scnse 10 l.lnc on.gmal movement: ui
nonthern side went down. Overlying basal Lomscl!hol beds were |Ic'|)osum'
subacrially and weathered 1o form a brick-red soil completely tmltk‘c :mc)'
that are forming at the present time. In(crca‘hled conglomeratcs Io ll,:sc
dominamly keratophytic clasts which are especially a!mndam near the base
of the' Louisenhoj show that there was a rather persistent tlnﬂ'g'l.;lll m» «
atca of older rocks exposed at this time. S.Im’r sn,bsul.encc a ‘:-[ c:uo_l
lLonisenhoj tine is reflected in the .gmdnal dmunullqn in al‘mult .‘n‘llu:i‘rh
conglomeiatic units, the finer grain size .ol the pyroclastic dcl!)osus'.ulhc -
reworked cquirvalens, and the incr.easmgly cxccllc!n grad lngl;) £
beds toward the top of the formation. .Thc.ovellymg Oul:,t. ' ra;s. -
stone represents alinost complete voleanic guicscence a.ml subsidence
the level of effcclive wave erosion of the oldc't u.xk units. —
The beginning of Tutu time was the bq?mmng of renewerl a i 'cn'cmi”’
vertical movement, with newly cicated or sejuvenated steep slopes she |,
wackes into water of unknown depth. Emcigence of past ol.cluf sou-m.
area is seen in the sbundance of partially weathered ‘Loumulnlu] I:.uf;u?u:;:s'
among the dewital component of the Tuu Foun;uu?n .;n'ul u{glf '-t| m'.i;l
calated blocks of fossililerous limestone of ""f Coli !0"\( Mega nc:‘_
lithofacies. A bricf period of ncar-emcigeuce iy secn in the (‘.mlg(.b....ly
Limestone Member. The rccrystallization of this unit is 1o o':\.lclllslu.. :c:
have preserved any of the diagnastic petrographic uiteria \‘I'II( ) llll!;‘:‘
huve revealed samething of its cnvironient of (Icposn'mn. but its .u;afs:n .
ness and ncinly puae calditic mm|u;\il|,ia.m shows st it st lune e i
it of nean by puie sheletal debais ) )
b"l.ll::::\{‘:: '\ ul(aniu:llullcl Tutu time is seen in. the Illi'cl ;mgﬂ.c':mflc.\;l.c
pyroclastic socks of the Hans Lollik l"unu.u.mu. .\‘lljlclzilm{.'.l(.l") this
aslesite appears 1o be identical 1o thin o! the l.uum'.nlm] Fo .ufn.u‘ s
Post Haus Lollik Foumation histary is obsane in the American il
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;u.ld has been treated in more detail by Helsley (1900 thesis) in the Baanish
Yugiu Llands. A date of Middle Focene near (he top ol the Tortola Fonmg
bion (which includes the 1, Lolik Formation, il by flebley o
m‘cm_lm'. i the British ishandls) establishes the age ol the uppes Pt ol e
Vitgin Islands Group. The Luge hatholith in ihe Bustsh istands intaud
the Tortoly Fonmation and is apparemly contemporancons with the o
lossiliterons Necker Foymation,

Horicontal forces of ANy oricntation o1 sense cannot be shown o e
played an imporiant aole any stage dwang the evolution ol this ses
Nc;n.ly all ahe snuctnal rebationships: observed, s well as the physical
sttangiaphic chatacter of the 1ol s, can be more caly explained on ghe
basis of ditlcremial vertis al wovements Many fault planes acoss which

siuch movements occn el may have continued 1o be the logi of faule iy
Placements fiom Crctaceous o eurly ‘Tatiary time
ent.¢

coand even o the pres
The problem of the genaration of the
that of the stuctinal evolution of the wic. The generation of all of the
wagmas is considered (0 have occunied as a result of the more or Jess pa
tisl fusion of hydrated upper nantle maerial, identical 1o g fresently
found beneath the Caribhiean Sea at depihs between 5 and 15 o 20 Ln
below the sea floor. The large volume of siliccons Leratophyie, and 1
lesser extent, the volume of bater mafic 1ocks, g
mantle over a hoiizontal extent considerably g
memsions of the owmaropping rock units. If (he fusion was limised e
hydiated 10 10 15 ki of upper mantle, then the only adequate explan.
tion for the volume of magma erupted is that hoiizon
ported adjacent, unfused mantle into the orogen,
beated, partially fused, and then its reh
downward and laterally.

'l.‘he evolution of this portion of the Wesy Indics iy basically e 1sponse
of juxiaposed, physically contrasting Plates of cruse and upper naatle 10
an applicd horicontal force. Failue along the join between these plates
resulted in thickening and downwin ping in the initial stages (Water Dland
tine), followed by compressive failme, the formation of
hull.sys(cm. and rapid uplift, which formed an emergent iskand platdon
(Lou.lscuhoj tinie) and, most probably, an adjoining oceanic uemh Funthie,
application of compressive forces cavsed further (hie Lening and continned
cmergence of the island plaform. Thae iy no evidence in qhe Virgin
Islands (hat submergence of any magnitude ever occuned alies Ware)
Bland rime. Magma was generated by the partial fusion of hydiated uppe
mantle; the proportion of siliceos and niafic magais at any rime
the rate of deformation and (he vate of temperatue yise.

The castern Greater Aniille

SRS IS BNCN T ably huked with

o
juires the fusion of uppe
cater than the present o

al movementy 1
where it was depressail,
adtory roidunm sty displaced

ML Jevense

teflecns

$ 15 4 unique exhibit of (he salicnt featuney

‘See limnnoie 2, page 140,
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of the canth’s island arcs. This arca has ncver been blanketed with the
thick tenigenous sediments which have modified and Jater .guidul the
stractural evolution of mwost osogenic rcgions; it represents instcad the
direct intcraction of oceanic crust and orogenic forces. The failure of these
rocks 10 have been metamorphoscd and their subscquent exhumation if‘ a
ncarly pristine condition ase probably the result of a lucky geological
sccident—the developiment of an egtensive sicikeslip faubt system sotnlu of
the island plaiform along which were resolved the bulk ol the post-Eocene
deformative forces. Within the bland platiovm, the dominant tectonic
forces bave been dilferential vertical movements caused by thickening
depth. Aliough none of the structural or petrologic cunclusionf detived
from this study can necessarily be applicd 10 any other ipCCl.rlC arca,
nevertheless certain observations cannot fail 1o raise scrious questions con-
cerning long standing geological hypotheses which have not been seriously
yuestioned inrecent years.
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=STIMATED NATER JSE /IN ST. THOMAS.
U.S. /IRGIN ISLANDS.
JULY 983 - JUNE °984
gy
Heriberto Torres-Sierra and Rafael Dacosta
/NTRODUCTION niv .sout CTarcentc L.‘.t‘:e
sater ~rocucea I =cceunted or.
~ater use ‘ata withdrawal Tost.  .ue I3 Lusses irom
ind veturn amounts) "as ciwavs -earage :n :the  Iistribution
~een zhe ~ost Jirficult =iement svstem instaiied In (949 (Priede~-
> cerine in  che -wdrecicgic sedgwick, Inc.. /%), 'ther
swcle.  The -~eed rt~ etermine losses are ue 3 unauthorized
che amount cf warer used Co meet connecticns, Iaultv meters, ind
~ublic, -ommercial =nd lomescic uncontrolied pudblic faucets
~eeds among :ther ises is rrig.e 2).
2ssential wnere the available
supply is inadequate. In St.
Thomas, ..S. irgin Isiands, WATER SOURCES AND USES
where streamrilow occurs mostly
during periods BY+ intense The orincipal soyrces and
rainstorms and ground-water uses of water in St. Thomas are
rescurces are limited (Jordan shown in Zig. 4. Seawater,
and Cosner, 1973), water-use rainfall collected from residen-
information is critical. tial roof-top catchments, and
ground water d4re the main water
In 1983, the U.S. Geolog- sources in the island. Thermo-
ical Survey, Water Resources electric-power generaticn, pub-
Division, in cooperation with lic-water supplv, and domestic
the Water Resources Research and commercial self-supply are
Institute of the College of the the principal uses.
Virgin Islands, began a general-
ized 1inventory of water use 1in Seawater is used indirectly
St, Thomas. as the source of condenser-cool-
ing water by the Virgin Islands
St. Thomas is located about water and Power Authoritvy (WAPA).
20 miles east of Puerto Rico The waste heat from the Island
(fig. !). The island's popula- thermoelectric facility (fig.
tion increased from 16,000 in 5a) is used by the seawater-de-
1960 to more <:chan 47,300 in falination plant (fig. 5b).
1984, paralleled with an in- Desalinated water rfrom storage
crease in water production to tanks (fig. 5c) is distributed
meet the public water-supply to the urban areas in Charlotte
demand (fig. 2). Amalie (fig. 53d), by the Virgin
Islands Public Works Department
The water demands iave (VIPWD). Areas outside the
increased also in =respcnse O oublic-water supply distribution
tourism development. Although svstem, such as the Donoe
the production of water increas- nousing project at New, (fig.
ed with the installation of a Je) can be classified as self-
large~-scale seawater lesalina- suppliced users. These ~btain
tion plant by the Covernment cof their water supply ifrom raintall
the U.S. Virgin Islands, cthe catchments, wells, or from com-
demand has not been satisfied. mercial water haulers f(fig. 5f).
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The =main :T2an  area Of
_hariotce Amalie s alsc served
Sv a2  seawater :vstem. This

svstem supplies water :Ior fire
ighting and flushing of toilets
and open drains. Areas outside
the seawater svstem depend on
"grav water' wastewater f{rom
other household uses) as their
source ! water <for <flushing
rcilets or irrigation, Where
aquifers vield sigrificant water
o wells .0 gai/min or more)
chese :re also capped as a
source of water, even if saline,
3s ‘eed Ior reverse 2smosis
wnits or tor flushing.

dottled water produced
Locally or inported is an
iaportant drinking water source.
3ottled water ccsts approximate-
ly 51.25 per gallon. In 1979
importation of bottled water was

estimated at 1,600 gai/d (Peebles,

1979). There are no reliable
figures for current imports.

Public-Water Supply

Production of desalinated
wvater 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 1.5 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 production 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 [98l,
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
capacity will be required when
the East End Transmission System
becomes operational (fig. 6).
This distribution system wvas
constructed in 1977 but has not
been utilized.

Water pumaped to the
seawater distribution-system
averages 1.0 Mgal/d. Only about
0.35 Mgal/d of this amount is
accounted for at the pudblic
sevage treatment plant serving
Charlotte Amalie. The remainder
may be lost through leaks in the

dowever, .:iri:us sIorm oiraias ia
charlocte zaiie iTe
continuous.’ Tlushed T2 ire

Jcean v IioTS TN {Ne seawater-~
distribution svstem. discharee
from two or cthese ‘taps were
neasured and had an average flow
of 0.08 Mgaisd each. Tive I
these taps wouid account for
of the unaccounted *low..

The cost of potable water
to WAPA :rom tne desalinaticn
units is 100Ut $9.00 per
thousanc =:ailons ($9.00/kgal).
This dces rot :include amortiza~-
tion costs ct the desalinatien
units (Ajavi and Gémez, [983).

The actuai .costs charged =°v
VIPWD to consumers connected to
the distribution svstem is

Sl4/kgal (VIPWD personal ccommuni-
cation, .%84).

Thermoelectric-Power Generation

Thermcelectric-Power Gene-
ration 1is the largest single
water wuse categorv in  Sc.
Thomas. Total use was about 67
Mgal/d. This was essentially
seawvater, except about one
percent freshwvater obtained
directlv from che desalination
plant for boiler feed.

Domestic Seif-Supplied - Raintall

About two-thirds of the
population in St. Thomas is not
served by the potable public
vater 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 vater are the sources for
domestic self-supply. Estimated
wvater use for this category was
about 0.75 Mgal/d. Of this
amount, 0.60 Mgal/d (80 percent)
was supplied from rainfall.
This indicates that rooftop
catchments are a major source of
vater 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 fooc of roof area fcr one
story buildings, and 15 gallons
for each square foot of roof
area for ¢two or more story

seavater-distribution system.  pujldings. All other buildings 2
are00’ v 00’ 000" _
<
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are recuiTec O nave cisterns
#1tn a minimum useable capacicy
2f .x gallons per sauare feoct 5%
roof area except churches and
warenouses, which are not
required tc conform to this
standard (Jordan and Cosner,
i . A comparison of yields
o __ -en rooftop~rainfall catch-
ments 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 umade for a
family of four using 25 gallons
per capita per day (2§ gpcdi
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 1f they
lived in the Dorothea area, and
twice {f 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 1is estimated st $17 to
S19/kgal (CH2ZM H4ill Southeast,
1983). The w=major cost is
associated with construction of
a cistern.

Domestic Self-Supplled -
Ground Water

Ground water withdrawn for

domestic self-supplied use was
about 0.15 Mgal/d. Ground-water
' irawals by the Virgin

n___nds Housing Authority (VIHA)

was estimated at 0.10 Mgal/d.
An additional 0.05 Mgal/d was
used by other domestic self-

supplied users.

GCround water for domestic
use 1is available in nearlv all
parts of tne island. There are
onlv a few areas where yields to
wells are large enough to warrant
the development of public
supplies. Ir their study,
Jordan and Cosner divided che
island intsc five ground-water
areas according to their poten-

ang waier
are .i.mitec oOv
I water,
waste-water
contaminatiorn
mains.

JUa.il- LI Tnese areas
excessive depth
seawater imntrusionm,
ccntamination, and

from seavater

Commercial Seit-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 J.! Mgal/d freshwater,

About 0.2 Mgal/d of the
commercial water-use 1is ground
water. This 1s used mostly for

flushing toilets. In some
areas, where the ground water {s
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 1is
$55/kgal (Ajayl and Gimez-Gimez,
1983). An estimated amount of
0.05 Mgal/d was obtained from
rooftop rainfall catchments.

Public Waste-Water Trestment

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-
eous flow rates measured in June
198¢ ranged from 0.16 to 1.4
Mgal/d (fig. 10). Specific
conductance measurements indica-
ted that about 70 percent of the
effluent was seawater,

The other six waste-water
treatment plants serve wostly
public-housing projects. These
0.20 Mgal/d to

streans and the ocean,

tial vield and water quality discharge about
(fig. 8). The potential vield
acECon SOOERSTS
e omid LS (5 stumvicegs the 1O1MNNAE Tirgie e.er 2.
cmeraans spsort Ter sheds reoperasios
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FIGURE 6a. Seawater intake at the Thermoeleetric
Power Plant 8t Krum Bay (Sub Base).

FIGURE 8d. Demestic and commercis! users ot
Charlette Amalie area.

EXPLANATION
4 MILES

ﬂ Arss served 0 ! 2 3

Pipeline instatied but not
operational as of July 1984.

[:]Arollnolou~od

FIGURE 6. Areas served by the fresh-water distribution system. FIG

-

FIGURE 7. Average-anaval reiateli, In inches.
Prepered by R.J. Calveapert, (NWS) NOAA.)
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UNITED STATES ENVIRONMENTAL PROTECTION AGeNCY
R

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

—

Carlos E. O'Neill 58, g

On-Scene Coordinator r 5 (bv\)

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

George H, Zachos, Acting Chief
Response and Prevention Branch

I. EXECUTIVE SUMMARY

Oon July 15, 1987, Mr. Allan Smith, Commissioner of the
Department of Planning and Natural Resources (DPNR), U.S.
virgin 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 regquest
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. Y 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
1sland’'s interim maximum permissible concentration levels set
on September 1, 1987, by DPNR for volatile 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 previocusly mentioned seven wells were residential wells.

