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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To Obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
acre 0.4047 hectare
square mile (mi?) 2.590 square kilometer
cubic foot (ft%) 0.02832 cubic meter
gallon (gal) 3.785 liter
million gallons (Mgal) 28,320 cubic meters
cubic foot per second (ft3/s) 0.02832 cubic meter per second
gallon per minute (gal/min) 0.06309 liter per second
gallons per day (gal/d) 90.8496 liter per second
gallons per minute per foot (gal/min/ft) 0.2070 liter per second per meter
million gallons per day (Mgal/d) 0.04381 cubic meter per second
foot squared per day (ft%/d)y! 0.09290 meter squared per day
foot per day (ft/d) 0.3048 meter per day

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius ("C)
as follows:"C = 5/9 x ("F-32).

VERTICAL DATUM

Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from
a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.

ABBREVIATED WATER-QUALITY UNITS USED IN THIS REPORT:

Chemical concentrations and water temperature are given in metric units. Chemical concentration is given in milligrams per liter

(mg/L) or micrograms per liter (ug/L).

Milligrams per liter is a unit expressing the concentration of chemical constituents in solution as weight (milligrams) of solute per unit

volume (liter) of water.
One thousand micrograms per liter is equivalent to one milligram per liter.
For concentrations less than 7,000 mg/L, the numerical value is the same as for concentrations in parts per million.

Specific conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius (uS/cm). This unit is equivalent to

micromhos per centimeter at 25 degrees Celsius (umho/cm), formerly used by the U.S. Geological Survey.

!Transmissivity is cubic feet per day per foot of saturated thickness (ft3/d/ft) which reduces to ft%/d.
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Hydrogeology and Water Resources of Block Island,

Rhode Island

By A.l. Veeger, University of Rhode Island, Kingston, Rhode Island and H.E. Johnston,
U.S. Geological Survey with a section on Geology by B.D. Stone, U.S. Geological Survey and
L.A. Sirkin, Adelphi University, Garden City, New York

Abstract

Increases in the summer population of Block
Island, a popular vacation area located about
10 miles south of mainland Rhode Island, have
caused concern about the effect of future develop-
ment on its finite supply of fresh water. Ground
water is present on the island as a lens of freshwater
bounded below by saltwater. The lens extends
more than 300 feet below sea level in inland areas,
but as little as 25 feet below sea level in low-lying
coastal areas.

Yields adequate for domestic use (2-5 gallons
per minute) are obtainable from wells throughout
the island; yields of 25 gallons per minute or more
are obtainable at many locations, particularly in the
southern half of the island. Some wells reportedly
yield 50 to 200 gallons per minute, but long-term
withdrawals at such rates from wells screened
below sea level would likely cause the water to
become salty.

Annual water use on Block Island during 1990
is estimated at 53 million gallons of which about
38 million gallons, or 72 percent, is used during
June-August. The Block Island Water Company
delivered approximately 17 million gallons of this
total from its facility at Sands Pond. Current
demand by water company customers averages
approximately 74,000 gallons per day from May
through October. However, the sustainable yield of
Sands Pond during a succession of drought years
was estimated at 45,000 gallons per day. The
30,000 gallons per day deficit could be met by
pumping from existing water-company wells,

which yield water containing high concentrations
of dissolved iron, or from nearby Fresh Pond,
which yields water containing little or no dissolved
iron. It is estimated that withdrawal of 30,000 to
50,000 gallons per day from Fresh Pond during
drought years would produce a water-level decline
of less than 1 foot.

Ground-water recharge on Block Island is esti-
mated to average 20 inches (3.8 billion gallons) per
year and is derived from infiltration of precipita-
tion. However, the amount of fresh, potable ground
water available for use on the island depends on
(1) the number, location, depth and pumping rate of
wells, (2) the volume and areal distribution of
water returned to the ground-water-flow system
through septic systems, and (3) the effect of this
wastewater return flow on the quality of the ground
water.

Block Island consists of a thick Pleistocene
moraine deposit that includes