Tt RN
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This Action Memorandum will document funding authorized for
Phase T of the Tutu Well Site CERCLA Removal Action. Phase I
addresses only residences having contaminated drinking water
wells with volatile organic compounds ahove levels established
by the U,S.V,1I.'s interim maximum permissible concentration
levels for potable water, This action did4 not include wells
where water is used primarily for commercial, business,
industrial and/or trade purposes. It also did not include
wells contaminated soclely 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 52-week period is $100,000 of which
$40,000 is estimated for mitigation contracting; $45,000 for
TAT'sS 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.

IT. 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 Response 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 pestroleum product. This well is a major source of
commercially provided potable water for.the eastern portion of
the island. Vttn'. preliminary investiqation 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.
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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. Based on
these results, DPNR declared that an imminent health threat

existed, which could affect approximately 20,000 people living
in sSt. 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 wall
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. Pollowing these
results, DPNR closed the five private wells which service two
three-family homes and one apartment building housing twelve
studio units. i

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) commercjial wells seriously
contaminated with up to 7,600 ppb of PCE, (See map attached),

C. Quantity 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:



Maximum Statutory Source of
concentration Hazardous Substances
Contaminant Found (ppb) under CERCLA

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

Trichloroethylene 61 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 l10-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 10-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 SO 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.
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The location, direction and dinmensions of the plume are a¢-
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, NDPNR 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 II.

C. Previous Actions to Abate Threat

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

D. 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. vDPNR 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,.
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EPA has cleaned the homeowner's cisterns that have been contan-
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 egstablish 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 Regquest 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. Theilr respective
wells were ordered closed-down by DPNR for exceeding interim
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.
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An attempt to connect well water directly to tolilets 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 thege 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, respectively. 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 I) -

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
L‘bot and u‘t.ri‘l’.......'l.l.'...‘.l'...l‘.... s 5'035

Refill cisterns with clean and safe drinking

'at.t...............".'.............l'.l‘...... s 2'665

Provide cisterns with clean and safe drinking
water on regular basis according to a pre-
approved ’ch.dul.‘....l.l...O.QI'.......Q.Q.‘Q.. sls,ooo

COﬂtinqency {(108)ccccevccsvscoscssssscsccccsccncaccce $ “300

Total Hitiq‘tion COBtecosscosonsscncnce $40,000
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Extramural TAT Cost

TAT Monitoring and sampling program
{Including travel and per diem)..cccvesoscsesees $35,000

TAT Technical and administrative _
support (including travel and per diem)....cs000¢ $10,000

Total TAT Cost $45,000

Intramural EPA Cost

({Including travel and per die€m).cccececoncscsnseaas$Sl5,000
ESTIMATED TOTAL PROJECT COSTeeesesseee$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
52-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.

Ce. 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.

V. 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) Hesan exposure to unacceptably high levels of acutely
tosic substances (Section 300.65(b)(2)(i), and

2) Comtamination of drinking water supply (Section 300.65
(b)(2)(4i).

. vy (3Ll 1



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 estab-
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 l14-1A
dated April 15, 1984, and Richard Dewling's Redelegation Order
R-11-1200.6 of August 29, 1984.

rd

< A ! /
APPROVAL: Q‘Cj’t’-_ _/j /-"7“'/1, DATE: /' 6[ «)'J

~— DISAPPROVAL: DATE:

ce: (after approval is obtained)

C. Daggett, 2RA J. Marshall, 20EP

R. Salkie, 2ERR-DD P. Gelabert, 2CPO

S. Luftig, 2BRR R. Gherardi, 20PM-FIN

G. Z2achos, 2ERR=RP T. Sullivan, PM-214PF (EXPRESS MAIL)
B. Sprague, 2ERR~-RP T. Pields, WH-548B

J. Czapor, 2ERRD-SC P. McXechnie, 216G

Ge. Pavliou, 2ERRD-NYCRA
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PHOTOVAC SAMPLING RESULTS

SUTV weLL s1te
8T. THOMAS, U.S. VIRGIN ISLANDS
SANPLE SANPLE  DATE OATE
Location WUNRIR SANPLED ANALYZED SOURCE BN ICTZ PCE 0L OCT GoMS
S886anay —'.b.-.—... assesss oseavess Susses ess ess oss ass sea sase

HARTHMAN CRUSH 87-473 07/23/87 07/30/97 1 0 7 102 ¢ 0.7,
HARTHMAN BAKERY 87474 07/22/87 07/30/87 19 0 0 3 ¢ 0.2
4 WINDS WELLS1 87-475 07/22/%7 07/30/87 cv T 19 e ¢ 0.2
4 UINDS VELLEY 67-476¢ 07/23/87 97/30/07 Cv ‘7T 19 61 ¢ 0.1,
tILLe? 87-477 07/22/87 07/30/87 C¥ 633 68 200 48 38 .7,
VINA 87-478 07/32/87 07/30/87 I 15 9 3 ¢ 0.3
BGLIN 87-479 07/22/87 07/30/87 C¥ 3 16 88 ¢ o.o
TILLE? $7-480 07/22/87 07/30/87 c¥ 6980 711 2040 492 1327 .¢,
FIZLD BLANK $7-481 07/33/87 07/30/87 WA 0 0 © ¢ 0.2

*

TABLE 1
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SANPLE OATE
BUMBER SANPLED ANALYSED SOURCE 2N

r

WELL SAMPLING RESULTS
WU VELL SITE
$T. THOMAS, U.S. VIRGIN

DATE

ISLANDS

€T T 0L DCT GCNS

4 UIN0S €1 0014  08/10/97 08/13/87 C¥ 3 aa 7 1 3.1
goLIN WELL 01 003A  98/10/97 09/13/87 O 0o 11 BN o 6.1
EGLIN WELL 02 0034  08/10/87 98/13/87 C¥ 0 13 4 0 7.7
EGLIN UELL 03 004A  08/10/87 08/13/97 OW 0 1 87 o0 66 .2
HARTHNAN BAKERY 00SA  08/10/87 08/13/97 IV 6 ¢ 3 0o 1.%.
HARTHNAN CRUSH O006A  08/10/87 08/13/07 1V 6 3 ¥ 0 112.1
HARTHMAN ESTATE 0070  08/10/87 80/13/07 B ¢ ¢ 1 o 0.7
ROORIGUES AUTO QO8A  08/10/07 08/13/07 1V o ¢ 1 o0 0.7
BRIAN 0094  08/10/87 08/13/87 C¥ o 0 o0 0o 0.2
ALPHA.LEOMARD 0104  00/10/87 00/13/07 W ¢ ¢ 1 ¢ 0.2
SMITH,LUCITA 0114  08/10/87 08/13/07 W 0 17 130 1 8.2
DEVCON ¢3 0124  00/10/87 08/13/07 O¥ o ¢ ¢ o0 0.2
DEVCON ¢1 0134  08/10/87 00/13/87 O ¢ & ¢ & 0.2
Dot 014A  08/10/87 08/13/07 B 6 ¢ o6 o0 0.2
DENITRI 0364  00/10/87 00/13/07 OO o ¢ 8 ¢ 0.3
- VINA WRLL 63 O031A  08/10/87 €0/13/07 I8 o ¢ 0 0 2.2
VIHA WEBLL 61  023h  00/10/87 08/33/97 IV ¢ 31 10 1 12.%
RANSEY 030A  08/10/87 08/13/97 IV ¢ ¢ 7 o 1.9
— ML 0314  08/10/87 03N/ N o 2N o 0.2
HARVEY 0334  00/10/07 08/13/07 N 0 617600 1 6.7,
RATHIAS 0334  00/10/07 08/33/87 N o 4 &6 1 9.7
FRANCOLS 033  08/10/87 08/13/07 B 0 20 120 6 140 .9
DENCH 0384  00/10/87 023/07 NN ¢ ¢ o 0o 0.1
TILLE? 036A  08/10/87 08/13/87C8 . 1300 0 20 &6 170 .T.
TILLE? DUP 0374  08/10/87 00/13/07 OO 1400 -3 130 33 €20 .2.
FIRLD BLANK - 040A  008/10/87 08/13/87 WA ¢ o0 ¢ o 0.2

TABLE 1
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ABSTRACT

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

The 1sland 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 yvield, generally, less than 1,000 gpd ( gallons per day). In
the upper Turpentine Run Valley and the Lovenlund Valley, short-

term vields 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 1.3 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 contant to ground wa.e:
during base flow.

(3T
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A SURVEY CF THE

ST. THOMAS, VIRGIN

cy D. G. Jordan and C. ]. Cosner

LOCATION AND GENERAL SETTING (fig. 1).

{SLANDS

'NATER RESQURCES CF

Location

The Virgin Islands, forming part of the Antilles
Island Arch separatung the Canbbean Sea from the
Atlantic Ocean, are about 1,400 miles southeast
of New York and almost 1,000 miles east southeast
of Miami. St. Thomas, the northwesternmost
1sland, lies about SO miles east of Puerto Rico

St. Thomas is the second largest of the more
than 50 i1slands and cays constututing the Yirgin
Islands of the United States. The 1sland :s
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 i1n area from slightly
less than a square mile to a few hundred square
feet.
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Figure 1.--Location of the Virgin [slands of the United States. §
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Population

5t. Thomas has about 17,000 permanent resi-
lents anag a transient population of tounst and 1m-
zorted laporers of about 8,000. The majonty of
ine pooulation i1s urban--apout 20,000 people Live
.n Zhariotte Amalie, the only city and also the
seat of jovernment of the Virgin [slands. The
cermanent population is increasing rapidly and 1s
expected to double by 1980 (unpublished data,
“.1. Planning Board, 1964).

To raph

The land surface 1s almost enurely sloping and
2xtends seaward from a central ridge, 800 to 1,200
feet hign, runming the length of the 1sland. The
slopes, which commonly exceed 35 degrees, are
d15sected by numerous stream courses of steep
jradient. The general appearance 1s a panorama
of steep 1nterstream 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 1s i1n the
upper valley of Turpentine Run 1n eastern St.
Thomas. The valley has relatively gentle
topography consisting of rolling hills in 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 stull devoted to grazing in the eastern part of
the 1sland, 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 19 changing rapidly, much of it
brought on by the jet age and its rapid mass trans-
portation. Increasing population, in part caused
by development of the island as a retirement haven
and by tourism, results in more land being used
for urban and suburban development. The 1ncrease
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.

Zlimate

The average annual rainfail 1s about 45 incnes
and the average temperature .5 only 80°F, byt the
prevailing impression of the ciimate 15 one of
dryness, especlaily in the winter, This is espe-
cially true of the east end of the 1sland. where,
because of orographic effects, rainfall 1s only
about 80 percent of that elsewhere,

Rain 1s seasonal, nearly haif falling between
August and Novemper. February and March are
the driest months and September and October tne
wettest. Most of the rain occurs as short,
intense showers lastung but a few minutes. Rains
exceeding 1 inch, with accompanying overcast,
cloudy skies, come but si1x or seven times a year.
Thus, there are few days when the sun does not
shine,

Although major rains are rare, their voiume 1s
noteworthy. The greatest rainfall of record was
18.0 inches September 13-14, 1928, duning a
hurricane,. The last great rain \n recent years
was 10.6 inches May 8, 1960, the resuit 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 hurmicane to
cause extensive damage was in September 1928.

The direct rays of the sun are very hot, but air
temperature 18 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 {n August. The highest daily temper-
ature of record was 95°F and the low, 63°F.

The prevailing wind direction 1s 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 18 given in table 1. A wind rose
for the same penod is shown in figure 2.

Relative humidity is high owing to the proxamity
of the sea. At Harry S. Truman Airport dunng
1953-58 relative humidity was highest, averaging
81 percent,in the early moming hours, and lowest,
averaging 66 percent, in the early afternoon.
Average daily humidity is given in table 1.
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EXPLANATION

ALLUVIUM -Silt, clay, and thin, discontinuous beds of sand and gravel
Includes beach sand. Estimated maximum thickness 50 tt

TUTU FORMATION - Tuffaceous conglomeratic mixture derived from older
rocks. Contains some lLimestone, especiolly near the top. Moximum thickness
greater thon 6,000 f1.

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 limestone. Maximum thickness known 13,000 fi

WATER ISLAND FORMATION -Lova flows, flow breccia, and water -laid
tuff intruded by dikes and plugs Maximum thickness greater than 15000 f1

Contact

inferred faull, dotted where concealed

Figure 3.--Geology of St. Thomas.




Geology

The general geology of St. Thomas (5. 3} nas
seen studied {or many years, but only recently
~ave the geologic formauons been named and
descnbed :n detail (Donnelly, 1960, 1966)., The
sames of geologic {ormauons used in this report
are after Donnelly. The names nave not neen
adopted oy the U.5. Geological Survey.

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

The Louisenhoj Formation overlying the Water
{sland Formation was extuded from a volcanic
center probably sited 1n what 1s now Pillsbury
Sound between St. Thomas and St. John. Near the
presumed location of the volcanic onfice the rocks
are mostly very coarse reworked cone debns.
Farther from the orifice, coarse material lessens
and tuffs predominate. Near the base of the
Louisenhoj Formation 18 a8 conglomerate composed
chiefly of rock from the Water [sland Formation.

The Quter Brass Limestone was deposited on the
flanks of the Louisenho) volcanic cone dunng a
period of voicanic quiescence. [t 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,1s composed almost entirely
of angular debnis derived from the Louisenhoj
Formation and minor limestone debris from thin
limestone deposited contemporaneously with the
Tutu Formaton.

The rocks were subsequently tilted to form a
northward-dipping homocline. Dips range from 15
to 90 degrees and average about S0 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 1n pore
spaces. Ground-water movement is now limited
to openings along joints and fauit zones. The
homoclinal structure 18 cut by sets of faults trend-
ing N 45°W, N 55°FE and north. Three weil-
defined joint sets parallel each of the major fault

directions. The valleys of the 1sland nave
similar rends and are apparently the result of
selective erosion of rock weakeneda by faulting
and jointing. 2rnime zones of ground-water
availability, therefore, iollow the valleys,

Small ailuvial deposits ranging from
Pleistocene (7) 0 Eolocene 1n age .ie in the
valley of Turpentine Run i1n east-central St.
Thomas and the larger ccastal embayments.,

The alluvium of Turpentine Run l:es 1n a narrow
band seldom more than 200 feet in width along the
stream. Maximum thickness of the alluvium 1s
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 composea 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 13 estimated to be 50
feet, and their areal extent seldom s greater than
a few acres (an exception being the Long Bay and
Airport areas near Charlotte Amalie). Near the
sea, the alluvium i1nterfingers with calcareous
sand and at times contains lenses of mangrove-
swamp deposits. Therefore, the deposits are of
minor sigrnuficance as sources of water,

OCCURRENCE AND MOVEMENT OF WATER

Water mover through a cyclic pattern--the
hydrologic cycle--1n 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, 1ntensity, and areal
extent of the rainstorms: {(2) the slope of the
land; (3) the moisture content of the socil and
vegetal cover; (4) the nfiltraton capacity of
the soil and underlying rocks: and (5) the size,



~umper, and .nterconnecticn cf Jpenings o o
igquiter.

Rainfaii

Za1n s the :niy natur3i source cf fresn water
“s repienisn tne water resgurces oI ne isiang.

Qa:nfall s seasonal, - :tn the rainy season :n
.ate summer ana eariy fall ana a seconaary wet
season usuwally 1n May. Ileariy nalf the rain falls
1uring August-Novemper ( £13. 4. Ralns exceea-
:ng 1 inch tn 24 hours come swX or seven t:mes a
vear. Four to 15 1nches ot rain falls :n 3 48-hour
ceriod about once every 2 years in large storms.
These rains can occur 1n any month but are more
i1kely during the nurricane season ( August-
Jovemper). About nalf the time annuai rainall is
setween 40 and 50 inches (fig. 3). l2ss tnan 12
cercent of the tume annual rainfall 1s less than 33
:acnes, wnich usually means a major geficiency
during the normal wet season and drougnt.

The cumulative departure {rom average and the
10-year running average of rainfall shown in figure
6 shows that at this ume of writing (1967 ) the
1sland may be entenng a period of deficient rain-
fall. With the exception of a few years in the late
1940's and early 13950's, rainfall in the past 30
yvears 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
drougnts of record occurred 1n 1964 and 1967,
wnen but 27 and 24 inches of rain fell, respec-
tively.

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

Soil Moistre

The soil zone over most of St. Thomas 1s not
more than 1 {oot thick. ‘'Ahere of sufficient thick=~
ness it has, however, the unique property of
absorbing large volumes of water--as much as 12
inches 1n 24 hours (R, Scott, SCS, oral commun.,

ZXamination ot ine soil zore wren o
NCWS 1% 12 e coarseiv Sranuiar. w3 T> Z.umo-
R £ Ciay 3na s.it carucies., “rojcncea satura-
710N 1S necessary cerore ne Jranujes creax 2own.
<5 3 resuilt, tne 32t "3s 3 mign cermeaciiity until
well saturatea. cut, cnce saturated. .t cecomes
ccorly cermeanle anc retains 'water .n ne core
spaces cetween cart.cies ana rejecis 3oV 2xcess.

. 2ServatlCns I.ling 73.NSISrMS 1ncicate tnat
<he typical soll zcne will apsoro acout ) .ncres
of water Detfore some water 1S rejectea cr moves
:o0 tne underlying oearock. :lly saturatea, '-e
soil will gropaoly retain 3 :ncnes ot water per :2at
of gepth.

Tre capacity of the soil to nold iarge voiumes
ot water, together with infrequent mJ)or rainstorms
and a3 hign evapotranspiration rate. seriously
requces jrouna-water recnarge ana s:orm cunoil.

Evapotranspiration

Most of the water trapped in the soil zone
returns to the atmosphere by evaporation or tran-
spiration by plants (evapotranspiration}. On St.
Thomas this process 18 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
so1l, the soil 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 a major means of water loss
from the soil zone and also from the upper part of
the aquifer, i1f 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
gaging station. The gut flows in 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, 'vhen iess
than 10,000 gpd (gallons per day), disappears in
this reach. The loss is attributed principally to
transpiration by the dense growth of brush and
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Figure 7 .--lschyetals in inches of the long-term distribution of rainfall (a)
and of individual rainstorms (b-f) on St. Thomas.



‘rees cordering tne stream. ~:aom tne :spearance
i tne vegetation i1n a dry ceried, zaly ine vegeta-
on 1n a strip about 100 feet wide witn 3 -ctal area
=f about 3 acres benefits from tne stream.
minimum water icss of 10,000 ged. 1.6 m:iilion
:allons annuallv, would :n2icate 2n avacowansol-
rauon rate of 1.2 millicn zailcas zer acre -er year,
:r 44 .ncnes.

Jowden 11368) computed montnly potential
2V3Dporauon ang soll-moisture aeficiency at six
stations on St. Jroix using the metnoa cevised by
. W.7hornthwaite. ?Potential eva poration ranged
rom 38 to 69 inches and averaged 62 inches per
/ear. Actual evapotranspiration (denved from
potential evapotranspiration and change in soil
moisture) ranged from 41 to 46 incnes and averaged
413 1nches per year. Bowden's data shows a soil-
moisture deficiency 9 to 11 months cof :he vear at
the different stations. 3urplus soil moisture
cccurred only 1n the months of Septemper 0
November. The authors pelieve that conditions
are similar 1n 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 reservolr
or runs off to the sea. Annual runoff in a ume 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. [n these reaches,
about one-hailf to three-fourths of the flow 1s storm
runoff, and the remainder i:s base flow (ground-
water outflow to the streams).

From 0.5 to 2 inches of watar annually reaches
the sea as storm runcoff. The amount of storm run-
off varies from basin to basin, depending upon
topography, soil moisture, exposure, and vegeta-
tton. Base flow of the streams with perennial
reaches . while often equal in voilume to storm run-
off, seldom reaches the sea. The flow usually
infiitrates 1nto alluvial deposits in the lower
reaches of the streams.

Ground ‘Water

From 0.5 incn to as much as 5 inches of the

10

r3infall annuatiy nilirates tme sc.i 1mg roCxs

i3 reacn the ground-water reservolr, .. 3ater .o
tne grouna-water reserveoir or aquizer maves v
zravity oward the sea, .. here the water -adnie
.5 intercepted Lty tne lana suriace, -ater .5 Cis-
znarged 3s 3 SPrinNg or 3s C3se ticw 12 @ stream.
‘Vhere .t .3 near tne lang suriace. :.Cn 2§ 3iong
stream cnanneis and .n ccastal cmpavments.
large volumes of water are transoirea =v clants
wnose roots tap the groung-water reservoir. .-e
rranspiration by plants cirectlv rcm tne water
rable 1s so great that only minute guantit.es ot
jrouna water ever reach tne se€a, Iitner 2s siream-
flow or 3s seepage directly nrougn :ne so.l ane
rocks.

“resh- 3alt-\water . terrace

Tresh water :n the aqu:iiers 2lorc tne czast .3
.n contact 'vith salt water in ¢ cvnami< sv/stem.
So long as water levels graae seawara, iresn
water will discharge to the sea at tne snore.
During tumes of ground-water recharge, the ‘resh-
water lens thickens, displacing the underlying,
heavier, salt water downward and seaward. Dur-
ing times of no recharge, the fresh-water lens
thins, as ground water discharges to sea. Salt
water, which moves into the normally fresh zcne
f water during times of no recharge, 1s not
entirely flushed out by fresh water when recharge
occurs. Some remains behind, where it mixes
with 1nfluxing fresh water., The interface zone of
brackish water 18 thick where fluctuations 1n the
s1ze of the fresh-water lens are large.

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

The balance between salt water and fresn water
:n coastal aquifers i1s delicate and can easily ce
disrupted by man‘s quest for water. Salt-water
encroachment can readily resuit by removing more
water from the fresh-water lens than 1s being
replaced by recharge or by pumping a well at an
excessive rate, \n which case the fresh-water
nead 1s lowered, and movement of salt water
upward or honizontally into the fresh-water zone
1s \nduced.
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SCURCES

Tresn water nas aiways ceen . o

t.cal suzoly
.o 3t. Thomas., Rawn ccllecrea -a renfs 3ac zizrea
A cisterns :s still the source zf wrater ior mcst
Taral 3ng urzan gcmestic succlies,  ceflre 1igd
~illsice rain cawcnments sng 3 few zug weils vere

n€ mJ3)or source of wwater IIf usliC 3ultcllies.
Lnce nen, cesaitea water Nas tecome ne ma3jor
source 2t water for puolic supplies, 3nc water
zargeq rcm Puerto Ricc .5 3 CidSe secconc.

&

Charlotte -Taue

Zharlotte Amalie nas a zual guslic ~water svwstem.
“resh 'water i1s used for drinking ard generai nouse-
~old needs, and sait water :s usea for sanitary and
ire-control purposes. The fresn-water sucpiy,
Jotained from salt-water aistillation siants, ~ill-
sige r3in catchments, sna a ~ell, .s suppiemented
Dy water barged from Puerto Rico. Potaple water
use and the sources of the water in figure 8 not
only show the increasing demand for water out also
the shift in sources of the water. [n the late
1950's, with the exception of 1957, a drought
year, catchments were the major source of water,
Barged water became the major source of supply 1n
the early 1960's, but by the late 1960's, desalted
water pecame the principal source of supply.

Nearly all buildinags, both pnvate and public,
1n Charlotte Amalie have roof catchments and
cisterns. [n 1926, nefore the establishment of a
public water system, about 200 private and 17
public dug wells were 1n use in the urban area.
Since then most of the wells have been apandoned
tecause of sewage and salt-water contaminaton.
Some of the salty water was drawn 1nto the wells
from tne sea as a result of overpumping, and some
2f 1t entered the wells from leaky salt-water pipes.
X few of the wells are still pumped occasionally
for nondrinking domestic supplies and for construc -
Lon purposes. In recent years, wells have peen
dug 1n eastern Chariotte Amalie for 3 suppliemental
wrater supply for the two public-housing projects.
Several other wells have been dug in the same
;eneral area for water for nondrinking domestic
ise.

Since 1926, 18 punlic hillside rain catchments

have been constructed. Cf these, 14 are con-
sected to the urban water-distribution system.

11

~ater :s n3uied ‘rom tne remaining icur catcn-
:ents S/ inclvicual users or oy water naulers.

.ne o3l i.'e_a i ne cudlic catchments s esti-
"atec‘t‘l: Se ¢= 3cres, and the storage :s est:mated
“3 0@ 1= mi..ln ojallens. Rehanle f:jures are not
1vallaple :n tne 1mount of water “sea from any ct
ne czronments, St cral vieid s estimateqg ¢ ce
22,000 3z, Ino3daitizn to the oubiic c3tcnments,
lour crivateiv Iwned Iatchments are in ne arsan
irea.

4~ allerv well at tne aircort wvas an :moortant
source ot water :ntne 1350's. [t recortealy
v.etdea 13,000 gpd. <n attempt to .acrease cro-
zuction resulted i1n salt-water encrocacnment.
~uning tne well as a source of potable water.

‘0 1962 the first desalting plant, with a capga-
ity of 230,000 gpd, 'vas put 1nto production. .o
1966 a plant of 1 miilion gpd was put (1nto proauc-
uon, and, £y 1967, the start was madeona 2.3
million gpa desalting plant.

The demand for water has increased six-fold
since 1960 and shows lLittle 1ndication of leveling
off. In 1962 and again 1n 1966, when desaiting
plants were put on line, water demand increased
almost overnight to absorb the increase :n produc-
tion. Water barging, considerad 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 S1.00 per 1,000
jallons when operating at maxamum efficiency.

The cost of barged water from Puerto Rico depends
upon equipment used, but 1n 1967 averaged about
33.50 per 1,000 galloens. Water 1s sold to the
consumer at a cost of 50 cents per ton, about 52,04
cer 1,000 aalinns, The difference between pro-
juction cost and delivery cost i1s absorbed by the
irgin [slands Government.

Rural St. Thomas

Rooftoo catchments and cisterns are still the
-ajor source of water for rural St, Thomas. Dur-
.ng prolonged dry periods, rain water 1s supple-
~anted by water hauled from public-supply points
.a Charlotte Amalie. Small ponds have npeen con-
structed , tapping storm runoff for irngauon water
{ar truck gardening and drinking water for stock.
Since 1962 several pnivate wells have been drilled




‘<gersaticns .ncicate tnat wing velocity arg
s22f Zonliguratucn ire major actIrs Lo ine racovery
Zi3n winc
vl zlew rain otf a3 ;pitched roof cnentea carajlel
T2 ine w.ng, wnereas 3 rain snaaow .4 IrIgeruicn
1> the degree of roof pitch will occur cn tne iee
.2e I a roof onented perpendicular 1o the wina.

- -3nacea rocf will be affected :n the same
minner. :i.incusn probably 1o a3 lesser cegree., The
T3t 2ilisient s frobably a flat rcot with 3 isw 1.C
Sfater cannot zlow 2:if me raof
.10 .5 3 73:n 3-aQCwW Created, 3na tne (1o converts
TTE rcci into 3 tempcrary storage contalner during
Lin-intensitv t3ins.  Raintall recovery on flat
"t2Is .5 cropbaply jreater than that measured from
“ne nillsiae catcnments, wnereas recover, :n z.ich
“zcts .5 crobaply 10 to 20 percent less, zecenaing

- -

1n srientation and steepness of ciicn.

T.jure 25 shows an estimate of the annual ccsts
>i cellecung rainwater and of cistern stcrage :or
2 small home, C.istemn cost, amcrtizea cver a 0=~
7ear period at 3 cercent per year (interest costs
ot included), .s esumated to range frem $3.00
cer cuoic foot for 10 percent stcrage to :2.30 per
ud1c (oot for 100 percent storage of the total
innual recovered rainfall. Rainfall recovery was

500 — - ,

1D Ce Sl ocercent It in amniLy, -n
nes Zver 1. .10 szuare ceer
I3very inger trnese CIncilisns wulg e
.t was assumed that water .Iss Jue 1o -
3llrage wCUIC ze Tmace .z v water zurcnaseg ram
water naulers at costs of 1J. 20, :r 30 =ollars cer
1,300 gailons. The f1jure snows that. _sing
inese criteria, the opllmum c.stern sicrage waouid
ce apcut l0 percent cf expected annual recovery
:r aoout 3.5 gallons per square toot ot latchment.
-verage vyield from rainiall aicne would te acout
-0 SECG.  ‘nnual water costwould range ‘rom 3119
tc 3186 annualily, >r 37,13 cer |, .00 3allons o
311,20 per 1,000 zallons.  ianual zcst 2100
cercent cistern storage would be 3234 or 516,80
cer 1,200 zallons.

Ground water 1s avalilable in nearly all parts
of the 1sland 1n sufficient guantity to be of :mpor-
tance to the water supply. n general, yields of
wells are sufficient only for individual domestic
supplies. There are, nowever, a few areas
where yields to wells are large enough to warrant

| |

o |

400

Supplement woter

¢\<l30 per 1000 gailans
300 p—

l/SIoroge ;5 gallons per square: fooll
A

(28 percent) T

o

Suppiement water !
420 per 1000 qalions

ANNUAL COST, IN DOLL ARS

L ' j
R

00— T r“\Sfdroqq i0 dolians
| er square foot
i ?be 4vcem)
i
Suppiement watler i '
100 ¥10iper 1000 gallons - :
_//’(Annual cost cistern I : ' )
i ‘ %
o
L
I | |
0—s5 50 30 2050 80 70 80 90 100

CISTERN STORAGE. IN PERCENT

QF TOTAL CATCH

Figure 25.--Annual cost of water from a roof catchment of 1,000 square feet with
a max:mum yield of 48 gallons per day.
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Tacie - .--zCale L
Irler.a irQ Sxamcles Ior seleclec weils

L i.e€s

IS0 Tetermining irung-water cctenual ram chysical

“AnIsu Cipograonv T xcosure | ~r3ainage area ?ctential
renes Slue 3 “al i ‘ al “ s ) : Long term
e 5 , 3lue . i alue . res Jalue um of values ',','1eld,4,‘;n
Crest ot I Nortn of south ‘ : | |
<= rlage ; ' _cpe ,. | <160 . 1 ] 4orless = <s00
! ! |
L , Generat | Soutn siope | 1 | ; , . .
i-d3 ! one ! North siope ;101200 | 2 3-6 ! 300-1,900
Central i Sheiterea ! | [ |
e - salley onj ]
+5-30 2 - N i - -
50 genem’j 2 intersor 2 || 201-300 | 4 l 7-8 1,000-5,000
slope i valley I |
Large | [
!
50 valley o ‘ - - -
> i 3 alluvial 3 ‘ 3101-400 [ 9-10 $,000-10,000
3 flat ,
| H | > 400 8 11 or greater| 10,000 +
Examples
well 13| 2 I 2 1 7 1,000-5,000
Well 10 1 1 1 1 4 s00
Well 22 1 2 b3 3 7 1,000-5,000
Well 20 1 k] 2 [} 12 10,000
Well 16 1 4 2 6 13 10,000

32




ine 2avelopment 2f zunlic suopites icr iccal use.

Thewater, 15 3 wnole, :s 3t peor zuality, zaing

o3ty mineralized, dut can stull be csnsicerea

z2tanie. T oo:in ze wlenceq it cistern water,

v.eleing a m:iveq water of more accectazle pota-

z.iity. Housenclcers wno -ave wells jenerally
s

srerer 3 2uil 3cstem, Lsin; weil water for

WASNAIAG, awn watenns, oI 33Mitars curscses ana

Tan wWAtAr Ctr o rinven;

TA cruan -water potential Lf 3o ir23y canon
large part be determined oy .ne aver- -~ " -nual
s3intall, tspograzny, and 2xpesur: t2 s:olarrania-
tion. [ general, areas r2ceiving (wSS Nan0 Y
.nches ot rainfall have a 1w :rounc-viter c:ten-
<:al. The soutnern sicpes 2! the islana, ..nere,
hecause of solar rag:ation, =vapolranspiration .s
atgh and recnarge i1s lsw, jeneraily nave less
jround-water potential and vield more righly min-
eralized water than the nortn slooes. Toipograony
18 important in thar - *ha flatter slopes groung-
water recharge i1s favored.

A crude scale based on rainfall, topography,
exposure, and drainage-basin drea was developed
for estimating ground-water potential of the rocks
of the 1siand (table 4). The different features are
assigned v:clues ranging from U to 8, The sum of
these values 1s 3 number irom which an estimate
of the lonc~-term vield of a ‘~ell can be obtained.

A deep well will jenerally v1eld more water than a
shallow well in the same location. For the
purpose of the scale, a well deoth of about 200
feet 1s assumed with the water level in the well at
50 feet below land surface.
from depths of more than 2JU feet below the water
table.

[t 1s emphasized that even though conditions
appear favorable for obtaining a yround-water
supply, there i1s always o pussibility no water 'will
he obtained as o well mav not peneuate water-
bearing strata.

‘Water 1n Jonsoligated Rocks

The pemeable zones ot tne consolid-t2d racks
consist of open joints and fractures, Near the

Littie water 1s vielded
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.and surface the joints are oren--the resuit :f
weathering ana release of cressure. Iint zcen-
.13S, ncwever, narrow raoicly with zepth, 2nc
s2neratly at cecths i 3 lew nundrec leet tney ire
120 narrow 1o Tansmit s:gnificant guanuues of

wrater.

“ll the bearock Izrmations are croken <o 13ulis-=-
ractures 3ileng wnicn mavament n1g tx«en Ciace.
. some faults, =arth movement nas crusneg tne
TOCK to jravel-size ocrecc:a. 'wnereas .- citers 'ne
TOCX Nas ceen reducea 0 3 ilcuriike suostance
called f3ult gJouge. GZrecciated fault z:nes ~ot
sealed by mineral decosits or :ault jcuse can ce
‘rery permeanle and often extena to cecths o:
~undreds of {eet.

The 2rientation of many of the valleys :ra says
>videntl/ 1s controlled by a fault ang joint s.stem
:long wnich erosion has occurred. alleys,
inerefore, are often inaicators of zones >f an
extensive jointing or fractuning system that may
contain ground water,

The yvield to ~ells dnlled in the bedrock s
small--yenerally less than 1,000 gpd. Many
wells will vieid S to 10 gpm (gallons per minute:
for about- 10 hours. After that they vieid at a much
reduced rate as a result of removal of water from
storage 1n the immediate vicinty of the well,
Once water in local storage i1s removed, the vield
to the well is reduced to the general yield of the
aquifer. For example, well 17 near Wintbherg re-
portedly yielded 12 gpm (17,000 gpd) for a 24-
hour pumping period when first dnlled. However,
almost daily use over the past S years has snown
that the long-term yield of the well is about 250
;allons per day.

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

One example of possible linear permeaoility s
the north-south fault 1n eastern Charlotte ~malie.
Permeability, as determined from pumping tests
of wells, ranged from about 1 to 9 gpd per it
{gallons per day per square foot) east and west of
the fault. [Immediately along the fauilt zone in the
sicinity of the race track, however, cermeapility
ranged from about 70 to 150 gpd per ft¢. South-
vard along the fault permeability was 1 jpd per ftz.
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The effectuive 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 i1s esumated to
be 4 percent based upon changes in the ground-
water level in response to rainfall. Effective
porosity of the rocks in most of the i1sland is est-
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
watsr-bearing characteristics. They can be divided
into (1) a bouldery siit 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 rare. Where present, however, they will yield
water readily and act as a large collector system
into which water from the less permeable slluvium
will percolate. Occasionally the water in the sand
and gravel beds is under artesian pressure because
they are confined by the less permeable overlying
alluvium,.

The beach deposits, principally medium to
coarse coral sand, have a moderate t© 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 is assumed to be
under water-table conditions--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 genersl, the water
table roughly parallels the topography. The depth
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to the water table 18 a few feet beiow land surface
:n the coastal embayments but may be as much as
120 feet below land surface near the crest of the
central ndge.

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 spnngs, streams, or
the sea, evapotranspiration from the water table,
and withdrawal of water from welils 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 1n water levels, but the
steep hydraulic gradients resuit in rapid losses
and almost as rapid declines.

Figure 27 i{s 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 stteam 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 i
aquifer in upper Turpentine Run basin. The pattemn
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 alluvtum result {n a
slower but more prolonged response to recharge and
a slower discharge. The “troughs” in the
hydrograph during early 196S were caused by pump-
age (averaqging 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 embsyments.




Rainfall, vegetation, evaporation, surficial
leposits, and exposure to solar rad:iation are :ne
main factors aifecting recnarge to tne aquifers.

_eaky-salt water and sewage mains in Charlotte
amalie and effluent from sewage plants 1n tne
Turpenune Run nasin aiso ccntribute water to ihe
aquifers as does effluent from sepuc tanks :arougn
2ut tne 1sland. Recharge from these sources 1s
Zewrimental as it 1s @ gotential source ot pollution.

The pedrock aquifer 1s recharged infrequently
and only after a heavy rain or series of lesser
rains. 7The amount depends on the antecedent
rainfall and the degree to which soi1l moisture has
been depleted by evapotranspiration since the last
rain. ctxtensive 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 soll being completely saturated-~-saturation
being required only along the conduits between the
soil granules. This reduces the water needed to
satisfy soll-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, is necessary to initiate re-
charge to the bedrock aquifer. The amount of
rainfall necessary for recharge varies from one part
of the 1sland 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 13 less frequent than on the north-facing
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, a greater volume of water 18 neces-

Less frequent recharge on the south siopes

sary to overcome the soil-moisture deficiency before

recharge takes place.

Where the surfictal deposits (saprolite or

alluvium) are thick, ranging from 2 to 15 feet, as on
the north siope in the victnity of Dorothea, in 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. [n some places little recharge reaches
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the pedrock aquifer--as most i1s discharged to
spnngs cr streams directly from tne saprolite or
alluvium. 23 nas peen opserved 1n the vicinty of
Dorotnea on the north slope.

Runotf from major rainstorms 1s the principal
recharge to the aquifers of the ccastal empayments
3ng 1s an important source of recnarge to the
3lluvium of Turpentine Run. 3ase flow of Turpen-
iine Run and Bonne Resoluton Gut at Dorothea
3ay, whnen present, also contributes recharge to
the unconsolidated aquifers in their respective
03asins.

For conventence of discussion, the i1sland has
been divided into five ground-water areas as
shown tn figure 30. Esumates of yield in these
areas are given in table 5.

Table >.--Tsumated veid of Jround-water ureas. Jeq 1g. U

Jound-water | lrea, Zstimated vieia ~rnual recnarge,
ires I iam jpa mg/yr .aches

1 13.6 150,000 164 3.7

1 (Long dav! .3 1/1 70,000 1/1 25 4.9

1 (Lindberg 8ay) .2/ 30,000 34 11 1.1

2 B 3.4 350,000 128 12

I Upper pasin 2.3 mo.ooogﬂ 110 2.8

2 Lower oasin 141 50.000 4 18 1.1

3 1.6 250,000 n 1.2

4 .42/] 100.000 16 3.]

5 10.0 100.000 36 2

Total 12 1,250.000 455

1/ Approximate area of atluvium oaly.

2/ Does not inciude drainage basing at Areas | and 5
which contnbute rechatge to Area 4 from surtace-
~ater runoff.

Y T.eld included in Area 1 total.

i/ Yield included 1n Ares 2 total.

Ground-Water Areas

Area 1

Area 1 encompasses about half the land area.
It is underiain principally by fractured volcamc
tuff and breccia of the Louisenhoj Formatuon, 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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AREAS EXPLANATION

Arca 1

Wells 1n rock 50 to 300 feet 1n depth will yield up
to 1,000 gpd. In some larger basins and
alluviated embayments yields up to 10,000 gpd
may be possible. Water contains 1,000 to 1,500
g/l 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 1n rock 50 1o 2006 lect i depth vl yredd up
to 5,000 gpd. In some larger drainage bhasins,
yields up to 10,000 gpd may be possible. Water
contains about 1,000 mg/l dissolved sohids and
about 200 my/1 chlonde.  Wells dobled near the
sea and below sca level may vield braciash waten
when doilled o of pumped ot excessive taloe s,

Area 4

Wells in hmestone 50 to 150 fecl v depth wall
yield up to 50,000 gpd. Short-term yields of
selected wells may be as great as Y50, 000 gpd,
Water contains about 1,500 myg/] dissolved solds
and 200 to 300 mg/l chlonde, Wells dritled near
the sea or below sca level may yield brachish

water when drilled or if pumped ot excessive 1ates.,

Area 5

Wells in rock 50 to 300 feet in depth will yield up
to 1,000 gpd. In general yields are small. Wates
contains 1,000 to 1,500 mg/1 dissolved solwds and
300 to 500 mg/l chloride. Wells dulled on penin-
sulas and 1n coastal areas gcenerally will encounten
brackish water. Ground water polluted by leaky
salt-water mains in Charlotte Amahe arca.

Figure 30.--Ground-water areas of St. Thomas showing location ot wells, springs,

stream gages, and rain gayes.
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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 beiow
land surface 1n 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
rndges and least in the vaileys and lowlands.

‘Wells range in depth from 50 feet in the low
coastal areas to 250 feet or more near the central
ndge. [n general, the higher the aititude of the
well site the greater the depth of the weil. There
18 really no particular depth at which an aquifer can
be successfully tapped, as yieid depends entirely
on the depth and density of open water-beanng frac-
tures. A well in the Long 8ay 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 aititude 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 ytelds may be 10 times
greater.

Two valley aress, Long Bay and Lindberg Bay
on the east and west edge of Charlotts 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 steep-sioped voicanic ridges with
little soil cover. Alluvium as thick as 60 feet
overlies the bedrock. Near the coast the alluvium
underiies and interfingers with a thin beach-sand
deposit. A relatively impervious clay overlies the
bedrock from a iine about 1,500 feet inland sea-
ward to the shoreline at Long Bay, and probably
extends out under Long Bsy. Water is present in
the alluvial deposits, but the main aquifer is the
underlying voicanic rock. In general, the bedrock
underlying the alluvium yields more water than that
underiying the ridges. The zonea of greatast yield
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t> wells 1s oound 2y the two fauits cass,ng Tmroogn

‘ne area.

Sfactor aontnicutin: tIotre crzauctioits tf oo
s2drecv 13 tne sverving aliuvium that 2233 s 3

-

viraze resarror. Th2 zilyviot contains stun
suadcnities of wrlar. Tacause i ots L o Lermea-
otlity 1t seneraliy ieids Lttle water "~ wails
out it vitelds watsr sicwwly to tne LozZeriin: ces-
rock agquifer. The crincipal area Ui roc-rie o
the bedrocx aquifer rom rne 3lluwvizcm o0 1
‘2ot of the volcanic riages .atane @ .n: 1 :ie

“ne impervious clay wedge cappoing nw ooninlT
and mostly upgracient trom the area
water mains.

cary, -

The long-term y:eid cf the alluvium=--.edrcck
aquifer 1s estimated tc be from 60,307 -5 =0 ;40
5ed. The yield of wells ranges 'r~m az :ut 170
t> 70,000 gpd. The high yield ot scm2 -2t =h2
wells, however, has little to do witn ra2 lorn ;-
:arm yleld of the aquifer. Sustainec »:.mpaga -
excess of the long-term yield of the ajuifer wiil
deplete the fresh ground water 1n storaje ard rrop-
ably result in salt-water encroachment.

Salt water has encroached in a narrow strip cf
the alluvial aquifer bordering Long Bay because of
pumping dug wells 13, 14, and 15, which sugply
Pearson Gardens public housing. Nearly half the
alluvial aquifer, however, is contaminated to
some degree by leaky salt-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.

Salt water has entered the bedrock in at least
one place. Well 11 became saity after being
pumped heavily for about 3 months. Salt water
from the alluvium has apparently entered the bed-
rock aquifer through several improperly construc-
ted wells. [n 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-
1nating the bedrock aquifer in the vicinity of the
well.
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+ noranntial yiald of the zedrock equifer .z

crnitad to e 30,000 gpd, assuming 2ata tzi3rred

o s Leag 3day arza can ce applied.

3alt-~ater mains in the Sourne Field housing
ir2d are known to leak, ard it must be assumed
i3t na2 alluvium in that vicimity 1s contaminated.
The same care to pravent salt-water contamination
Y 1n.croper well construction must be taken auzre
s in the Long 3ay area.

~t one time a gallery paraileling the runway
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astablished at the position shown 1n figure 31,

Grourd-water levels in the basin fluctuate in
reiation to discharge from and recharge to the
squifers. Figures 29 and 27 are the hydrographs
of wells 19 and 24 anilled in badrock in the upper
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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 popuiations 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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' FIGURE 3-6. gmf

Projected demand of the service districts on St. Thomas for the year 1960.
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CDM. .‘ederal Programs Corpu.ation

March 6,.1989

Ms. Caroline Kwan

U.S. Environmental Protection Agency
26 Federal Plaza

Nev York, New York 10278

Project: EPA Contract No. 68-01-7331
Document No: T648-C02-EP-CZUU-1

Subject: CLP Sample Analysis Data Summary
Case No. 3900 I Ser 25
Tutu Vellfield Area
Vork Assignment 648

Dear Ms. Kwan:

Enclosed please find the summary CLP analyses results for samples
taken in the Tutu Wellfield Area, St. Thomas, U.S. Virgin Islands on
September 12 and 15, 1988. The samples were analyzed by Cenref Labs
Brighton, Colorado. The identification and location of the three
samples are given below:

Sample # Sample Location

eT-62 Tutu Texaco Service Station - oil/water separator
eE-63 Tutu Esso Service Station - holding tank X
eE-64 Tutu Esso Service Station - oil/water separator

Ve have taken the liberty to limit the list of compounds to include
benzenes, substituted benzenes, dichloroethane, dichloroethene,
trichloroethane, trichloroethene, tetrachloroethane, tetrachloroethene
compounds, toluene, xylene and any other compounds found above
detection limits. These compounds (BTEX and chlorinated hydrocarbons)
were identified as groundwater contaminants in past EPA sampling
events conducted in the Tutu Wellfield Area. Alkanes and related
compounds were not included.

It can be seen from the results that toluene, ethylbenzene and xylene
vere found in all three samples. A number of benzene-containing
volatile and extractable compounds vere tentatively identified in all
three samples. Sample eE-64 from the Esso oil/water separator also
contained detectable levels of methylene chloride, 2-butanone, 1,1,1 -
trichloroethane, tetrachloroethene and benzene. Copies of the
laboratory analysis data sheets for the three samples are attached.

B
R PR

40 Rector Sereet, 10th Floor  New York, NY 10006 212 393-9634
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Ms. C. Kwan
Page Two

All three of these sampling locations will be resampled later this
month due to a break in the chain-of-custody during the original
sample shipment.

Should you have any questions regarding these data, please do not
hesitate to call me at (212) 393-9634.

Sincerely,

CDM Federal Programs Corporation

IIT Regional Manager
SG/rw

Attachment

cc: P. Fischetti

J. Claypoole

NYC File

Document Control

(WP8/47)NY-GMO



LAB ANALYSIS DATA SHEETS
CENREF LABS

SAS No. 39001, Set 25

CoT



VOLATILE ORGANIC COMPOUNDS (mg/kg)

Compound : eT-62 eE-63 eT-64
methylene chloride 25u 250u 57+7
1,1-dichloroethene 25u 250u 25u
1,1-dichlorethane 25u 250u 25u
1,2-dichloroethene (total) 25u 250u 25u
1,2-dichloroethane 25u 250u 25u
2-butanone 50u 500u 62 v
1,1,1-trichloroethane 25u 250u 100 v~
trichloroethene 25u 250u 25u
1,1,2-trichloroethane 25u 250u 25u
tetrachloroethene 25u 250u 65 v~
1,1,2,2-tetrachloroethane 25u 250u 25u
benzene 25u 250u 29 \/
toluene 140 1800 2900*
ethylbenzene 400 230 4500*
xylene (total) 160 1600 1900+

Tentatively identified compounds:

propyl benzene - 12009 890J
ethyl methyl benzene 860J 6000J 16003
C3 substituted benzene - 22005 -
C3 substituted benzene - 18003 -
trimethyl benzene 3703 ' 8000J 1000J
ethyl methyl benzene - 17003 940J
trimethyl benzene 13003 - 19005
trimethyl benzene 390J - 10003
methyl propyl benzene 4703 14003 10009
methyl methyl ethyl benzene 5500 - 11000
C4 substituted benzene 280J 20000 7603
C4 substituted benzene - 12000 -
C4 substituted benezene - 9500 -
ethyl dimethyl benzene 4400 - -
tetramethyl benzene - - 680J
ethyl methyl benzene - 9400

tetramethyl benzene 4000

u - below the detection limit
J - estimated value
* — value from analysis of a diluted aliquot of this sample

PM/52

N S
f SIe%]
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EXTRACTABLE ORGANIC COMPOUNDS (mg/kg)

Tentatively identified compounds:

C4 substituted benzene

C4 substituted benzene

ethyl dimethyl benzene
l-methyl-3-(1l-methyl ethyl)-benzene
tetramethyl benzene

tetramethyl benzene
methyl-propyl benzene
dihydro-methyl benzene
dimethyl-(methyl ethyl)-benzene
methyl naphthalene

substituted methyl naphthalene
dimethyl naphthalene
dihydro-methyl-indene
dihydro-dimethyl-indene

J - estimated concentration

eT-62
2203

260J
260J
3900
2500

eE-63

930J
6207
690J
7200
5403
7103

990J

690J

eT-64
14000
7803
16003
360J

410J
7200

2907

490J
2703
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HIGH CONCENTRATION VOLATILE ANALYSIS DATA S

wLab Name: (\Q/W (\7504(,1&‘5_)
Y]

019

' EPA SAMPLE NO.

|
Contract: L¥.-0| "I&hg :BAAOCV]

SAs 3900x

Lab Code: _{'; case No.: SAS No.: / SDG No.:’aﬁﬂ.ﬁ’y

Phase Type: WL Lab Sample ID:

Phase weight: [-Q (9) Lab File ID: 75/384

Final Extract Volume: (0.0 (mL) Date Received: q!«ll I? 9

Aliquot Volune: 100 (uL) Date Separated:

Conversion Factor: 50 Date Analyzed: /?//7/14’ '

CONCENTRATION
CAS NO. COMPOUND (mg/Kg) Q

! { , | |
| 74-87=3-=—=—=eee= Chloromethane | Soo (A |
| 74=-83~9-~——wem=== Bromomethane | BYsle 7
| 75-01-4-=——=e—e- Vinyl Chloride ' | <20 A |
| 75=00=3—=——=—==—- Chlorcethane | x=y-] | A i
| 75=09=2=——=—===- Methylene Chloride | 252 7N
| 67-64=1l-c=—m==e= Acetone | Soo: | _« |
] 75=15=0=——m—me—— Carbon Disulfide | &£ ST e |

. { 75=35~4-——m—w——= 1,1-Dichlorcethene i 250 | A |
| 75-34-3-=====--=1,1-Dichloroethane | 250 U |
| 540~59-0====c=—- 1,2-Dichlorocethene (total)_ | §.§° 2N
| 67-66-3-~=======Chloroform | o A |
| 107-06=2~~====w=- 1,2~Dichloroethane l 2SO |
| 78=93=3—-—=—e——— 2-Butanone [ 500 |—a |
| 71-55=6====——=== 1,1,1-Trichlorcethane | =S 0 |
| 56=23=S=——————w-— Carbon Tetrachloride | o5 o 7
| 108=05—-4~~—=—=u- Vinyl Acetate | K.Y | & ]
| 75=27=4=————=——m Bromodichloromethane |- e | w |
} 78=-87=5=====—=——=1,2-Dichloropropane ] 250 | d |
| 10061-01-5===———cis-1,3-Dichloropropene { 257 72N
| 79-01-6---—--—=-=-Trichlorocethene l 250 A |
| 124-48-1-—--—--Dibromochloromethane ] 250 | o |
| 79-00-5-====~===~1,1,2-Trichlorocethane | RS0 |« |
| 71-43-2===—=—=——<=Benzene | LSO (A |
| 10061-02-6-~-———trans-1,3-Dichloropropene | 2SO | |
| 75=25=2=we———- ——Bromoform - | oSO | a |
| 108-10~-1l-====——= 4-Methyl-2-Pentanone | Soo | A |
| 591-78=6~====—==- 2-Hexanone | _Soo |_ & |
| 127-18~-4-===— ——Tetrachloroethene | 250 7
| 79-34-5-———=-=—- 1,1,2,2-Tetrachlorocethane | e P |
| 108-88~3-=~=~==-Toluene { /800 l=——1
| 108=-90=7—==r—=—==- Chlorobenzene | 252 | K]
| 100-41-4~-==—===< Ethylbenzene | 230 ! |
| 100-42-5~==~=-~—=Styrene { 250 | el |
| 1330-20~7~~====- Xylene (total) | 1600 | |
l l . !



Lab Name:

Lab Code:

1HE

HIGH CONCENTRATION VOLATILE ANALYSIS DATA SHEET

(onnet FHols

TENTATIVELY IDENTIFIED COMPOUNDS

Contract: 4&£-0/. Qgés | 8144 o

Phase Type:

Phase weight:

é%gﬂ%;é/Case No.:

wWwI
_ 1O (9 _

Final Extract Volume: /0-O (mL)

020

EPA SAMPLE NoO.
l

sas wo.: LT enc wo.: RAA097

Lab Sample ID:
Lab File ID: >384
Date Received: jiﬁnglgf

Aliquot Volunme: /29  (ulL) Date Separated:
Conversion Factor: Yo Date Analyzed: ,/Q/9774éf1

Number TICs found: /QD

i | |- EST. CONC. |
CAS NUMBER l COMPOUND NAME | RT 1 (mg/Kg) | Q
==== | m== | | i
1. /0365 | "2pyl Fenzene |_/5.9¢ | /Ro0 |_ T
. | LA e ene | /572 | &000 | I~
3. | Co SubsFFut: | ~569 | X200 e
4. | unbagwn C2 Substuresd Denzeae |_z6.08 | [ o0 | I
5. | unnoeen *Fr maMy/ Sen | .92 | F220 |_T
6. lmM&ﬁl /7238 __|__/720 \—T
7. I Pe 7 | Loz | ___s400 |
8. ] Coy L | P2/ | <2000 | 2
9. I < ; erZare | _220¥ | __s=00 | T
ig. ‘laggmm Oy Substitubed Benreqe | 2007 | 242 | ol
. { i |
12. | I { !
13. | | I I
14. | { | |
15. I | l I
16. [ | | {
17. I I | |
18. | | | |
19. | | | |
20. | [ ] |
21. | | | |
22. ] | | [
23. | : | l |
24. | | | l
25. | | | |
26. i i | |
27. [ I | |
28. I | | |
29. | | | |
30. | | [ !
| | | i

4
FORM I HCV-TIC

L)

va LT g Yo

&



1HB

220

EPA SAMPLE NO.

HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET

| N
Lab Neme: (en uf Lebs Contract: (§-01-796S5 | BAN/? T :
Lab Code: (EpQEF  Case No.: SAS No.:390L-$t25 SDG No.: BAAVS7
Phase Type: LoiL Lab Sample ID:
Phase weight: V. (9) Lab File ID: SC[]0O0
Final Extract Volume: ]. 0 (mL) Date Received: 9-21-8¥%X
Injection Volunme: (uL) Date Separated: -
Conversion Factor: 2.0 Date Extracted: /4-¢ -89 .
pH: 1.0 Date Analyzed: /&-/1-9¢
CONCENTRATICN
CAS NO. COMPOUND (mg/Ka) Q
I I | !
| 108=-85-2=====——~ fhencl | [ |
! 11ll-44 -4 —mmmm——— bis(2-Chlcroetnyl)ether | | i
| 95=57=8————=ec=—- 2-Chlorochenol R | [
| 541-73-1=-—=—v——- 1,3- -Dichlorctenzene | | |
| 106=46=7~===v=== 1,4-Dichlorobenzene { | |
| 100-51-6=-—=—=—=—=- 2enzyl alcchol i | |
| 95-50~1l=m—m===—- 1,2-Dichlorocbenzene | | |
| 95=48~T7===—=m———— 2-Methylphenol | ( |
| 108-60~1l====c—— pis(2-Chloroisopropyl)ether | [ |
| 106~44-5-=—====—-4-Methylphenol | | |
| 621-64-7-~=—-———-N-Nitreoso-di-n-prcpylamine__ | I |
{ 67-72-1-—==—o==- Hexachloroethane | l |
[ 98+-95=3=———————m Nitrobenzene | | I
| 78=59=]l-=———=——- Isophorone | | |
| 88~75=5=——em——e—= 2-Nitrophencl I [ |
| 105-67=9=====——— 2,4-Dimethylphencl | | |
| 65-85=-0==—==———— Benzoic acid | | |
] 111-91-=l-—==—=——- bls(2-Chloroethoxy)metnane | | |
| 120-83-2=====—=- 2,4-Dichlorophenocl i | |
| 120-82-1-===--=-1,2,4-Trichlorobenzene | { |
| 91-20=-3=====———- Naphthalene - | | |
| 106-47-8=---————=4-Chloroaniline [ [ |
| 87-68-3~==——w——= Hexachlorobutadiene } | |
| §59~50=7—=————=—— 4-Chloro-3-methylphenol | ] |
| 91-57-6===—===—= 2-Methylnaphthalene | | |
| 77=47~4==vc—m———m Hexachlorocyclopentadiene | | |
| 88-06=2—==——=——~ 2,4,6-Trichlorophenol | | |
| 95-~95~4-=—cmme——= 2,4,5-Trichlorophenol ] | |
| 91-58-7—====——— 2-Chloronaphthalene | { |
| 88-74-4-=-=—-—--2-Nitroaniline | I |
] 131-11-3—-====——— Dimethylphthalate | | |
|] 208-96~8==—==——- Acenaphthylene | - |
| 606-20-2-——===== 2,6-Dinitrotoluene | I |
I ‘ I NS

FORM I HCE-1l



221

1HC EPA SAMPLE NO.
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET
Lab Nare: /1:.;1 /Zu( L:.b_s Contract: (H§-01-74(5 .QA A097
Lau Code: _(Epd£F Case No.: SAS No.:379pr-$<+25 SDG No.: BAAss7
Phase Type: Wit Lab Sample ID:
Phase weight: . | (g) Lab File ID: >¢C 1100
Final Extract Volume: I, o (mL) Date Received: _ 9-2/-¥§
Injection Volume: | (uL) Date Separated: T
Conversion Factor: 20 Date Extracted: /0-(-%8 .
pH: l_D Date Analyzed: /0~//-8§
CONCENTRATION
CAS NoO. COMPOUND (ng/Kc) Q
| ! | |
| 99-09-2-===——m=== 3-Nitrcaniline ] | |
| 83-32~9=~—cem=—- Acenapntihene | | |
| 51=-28~S=me———e——— 2,4-Dinitrorhencl i | |
| 100-02=7——=—e==- 4-Nitrophenol | ] |
| 132=64-9—=——w—ee- Dibenzofuran | | |
- | 121-14-2~=====—- 2,4-Dinitrotoluene | | |
| 84=-66-2——=~————u- Diethylphthalate | | |
] 7005~72-3~==c=== 4-Chlorophenyl-phenylether | | |
| BE=T73-T———————mm Fluorene | | |
| 100-01-6-—~—=——- 4-Nitroaniline | | i
| 534-52-1-=—=——=— 4,6-Dinitro-2-methylphenol | | |
| 86=30=6——=———=—u- N-Nitrosodiphenylamine (1)__ | | |
| 101-55-3—=——==== 4-Bromopvhenyl-phenylether | | |
| 319-84-6~—=——v—=e=- alpha-BHC | 200 | e |
| 118-74=1-=~=c=== Hexachlorobenzene | | |
| 319~85-7—==—>—~— beta-BHC | D60 | |
| 87-86-5=—=—m—=——= Pentachlorophenol | | [
| 58=-89=9——=———w— —ganma-~-B8HC (Lindane) | 200 | we |
| 85-01-B8=——=——e—- Phenanthrene | i |
| 120-12=7==-=—==- Anthracene | | |
{ 319-B6-8=—====== delta-BHC | 20D |oeC |
| 76~44=8-=——=v——~ Heptachlor | 200 | |
| 309-00-2-—=====—= Aldrin | 200 | e |
] 84~74—-2———rmmee= Dx-n-butylphthalate | : i |
| 206=44~0====——m- Fluoranthene | | |
| 1024-57=3~==ce—- Heptachlor epoxide | =200 | e |
| 27323-18-B8w==m== Monochlorobiphenyl | jOOD |t |
| 2051=-60~7~======~ Dichlorobiphenyl | {000 | e |
| 2051-61-8~——=——- Trichlorobiphenyl | (000 | ow |
| 2051-62-9~—==—=—-Tetrachlorobiphenyl | OO0 e |
| 129-00=0—~======- Pyrene | | |
| 5103-74-2-——=——— gamma-Chlordane I 200 | S
NP ! i
(1) = Cannot be separated from Diphenylamine l

FORM T HCE-2°¢

N et OoL WETL
O\.\\\}}&b&



222

¢
FORM I HCE-3

1HD EPA SAMPLE NO.
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET
l |
. - , I o
Lab Name: (4o 0.l [, b5 Contract: (4§-£(-74LS | B A Aoa7 |
S
Lab Ccde: _((EqdEF Case No.: SAS No.:3940L-4r27 SDG No.: Rdacd7
Phase Type: WwIL Lab Sample ID:
Phase weight: _ .1  (q9) Lab File ID: >Cl1o0
Final Extract Volune: [. O (mL) Date Received: 7-21-¢9%
Injection Volume: / (uL) Date Separated: —
Cenversion Factor: < Date Extracted: /s-4-870
gH: >0 Date Analvzed: /& -11-83
CONCENTRATION
CAS MNO. CoMPOUND (mg/Xg) Q
I I [ !
| 959=98~8w—=—————— Zndosulfan I | 2C0 e |
| 5103-71-8~======= alpha-Chlordane | 20p0 | « {
| 25429-29=2==——=- Pentachlorobiphenyl | JoO O = |
| 72=-55=9==———c—=— 4,4'-DDE | L0 | |
| 60=57=1l-=~—=—=—= Dieldrin | 20D |~ w |
o | 26601-64=0=——=== Hexachlorcoiphenyl i Y |« |
| 72-20-8-===——==- Endrin [ 2co | e | a
| 33213-65-9~=———=Endosulfan II { 200 | |@ :
| 72-54-8==——=——== 4,4'-DDD | 20¢ w |
| 28655=71-2—-===== Heptachlorobiphenyl [ OO0 |
| 85-68=7—==—==——=—= Butylbenzylphthalate | | |
| 1031-07-8=======~ Endosulfan sulfate ! 20, | L !
| S0=29=3—m———me—— 4,4'-DDT | _a0¢ | "o |
| 53494-70=5-—=——- Endrin ketone | 20¢ .
| 56=55=3cecccee——- Benzo(a)anthracene | - | |
| 72-43-5-===——=== Methoxychlor | YeYs) | w |
| 218-01-9==—m==—= Chrysene | | |
| 55722-26-4-—==~= Octachlorobiphenyl ] o0 w1 .
| 91-94-l=———————- 3,3'-Dichlorobenzidine | | |
] 117=-8l-~7=r=————— bis(2-Ethylhexyl)phthalate__ | ] - ]
| 53742-07=T7==w==- Nonachlorobiphenyl | KOLO | e |
] 2051-24-3—=~=—=== Decachlorobiphenyl |+ 2000 Pt |
| 117-84~0====———m Di-n-octylphthalate | | !
] 205-99-2—==———=== Benzo(b) fluoranthene ] i ]
| 207-08~9—=m~ew——=- Benzo(k) fluoranthene | | ]
] 50-32-8~=—==—e=== Benzo(a)pyrene ] ] ]
| 193-39-8==——=e—- Indeno(1,2,3-cd)pyrene | | |
| 53-70=3-===—=——m Dibenz (a,h)anthracene | ] ]
] 191-24-2-====—=- Benzo(g,h,i)perylene | | |
I — | | |
N

-y - -



1HF ) EPA SAMPLE NO.
HIGH CONCENTRATYON EXTRACTABLE ANALYSIS DATA SKEET
— TENTATIVELY IDENTIFIED CCMPOUNDS |

tab Name:__(¢q Ref Labs Contract: 4 R-//-7Y(LS : BAACG 7

Lab Code: _CENJEF Case No.: SAS No.: 39247-<+25SDG No.: BAAss 7

Phase Type: Wit Lab Sample ID:

Phase weight: /.1 (g) Lab File ID: > /00
Final Extract Volume: | (mL) Date Received: _ 7°2/-9§
Injection Volume: _ [  (ulL) Date Separated:

Conversion Factor: 20 Date Extractad: /2-¢-8%
pH: 7.0 Date Analyzed: /O —//-8%

7]

Number TICs found: !

EST. CONC.

| | | ] |

| CAS NUMBER | COMPOUND NAME |  RT | (me |, q) I Q

| ! { ! |

| 1. | Co Sylesiniand Popzopne | Y 20 { 920 Y

| 2. | Cv <ipsi-.ivd Ronzene | 9.2 1 £ 20 | o

! 3. l G| /Jﬂ'\qd\f ’anzppﬁ ' ?__?? I 274 I :'r

. 4.53773 | lomelh ) 2=/ mpysb doebhofl-Ronzenc| 9. 90 | 70 | T

| S. | esran' oo Renzene ME-Cipo | /0.3 | S | T

| 6. | Yot Sl Repn2ene ME= CIDRIN | 106! ] TN | O

I 7. | Ahcicr ~ethd Zadone mE- oy HI2 | 120 | (290 | T

| 8. | untorin RlVane ME=CLabe | _12.00 ! /175 |

| S. | mMoshot Nipphih-lene x| 12 99 | G, | T

{ 1l0. P wnemsion B rg nE - C1g Sus | 23, 94 | (oSN |\ T

b 1l. _u9e¢ | _Eico<ang | 24,.<¢ | 790 | L

| 12. ' Lo fivem ‘s . (57 a C e | 1€ 04 | Tl | e

[ 13. | _tumCppoe Alcung | IS. 81 | /00 |

| 14. | tan¥rogin  Sleang |28 | 1spc | S

| 1S. | _tankproy Altend, {24 | __23¢0 | I

| 16. | tambnpn Blvane |28 < | 1140 | T

l 17. l nboan Ol dang, ' \30 24 l l/;/\O l T

| 18. | nbnsim Flvoog 2. 668 | 1340 | T

| 19. | I | I

| 20. | | | |

| 21. | [ [ I

| 22. I | l !

| 23. 1 [ | |

| 24. | | | |

| 2s. | l | |

| 26. } ! i |

| 27. | | | |

| 28. | | | |

'29. | | { |
30. | ( { |

N | | | |

— —— —— —— — — —— — Gt T — Y. ST . S Gr— —— —— S — —— v— — —— —— S . S Gogm e

e
: §\ L ool E

FORM I HCE-TIC (.
\Oo



HIGH CONCENTRATION VOLATILE ANALYSIS

"Lab Nane: Cjnrzs- Labe
Lab Code: ( ggrg& Case No.:

048

DATA SHEET
|

24900

EPA SAMPLE NO.

B
Contract: 43 -01-IbS | TRAANAK

SAS No.: o2, SDG No.: BaACAY

Phase Type: wx L Lab Sample ID:

Phase weight: 1.O (3s) Lab File ID: A\

Final Extract Volume: |0.(D (mlL) i Date Received: 917,2]3%

Alicuot Volume: 10 (ulL) Date Separated:

Conversicn Factor: >.0 Date Analyzed: p 1513%

CONCENTRATION
CAS NO. COH¥FOLND (mg/Ka) Q

! | ! !
| 74=87=3-=——==w=- Chlcrezetliane | S0l {
| 74=-83-9-—-—~-----Zrcnczethane ] SOl x|
[ 75-01=4===--~--——=Vinvl Chlcride , | S0t o1y |
| 75-=00-3====—====~ Chlcrcethane | SO |
] 75-09=2~======—- Methylene Chlorice | SF | |
| 67-64~l-———m—=—" AceTcne | Sol o |
| 78=15-0===—=>——=~ Carzon Disulfide | 25 | (o |
| 75=35=4=——=—====- 1,1l-Dichlorcethene | 25 | _a |

— | 75=34-3-—=—=c=== 1,1-Dichloroethane ] 251 e |
| 540-59-0======== 1,2-Dichloroethene (total)_ | 25| e |
| 67=-66-3==——====~=Chloroform | 25w |
| 107-06-2-======- 1,2-Dichlorcethane | 2.5 | |
| 78-93=3-~—=—==~--2-2utanone | 2 | I
| 71-553=-6—===c=—=— 1,1,1-Trichlorocethane 10O |
{ 56=23-5==—==—==— Carbon Tetrachlorice [ 25 | |
| 108-05~4=——==e-—— Vinyl Acetate i 25 | 14 |
| 75=-27-4————==u-— Sromocdichloromethane ] 25 | |
| 78=87-5==—=—==—- 1,2-Dichloreopropane ] 25 | _{, 1
| 10061-01-5~===== cis-1,3-Dichloropropene | 25 | (a0 |
| 79-01-6~—=—=e==- Trichlorcethene | 15 | g |
| 124-48-1l~==—==—= Dibromochlorcocmethane | 25 1 aa |
| 79=00-5-——=—===== 1,1,2-Trichloroethane | 25 | 1A |
| 71-43-2=======—— Senzene | 294 ] l
] 10061-02-6=~—=——= trans-1l,3-Dichloropropene ] 25 |14 |
| 75-25-2-=——===—- Bromoform . | 25 | |
| 108-10~-1——====—— 4-Methyl-2-Pentanone | S50 |y I
| 591-78=6==—=m——= 2-Hexanone | S50 o |
| 127~18-d4==—=e—=== Tetrachloroethene | 05 | |
| 79=34-5-=~====—= 1,1,2,2-Tetrachloroethane___ | I |
| 108-88~3————=—~- Toluene ~ | |
| 108=-90~7===———== Chlorobenzene ] !
| 100-41-4-——~===—v Ethylbenzene | |
] 100-42-5-=~===== Styrene | 1 | I
[ 1330-20-7=~——==—= Xylene (total) ;ﬁm] |

¥ Value .{:fgy\,\ &M&n’l‘ﬁg,’& Lt &(///J{e_ﬂ Q(:’G‘qc-(
FORM I HCV

A s

Sormn L7



Lab Name: Concet L alos

Phase Type:

/ s - ’ e
AT -

Lo
1HE

TENTATIVELY IDENTIFIED COMPOUNDS

HIGH CONCENTRATION VOLATILE ANALISIS DATA SHEET

049

EPA SAMPLE No.

Contract: pX-0V\-34d S | =AM AOYYR |
24001
Lab Ccde: ( EOCEE Case No.: SAS No.: oet235 SDG No.: RAAOTH
WL Lab Sample ID:
L.O (g) Lab File ID: TA WX

Phase weight:
Final Extract Volume: \O.(D) (amL)

Alicuot Volunme: \O (uL)

Conversion Factor: S .O

Number TICs found: 1)

Date Separated:

Date Received: Ctb?-[%%

Date Analyzed: pls l%%

! l | EST. CONC. | I
CAS NUM3ER | COMPOUND NAMET | RT | (mg/Kg) | Q |
== m====== ‘ ==== == = —' I ==== l =_——= '
1._10%0S | «gppyl Renzend l_z2aa\F | Ao | <
2. g - 13 - | _21.41p | 1 QO |_=s !
3. | 3cimesnul 8 pnrean | 21.59 i Loon ey |
4. ] g ! NT L AL | 22.0> | g 40 =5 ]
5. | 358 l 22,21 | 1900 | X [
6. |teimetn X Bonrend | 23.54 | 1000 [ = l
7. | |24.0 | 1000 = |
8. f , | 24.20 | I¥eYoN | =< {
o. | S L | 2510 | 360 = l
i(ll-- :-*-Q\-Lﬂmo*\-i«u\ﬁzf\riu :_au_._zg__ll 0RO (B I
. = | l
12. | ] ! | |
13. ! | f [ |
14. [ | | | |
15. [ | | | |
16. | | | f |
17. | ] | | 1
18. | | | I |
19. | | | I ]
20. | [ | ] |
21. | | | | |
22. ] ] | | {
23. | | ! ! ]
24. | | | | I
2s5. | | I | |
26. | | | | |
27. | | | | |
28. | | | ! |
29. | { | | |
30. | [ | I |
_ | ! l | !
SNV S|
¢
FORM I ECV-TIC ,b%‘ 1/88

ﬂ7£947’



260

1HB ' EPA SAMPLE NO.
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET
| |

I
zab Name: (en Quf lebs Contract: (§-01-744S { BAAOQ g {
Lab Code: CEpNQEF  Case No.: SAS No.:3¢r-$¢25 SDG No.: BAARVS7
Phase Type: wlt Lab Sample ID:
Phase weight: 1.0 (9) Lab File ID: sellol
Final Extract Volume: |.O (mL) Date Received: 5-21-%% -
Injection Volunme: ! (ul) 'Date Separated: —
Conversion Factor: 20 Date Extracted: /J4-( -89
pH: 3.0 Date Analyzed: /0‘0-33)
CONCENTRATICN
CAS NO. COMPOUND .(mg/Kg) Q
! I | !
| 108=85-2===~=——- Shencl | | '
| 11l1-44=4==———==—=~ pis(2-Chlcroethyl)ether | | i
| 95-537-8=-=—c——=== 2-Chlororhenol R | |
| 541-73-1l-=—==——- 1,3-Dichlorobenzene | | |
| 106=46=7—==—==—~ 1,4-Dichlorobenzene | | [
| 100=-51=6==——c=w— Benzyl alcochol | | |
| 95-50-1-=——=====1,2-Dichlorobenzene | | [
| 95=48=7—=——===—— 2-Methylphenol | | |
| 108-60-1=====——= bis(2-Chloroisopropyl)ether | | |
| 106-44-5-—~—c—=~ 4-Methylphenol | | |
| 621-64-7-—-—-———N-Nitroso-di-n-propylamine__ | | |
| 67=72=1-=====——v tiexachloroethane | [ |
| 98-95-3=c=c—w=—= Nitrobenzene | | |
| 78=59=-1l-———————-— Iscphorone | | i
| 88=75-5==———c=== 2-Nitrophenol | | I
| 105=67-9==—=————= 2,4-Dimethylphenol | | |
| 65-85-0---———---Benzoic acid | [ |
| 111-91- l—-~-—-—bls(2-Cnloroetnoxy)methane | | |
| 120-83=2=——=e—- 2,4-Dichlorocphenol i | |
| 120-82=1l======—- 1,2,4 Trzchlorobenzene | | |
| 91=-20=3=======—- Naphthalene | I |
| 106=-47-8=———==—- 4-Chlorcaniline { | [
| 87-68=3~==—=—= ——Hexachlorobutadiene | | l
| 59=50=7===——==== 4-Chloro-3-methylphenol | | l
| 91=57=6—=———w== 2-Methylnaphthalene ~ | | |
| 77=47-4=~——me——e Hexachlorocyclopentadiene | | |
| 88-06=-2~—————=== 2,4,6-Trichlorophenol | | i
| 95-95~4==——c—=mm 2,4,5-Trichlorophenol | [ f
| 91-58=7—====~=—— 2-Chloronaphthalene | | |
| 88-74-4-—-=——---2-Nitroaniline | | I
] 131-11-3-=——==—- Dimethylphthalate | | |
| 208-96-8——————--Acenaphthylene | - | |
_ | 606-20-2———===== 2,6-Dinitrotoluene | | |
! ¢ ! ;:&;§§§Jl7

FORM I HCE-1 T GOl @Y " 1/88



HIGH CONCENTRATION EXTRACTABLE ANALYSIS

1HC

Lab Name: ('m &[ Lebs

Lau Code: _(EpfE£Ff Case No.:
Phase Type:

Phase weight:

Final Extract Volume: [ O (mL) Date Received: i“Zl‘QY

Injection Volunme: | (uL) Date Separated: -

Conversion Factor: 20 Date Extracted: /0-(-88 .

pH: ?__0. Date Analyzed: /07//-8§

CONCENTRATION
CAS NO. COMPOUND (mg/Kg) Q

| | I I
| 99-09-2-—=——=~~=3=Nitrcaniline i | [
| 83-32-9——c——m=—- Acanaphthene | | |
] 51-28~5—~=——==== 2,4-Dinitrophenol | I ]
| 100-02~7======-= 4-Nitrophenol | | [
| 132-64~-9———=——=—~ Dibenzofuran | { [
| 121-14-2-=—==—=- 2,4-Dinitrotoluene { | |

e | 84=66=2———————0— Diethylphthalate { | I
] 7005-72=3======= 4~Chlorophenyl-phenylether_ | | i
| 86~73~T7——=——=e—= Fluorene | | |
] 100-01-6==~—==== 4-Nitroaniline | | |
| 534=-52«1—-=====e= 4,6-Dinitro-2-methylphenol | { |
| 86-30=6——=c—===— N-Nitrosodiphenylamine (1)__ | | |
| 101-55-3—==c—=== 4-Bromophenyl-phenylether | | |
| 319-84-6-=————--=alpha-BHC | 200 | e |
] 118-74~l=——====—=— Hexachlorcbenzene i | i
| 319-85-7==—===—m beta-BHC [ JC0 I_& |
| 87-86-5-—~———=—— Pentachlorophenol | | |
| 58-89-9~-~=~——=—=-—~gamma-8HC (Lindane) | 260 | e |
| 85~01~8==——=—=——=— Phenanthrene 3 | |
] 120-12-7=~--—=—-Anthracene | ] i
| 319-86-8~-——=~——=delta-BHC | 2060 | el |
| 76=44=~8==———=——m Heptachlor I 200 ||
| 309-00-2-======= Aldrin | " 200 e |
| 84=74=2=—————=—= Di-n-butylphthalate ] : | |
] 206=44-0—=—————— fluoranthene | i {
| 1024-57-3---————Heptachlor epoxide | 200 | e |
| 27323-18~8==—=—— Monochlorobiphenyl ] 1000 | |
| 2051=-60~7——=—=—~= Dichlorobiphenyl | [OOD | e |
| 2051-61-8=—————= Trichlorobiphenyl | 1000 | w |
| 2051-62-9~==——~-Tetrachlorobiphenyl | 1000 e |
| 129-00-0—-———=——— Pyrene | | !
| 5103-74-2-----——gamma-Chlordane | 200 P |
l

~ (1) - Cannot be separated from Diphenylamine ! l N o"'#

Wit
d-0 (9

266

EPA SAMPLE NO.

DATA SHEET
!
|
Contract:_ (s8-0I-74Ls | BAACGE .
SAS No.: 3fosr-$<t25 SDG No.: BAA097
Lab Sample ID: 4
Lab File ID: >Sclo!

FORM I HCL-2



HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET

Lab Name: (3w 0, f [c b5

Lab Code: _(EpREF Case No.:
Phase Type: wiL

Phase weight: [.0 (9)

Final Extract Volume: _J.O (mL)
Injection Volume: _J  (uL)

Conversion Factor: 20

1HD

EPA SAMPLE NO.

[
Contract: (5-£1- 7465 I

BAAbGs |

Lab Sample ID:

Date Received:

Date Extracted:

SAS No.:siz‘or—q,-zf SDG No.: Rdao57

Lab File ID:

>Cl]ol

Date Separated:

9-21-49

——

le-4-88

pa: 10 Date Analyzed: _/p-/1-&§
CONCENTRATION
CAS NO. COMPOUND (mg/Kg) Q

| | I I
| 959-98-8====w=—= Zndosulfan I ] 2C0 | Lo |
| 5103-71-9-==—=== alpha-Chlordane | 200 |«
| 25429-29-2-=—=-= Pentachlorobiphenyl | oo | _w
| 72-55-9~=—n—mee= 4,4'-DDE | 200 ||
| 60=57=1==m=————= Dieldrin I _200 | o |
~ | 26601-64~9~——=== Hexachlorobiphenyl | | 000 | w1
| 72-20-8=====——=—~ Zndrin [ 20 | w /]

| 33213-65-9~--—-—=-Endosulfan II | 200 | " 3 |Fi~/
| 72-54=8-—————=—- 4,4'-DDD | 200 | Y|
| 28655-=71=2===——- Heptachlorobiphenyl | LoD | ]
| 85=68=7—~=——=—=— Butylbenzylphthalate | I |
| 1031-07-8-~~-—--Endosulfan sulfate | 200 | |
| 50-29=3==———s==- 4,4'-DDT | 200 | &
| 53494-70-5---—==Endrin ketone | 200D ||
| 56-55=3====cc—c—" Benzo(a)anthracene | - | |
| 72-43=5«=———==== Methexychlor | D200 | w |
| 218-01-9====-==- Chrysene | ] ]
| 55722-26-4===== —Octachlorobiphenyl [ 2000 I« |
| 91-94~1l-=—=me—a= 3,3'-Dichlorobenzidine | | |
| 117-81=7=—=—==—— bis(2-Ethylhexyl)phthalate_ | | - |
| 53742-07=7====—- Nonachlorobiphenyl | 2L2C00 TS
| 2051-24-3------=Decachlorobiphenyl | v S60D W |
| 117-84=0==~==—=——= Di-n-octylphthalate | | |
| 205-99-2~~=—===— Benzo(b) fluoranthene | | [
| 207-08-9======== Benzo(k) fluoranthene { | ]
| 50-32-8======w=- Benzo(a)pyrene | | |
| 193-39-5-=—===—- Indeno(1,2,3-cd)pyrene | | |
| 53-70-3~=====——= Dibenz(a,h)anthracene | | |
| 191-24=-2==——=——- Benzo(g,h,i)perylene | | |

I — i | k&%?
- v

(ORAN

¢
FORM I HCE-3



HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SREET
TENTATIVELY IDENTITIED CCMPOUNDS

1HY

268

EPA SAMPLE NO.

!

i
Lab Neme: ('¢qg Ref Labs Contract: (L K-//-79(4S | BAA298
Lab Ccde: _CENYEF Case No.: SAS No.: 39447-$#25SDG No.: BAhss 7
Fhase Type: Wit Lab Sample ID:
Phase weight: [. 0 (g) Lab File ID: >cr/01
Final Extract Volume: ! (mL) Date Received: 7-2/-95
Injection Volume: / (uL) Date Separated:
Conversion Factor: 20 Date Extracted: /2-4-8%
pH: 2.0 Date Analyzed: /o —//-8§%
Number TICs found: |l
{ | | | EST. CONC. |
| CAS NUMZRER | CCMPOUND NAME | RT | (mg/Kg) , | Q
| | { ! =
| 1. | G4 Subshi ted Denzgenc | Q.29 | (400 | I
’ 2. ‘ Q‘H‘ g = A —?‘Mﬂ( us‘—cmqul Q.43 ; 7% | a—r
i 3. | : £ cin il _9.59 | 222 | L
4._<25773 | [ECYar uq.,m-u\ -Renzel _9-84 | 1600 | T
~ S._uacaid | ue»ﬁoJ | _f0.19 ! 420 I
| . | _Tetcamext ! Rpnoene wmE=pninwid | _[£.87 | J&0 | _T
b7, | "Dmuw«“r Renzerg ME=C 1 9 | _10.Gle | AiC |3
| 8. { d. h.;r{rn -methol-Tdene ME-crodyz | 11,273 { 490 | T
[ 9._ 112403 | _Dedecace > | 2.4/ | &90 | T
| 10. l_tntpogm ALY, mE-CIRH28 | _12.35 | 320 | I
| 11. | tabpney | 12.83 | 3CO | I~
[ 12. ! Acrnod agss . T di_t2. 4 | 270 | T
[ 13. | nbinrin ruc\rf“e‘_«rb.m MF-= /‘J"’f’ZFI [3.99 | (727, | L.
| 14. | <“=<t-¢4 Lo ceedh, | plaphthe lone | _(4.2€ - | 290 | T
| 15. | tanbp oa Blvangs' mME=CIUHRC |_IS. &9 | o6 |
| 16. | wnlrrogp - txle k. 1({(f('afh/'n [l .92 | | SO | T
I 17. { | | |
| 18. { | | |
f 19. | { | l
| 20. [ l | {
I 21. | [ [ [
| 22. { | [ l
[ 23. ! | | |
| 24. | | | |
| 25. [ | | [
| 26. | | | |
| 27. | | | [
| 28. | | | |
¢ 29. | | | |
30. | | | i |
! I I ! 1L
~ O/ Y

¢
FORM I HCE-TIC

ON
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1HA

HIGH CONCENTRATICN VOLATILE ANALYSIS DATA SHEET

Lub Name: Coacel Labs

Lab Cocde: | CDCE£ Case No.:

Phase Type: \WIL

1.0 (@
.0 (mL)
Aliquot Volume: 10 (ul)

Phase weight:

Final Extract Volume:

Conversicn Factor: <.0O

113

EPA SAMPLE NO.
' |

o
Contract: ({-Ol-34iS | RAADQY
349001
SAS No.: <e+2 % SDG No.: B.AAQQ_}

Lab Sample ID:

Lab File ID: YA NI 2G

Date Received: ciizz gg

Date Separated:

P

Date Analyzed: iQL&\%K

CONCENTRATION
CAS NO. COMPQUND (mg/Kg) Q
l ! I |
| 74=87=3=——m————- Chloromethane | SO w |
[ 74-83-9—====e=—- Srcrmezethane [ o | e |
I 75=01-4-==—c=——- vinyl Chlcride ‘ | 30| _t4 |
| 75=00~3—===—====— Chlorcethane i 501 _ |
| 75-09-2-===—=u=- Methvlene Chloride | 25 | (A |
| 67-64-l-==m————= Acetone i 50l |
| 75=15-0-====—=—- Carbeon Disulfide | 250 a0 |
| 75-35=4=—————=w= 1,1-Dichlorcethene | 251 _(a |
| 75=34=-3-==c——=—- 1,1-Dichloroethane | 251 40 |
| 540-59=-0~==——=—- 1,2-Dichlorocethene (total) __ | 251 4, [
| 67=66=3—~=—cmm—m—— Chloroform I 25| (A ]
| 107-06-2~-=====~ 1,2-Dichloroethane | 251 i |
| 73-93-3-==—cw==- 2-Butanone | S0 _ta |
| 71-553-6=—=e———u= 1,1,1-Trichlorocethane | 2510w |
| S6-23-5~=c————~- Carbeon Tetrachloride | 25 | 14 |
| 108=C0S5~4—=~==——= Vinyl Acetate | 25 | _(a |
| 75-27-4--——emeu= Bromodichloronethane | 2510 4 |
| 78=87-5=—me————— 1,2-Dichloropropane | 251 4 |
| 10061-01-5====== cis-1,3-Dichloroprocene | 231 {4 |
| 79~01-6—=—=—m——m Trichlorcethene l 2510 |
| 124-48-1—==—==—- Dibromechloromethane | 251 vq |
| 79-00-5-==cc=="= 1,1,2~-Trichloroethane | 2S5 _ue |
| 71-43-2-=——==——- Benzene ) | G | < |
| 10061-02-6———==~ trans-1,3-Dichloropropene | ] 251w |
| 75-25-2======—===Bromoform - | 25 |
| 108-10-1l-===—==- 4-Methyl-~2-Pentanone | 50| (4 |
| 591-78-6—======~ 2-Hexanone ] 501 4 ]
| 127-18-4~~—=e——- Tetrachloroethene | 25 | _u |
| 79-34~5-——c—=e—- 1,1,2,2~-Tetrachlorcethane | 25 e |
| 108-88-3——=====- Toluene { 140 | l
| 108-90=7—======= Chlorobenzene | 25 | e |
| 100-41-4-——~===- Ethylbenzene | 40O | [
| 100-42-5=—=—v==- Styrene T = i
| 1330-20-7~====—~ Xylene (total) | 1LO | |
I I I I

FORM I HCV

-
b
r—l-
T
<

.
S



—

/

1HE

114

EPA SAMPLE NO.

HIGH CONCENTRATION VOLATILE ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS . |

l—\ CL\().S

Lob Name: (Cp (\(‘Q_L

Lab Code: fﬁDCﬁ& Case No.:

| R
contract: w%-O\ 35 |_BHAADSY

24001
SAS No.: Sey2&, SDG No.: BAAQSTF

Phase Type: wi b Lab Sample ID:

Phase weight: L0 (9) Lab File ID: YAUWRG

Final Extract Volume: 0.0 (ml) Date Received: Q)ZZ‘%‘&
Aligquot Volume: 1.0 (ul) Date Separated:

Conversion Factor: o0 Date Analyzed: \Dli—\&%

Number TICs found: 3

| | | | EST. CONC. | |
[ CAS NUMBER [ COMPOUND NAME | RT | (mg/Kg) [ Q |
| ========= ! SSSssamm— = ===== | | = { {
|1, ety 2bngl 2onzene l21.23F | 860 b= |
2. l3cimeznyl TR 102200 20,29 | 230 < |
| 3. R Ta me+hu | Zenzene | 22, 2) | 1200 | < ]
P4 I+c1m~9*h;§l Bemrnt 1 23.43 | 390 [ [
' 5. I X 1 2>3.93 | 430 |3 |
6. | 2. 13F | 23950 < |
Y A eyl doonerhal Benzens | 25.1Q | 440 .
| 8. [iedcametngl TRz N7 EN8 | 20,12 | 400 |_3 |
I 9. ICd subsdiduted Yenzenl |2310%F |____2%0 3|
| 10. | | I | |
] 11. | | ] I |
I 12. | { l | !
| 13. { | ( [ [
| 14 ! | | | |
[ 1S5. ! | | | |
| 16. ! | | | |
| 17. | | | | ]
| 18. | | | ] !
| 19. [ | | | {
| 20. [ { ! { |
| 21. | | | | |
i 22. | | | | |
| 23. I | | ! |
| 24. | | I | |
| 25. | | | | |
| 2s6. [ { l | !
| 27. | | | | {
| 28. ! ] | | |
| 29. ! | | I |
| 30. ! ! ! ] |
I_ l | | | |

¢
FORM I HCV-TIC



306

1HB - EPA SAMPLE NO.
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET
' |
zab Name:_( en Qef Labs Contract: (£-0I-76S { BRA09 7 :
Lab Code: (EppREF  Case No.: SAS No.:39pI-$t25 SDG No.: BAALG7
Phase Type: WL Lab Sample ID:
fhase weight: | .0 (9) Lab File ID: SellpZ
Final Extract Volume: |. 0 (mL) - Date Received: 9-21-8%
Injection Volune: / (uL) .Date Separated:
Conversion Factor: 2.0 Date Extracted: /J-¢ -89 .
g: (.0 Date Analyzed: _/¢-/1-98 -
CONCENTRATION
CAS NO. CCMPOUND (mg/Kg) Q
{ | | |
| 108-95-2-——=—==—- fhenol | | ]
! | 111l-44-4===—==——— bis(2-Chlcrcethyl)ether ] | i
| 95-57-8==——=———=2-Chlcrophenol A | |
| S541-73-1-==—====— i,3-Dichlorobenzene | | |
| 106=46=7==——w——— 1,4~Dichlorobenzene | | |
| 100-51-6-=—=—=—- Benzyl alcochol | { |
e | 95-50-1===——=—==== 1,2-Dichlorcbenzene ] | |
| 95=48=7~==—m—==—m 2-Methylphenol | | |
| 108=60-l-===———= pis(2-Chloroisopropyl)ether_| I |
| 106=44~-5-—=—e——m 4-Methylphenol | | i
| 621-64=-7==—===—— N-Nitroso-di-n-propylamine__ | | [
| 67=72-1~=======- Hexachloroethane | | |
| 98-95-3~———m—u=—- Nitrcktenzene | | i
| 78=59~=l-====——=== Isophorone | | |
| 88=75=5—w—=—em—= 2-Nitrophenol | i |
| 105=67~9====———= 2,4-Dimethylphencl { - I |
| 65=85=0=—=—w===—- Benzoic acid | [ [
| 111-91-1----=-==bis(2-Chloroethoxy)methane__| | |
| 120-83-2———====—- 2,4-Dichlorophenol i | |
| 120-82-1l-======= 1,2,4-Trichlorcbenzene | | |
| 91-20=3==—==—c=—= Naphthalene - | | |
| 106-47=-8~====—=—4~-Chlorocaniline { | |
| 87-68-3~~-——====~Hexachlorobutadiene | | l
| §59-50-7========- 4-Chloro-3-methylphenol | | |
| 91-57-6===—===—== 2-Methylnaphthalene | | |
| 77=47=4=———mmee Hexachlorocyclopentadiene ] ] ]
| 88-06-2==——=-——==2,4,6-Trichlorophenol | | |
| 95-95-4-===c—==— 2,4,5-Trichlorophenol | | |
| 91-58=7=~==- ——==2-Chloronaphthalene | | |
| 88-74~4—-~—z==——— 2-Nitroaniline | | |
| 131-11-3==——===- Dimethylphthalate | [ ]
| 208-96-8-——=———- Acenaphthylene | -1 |
| 606-20-2---——===2,6-Dinitrotoluene | | |
bt I I N I
¢ e !

FORM I HCE-1



307

1HC EPA SAMPLE NO.
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET
— ) I
d I
Lab-Name: (’(44 /Z_lf Lebs Contract: (§-0I-M6S | BA A077
Lau Code: _(EpPef Case No.: SAS No.: 3fsar-$;¢25 SDG No.: BAAsg7
Phase Type: Wit Lab Sample ID:
Phase weight: | - 0 (9) Lab File ID: >Sello2
Final Extract Volume: l. O (mL) .  Date Received: -2/-8¢%
Injection Volume: ! (uL) Date Separated: =
Conversion Factor: 2.0 Date Extracted: /0-¢-8§ .
pH: .0 Date Analyzed: _/07//-88
CONCENTRATION
CAS NO. COMPOUND (mg/Kg) Q
' . L | | |
| 99=-09—2===—====-- 3-Nitroaniline | I |
| 83-32-9-=====——== Acenaphthiene i | l
| 51-28=S—==————— 2,4-Dinit-ophenol | [ [
| 100-02=7===—===- 4-Nitrophenol | [ |
| 132-64-9===—===- Dibenzofuran | [ 1
~ | 121-14-2-=—====-- 2,4-Dinitrotoluene [ I |
| 84=-66-2~—v—=———= Diethylphthalate | | [
| 7005-72-3----=-=-4-Chlorophenyl-phenylether_ | | |
| 86=73=7==—=——===- Fluorene | | |
| 100-01l=6====—w== 4-Nitroaniline | I i
| 534=-52=1-————=—- 4,6-Dinitro-2-methylphenocl | | [
| 86=30=-6-—-——-———==N-Nitrosodiphenylamine (1)__ | | I
| 101=-55-3—=——=—=- 4-Bromophenyl-phenylether | | |
| 319-84=-6~————=== alpha-BHC ] 200 | w |
| 118=74=1-—====== Hexachlorobenzene | | |
| 319-85=7=====—== beta-BHC l 2C0 I_ |
| 87-86=5-==———=—=~ Pentachlorcphencl f l |
| 58-89=-9~—===—== -gamma-BHC (Lindane) [ 260 | e |
| 85=-01-8—==—=—===- Phenanthrene . | |
| 120-12-7--~—--===Anthracene | | I
| 319-86=-8=====- --delta-BHC - { 200 [T CcC |
| 76=44-8-====m=== Heptachlor | _200 | we |
| 309-00-2-=—====- Aldrin ] 200 oo |
| 84=74-2-==—===== Di~ n-butylpnthalate | ' | |
| 206-44-0~--—---Fluoranthene | | |
| 1024-57-3======= Heptachlor epoxide | 200 | e |
| 27323-18-8~==--- Monochlorobiphenyl | 100 T |
| 2051-60-7-—===—- Dichlorobiphenyl ! I5X-Y’ | e |
| 2051-61-8====——— Trichlorobiphenyl | (0 0Op | T |
| 2051-62-9=-===—=-Tetrachlorobiphenyl | 1000 e |
|] 129-00-0—-==—====- Pyrene | | |
| 5103-74-2---—--—gamma-Chlordane | Jdopn b |
- _ | N
(1) - Cannot be separated from Diphenylamine »0\\/ NS
FORM I HCE-2' .

a4 snm



1HD

308

EPA SAMPLE NO.

HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET

¢
FORM I HCE-3

|
: [
Lab Name: (4o0.f /[ b% Contract:_({s§-01- 465 | BAAOQ? ‘ :
Lab code: (EpREF Case No.: SAS No.:Bft‘or-ﬁrJSDG No.: TRAkos57
Phase Type: Wi Lab Sample ID:
Phase weight: l. (9) Lab File ID: >Cl192
Final Extract Volune: [.C (mL) Date Received: G-21-9%
Injection Volume: / (ul) Date Separated: -
Conversion Facter: 20 Date Extracted: /p-4-EF
cH: (D Date Analyzed: _/; -//-&8
CONCENTRATION
CAS NO. CCMZCUND (mg/Kg) Q
I [ | |
| 959-98-8----———-ZIndcsulfan I | 200 It |
[ 5103=71-9—=====- algha-Chleordane | 200 | « |
] 25429-29-2-==~=== Pentachlorokbiphenyl | 10Op | v |
| 72-55-9~—=——=====- 4,4'~DDE I CD | e |
| 60-57-l-======—= Dieldrin | 200 |« |
~ | 26601-64-8—————— Hexachlorcoctiphenyl | 1 000 | ow |
| 72-20-8~======—~ Endrin | 2Co Y4 P
| 33213-65-9-----=Endosulfan II | 200 |~ | g1 ra
| 72-54=8==——=———— 4,4'-DDD | 200 17 RJ‘"
| 28655-71-2-===—- Heptachlorobiphenyl | IGO0 | @
| 85=68=7T——===—=—- 3utylbenzylphthalate | | |
[ 1031-07-8--—-~-——=Endosulfan sulfate | 200 | Lo ]
| S0-29-3-=———-—=- 4,4'-DDT | 200 ||
| S3494-70-5---——--Endrin ketone | 200 | W
| 56=55=3==c—c—w—== Benzo(a)anthracene | . i |
| 72=43~5—-——=c==== Methoxychlor | 200 I w |
| 218-01-9~====w=- Chrysene | | |
| 55722-26=4~—==== Octachlorobiphenyl { =2 C 00 | v
| 91-94-1-~=—====- 3,3'-Dichlorobenzidine | | |
| 117-81-7~=====—- bis(2-Ethylhexyl)phthalate__ | | - [
| 53742-07-7~===== Nonachlorobiphenyl | 2000 | e |
| 2051-24-3~—====- Decachlorobiphenyl =Y-1Y. I |
| 117-84-0—=====—= Di-n-octylphthalate | | |
| 205-99-2—======= Benzo(b) fluoranthene | i |
| 207-08=9~—==——=— ——Benzo (k) fluoranthene | | |
| 50=32=-8=————w=w—- Benzo(a)pyrene i | I
| 193-39=5—=—====— Indeno(l,2,3-cd)pyrene | | |
| $3=-70=3-—=—c=e== Dibenz(a,h)anthracene | | |
| 191=-24-2-—====——= Benzo(g,h,i)perylene | | |
! — | | kél
NS



1HF

HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEE
TENTATIVELY IDENTIFIED COMPOUNDS

Lab Name: (¢q Rof Labs Contract:_(£-,/

Lab Code: _CENJEF Case No.: SAS No.: 35747-<

Phase Type: Wi Lab San
Phase weight: _ /.0 (9) Lab Fil.
Final Extract Volume: _ [  (mL) Date Rec
Injection Volume: _ [/  (uL) Date Ser
Conversion Factor: _ 20 Date Ext
pH: Q_o_ Date Ana.
Number TICs found: W2;
i | |
| CAS NUMBER | COMPOUND NAME ] RT
[ ! !
I 1. | Lo Substituded Linzene | _ L. ¢!
| 2. b dobhag rrr ~mead - Ropzeng |1t ap
[ 3. | d‘m:.xh..l.-. /.m.‘.h.ul;&.\.’.{., v Renzene N [D-09
| 4. | < AT Aot N 4 L AR | _431.9¢ .
| s. | e h - 2 |l (Y |
| 6. (297<7 | g‘gg\_y(qng | .49 |
| 7. | _tnypnprn ho Arpcarben | Jo.g¢ |
| 8. | tnkpncon Atvu\,_ ME = CIRH 2R | 2L@9 |
| 9. 29905 | Mrng dera sy | 2.3.25 _—
| 10.__lja98¢ | _Eicn=ang 12457 |
f 11. | ot nen Hidcocachen | IS G6 I
] 12. | b ¥ rrpgn P Aarsa Do | J5.5¢ l-
| 13. | umbncun Mboge MFE-C 21 HAY | IS. &3 I_
| 14. | wm¥orun StV ane | .34 l._
| 15. | _mbprum Al ang | 2. 30  |_
! 1le6. l (TR0 €2 VTN |_£1¢_5..l_ : |._
| 17. | _ambnaen Allacg | 2249 1_
| 18. | ntncwa  Alfans 1_25.59 I
| 19. D e Unras AlEong | 2927 | __
| 20. | ontocwn Alrcae | IN.70 |
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BAl personnel began the soil vapor screening survey for
benzene, toluene, ethylbenzene and xylenes (BTEX). The initial
screening investigation was completed on April 23, 1988.

The survey results show an area of petroleum hydrocarbon
vapor concentrations with levels ranging from not detectable (ND)
to 1,675 ppm of benzene in the south and central portioh of the
ETSS tacility. Immediately to the south ot the ETSS property the
vapor concentrations were signiticantly reduced. A second area
ot petroleum hydrocarbon vapor concentrations ranging ftrom ND to
128 ppm of benzene was obtained offsite in an area adjacent to
the west and southwest of the station. A third area of
petroleum hydrocarbon vapor concentrations ranging from ND to
2.5 ppm of benzene was found throughout the remaining sampling
stations.

Although chlorinated compounds are not associated with motor
fuel storage and dispensing operations, DPNR-EPA requested ESSO
to include in the so0il vapor screening survey analyses of the
following chlorinated hydrocarbons: dichloroethylene (DCE),
tetrachloroethylene (PCE), trichloroethylene (TCE). This request
was made by the agencies because chlorinated compounds were
reported in the groundwater and found in a previous soil vapor
survey conducted in the area. This investigation showed that
chlorinated hydrocarbon vapors were present in most of the points

sampled.
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A soil vapor survey was conducted at the Texaco service
station. The Texaco service station is located 600 ft.
upgradient trom the ETSS tacidity. A report of their finding was

submitted on December 18, 1987, to the regulatory agencies.

2.0 PROJECT BACKGROUND

A number of water wells have been shut down by the
Department of Planning and Natural Resources of the USVI (DPNR)
and the Environmental Protection Agency Region 11, New York (EPA)
as a result of reported groundwater contamination in the Tutu
area of St. Thomas, USVI. DPNR/EPA believe that among the
possible sources of aromatic hydrocarbons found in the
groundwater may be the gasoline stations which operate or had
operated in the Tutu area. Esso, as the owner of a gasoline
service station located in the Four Winds Shopping Center at the
Tutu Area of St. Thomas, was issued an administrative order by
DPNR to investigate the site. Esso contracted BAI to conduct
the investigation and to issue a report on the findings.

ESSO and BAl representatives met several times with EPA's
Project Managers, Mr. Charles Dolan, who was subsequently
replaced by Ms. Caroline Kwan; DPNR's representatives, Ms.
Francine Lang and Gregory Rhymer; and the Prcject Officer from
Camp, Dresser & McKee Federal Pfograms Corporation (CDM-FPC), Mr.
Scott B. Graber, to discuss the technical approach to be used in

the investigation.
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4.0 RESULTS OF SOIL GAS SURVEY

4.1 AROMATIC HYDROCARBONS

Table 4.1.1 presents the highest BTEX analyses results of
the sequential samples obtained from each soil vapor sample
point. Sequential samples were taken during the survey instead
of duplicate split samples originally proposed in the Work- Plan.
Copies of all chromatograms and daily calibration curves are
presented in a separate supplement entitled: "Photocopies of
Original Gas Chromatograms and Calibration Curves'.

At the drift point selected for the ETSS soil vapor
investigation, repeated samples were taken by inserting separate
probes within an area of less than 150 square feet to determine
whether soil vapof values varied significantly over time and
short distance. A total of 7 drift point values for BTEX and
chlorinated hydrocarbons were obtained during 7 of the 14
sampling days. (See tables 4.1.2A and 4.1.2B for results and
figure 3.1.1 for location). Drift point benzene values ranged
between <1 ppm and 160 ppm. (The highest value recorded was
trom a sample obtained from a depth of 6 ft.) The range of
values obtained in the drift point area may be in part controllea
by the inability to obtain samples trom the same depth along with
the time and spacial differences that could naturally occur.
Depth achieved for any sampling point was controlled by

local 1lithology.
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Values reported 1in tables 4.1.1 and 5.0.1 are the calculated

values without subtracting background and/or drift point values.

The soil vapor screening survey identitied three areas of

measurable BTEX vapor concentrations:

o]

Area 1 - Service station property and area south of
property.
Benzene vapor concentrations ranged from ND to 1,675

Ppm.

Area 2 - West and southwest of service station.

Benzene vapor concentrations ranged from ND to 128 ppm.

Area 3 - North and east of the service station.

Benzene vapor concentrations ranged from ND to 2.5 ppm.

Figure 4.1.3 presents a distribution map of benzene, toluene

and xylenes soil vapor results found during this study. Due to

unavailability ot a gaseous standard for E-benzene, no values for

this compohent are reported in this study.

Contour maps of soil vapor concentrations for total BTEX,

beniene, toluene and xylenes are presented in -figures 4.1.4,

4.1.5, 4.1.6 and 4.1.7 respect{vely. The contour maps have been

derived from values obtained from the soil gas survey and do not

constitute concentrations of hydrocarbons in the soil or

groundwater of the area in question.
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Table 4.1.2 A
VALUES SHOWING
HIGHEST CONCENTRATION OF AROMATIC HYDROCARBON VAPORS,.

ESSO TUTU AREA (PPM)

OCATION DATE DEPTH BENZENE TOLUENE M-P-XYLENE O-XYLENE
s.P.1 4/6/88 8'o" ND . ND ND ND
P.2 4/7/88 6'0" 160.679 ND ND ND
>.P.3 4/8/88  3'6" ND ND ND ND
P4 4/11/88 6'8" . ND 'ND ND ND
~.F 4/12/88 6'0" ME ND ND . ND
J.PT; 4/13/88 7'0" ND 0.660 ND 5.880
.P.7 4/14/88 6'3.5" ND 0.964 0.984 0.330

ME MASKING EFFECT

ND NOT DETECTED
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Table 4.1.2 B
VALUES SHOWING
HIGHEST CONCENTRATION OF CHLORINATED HYDROCARBON VAPORS,

ESSO TUTU AREA (PPM)

LOCATION DATE DEPTH DCE TCE PCE
D.P.1 4/6/88 g'o" ND ND ND
D.P.2 4/7/88  6'0" ND ND  ND
D.P.3 4/8/88 3'e" ND ND ND
D.P.4 4/11/88 6'8" ND ND ND
D.P.5 4/12/88 6'0" ND- ND 3.064
D.P.6 4/13/88 7'0" ND ND ND
D.P.7 4/14/88 6'3.5"  22.16 0.104 0.196

ND NOT DETECTED
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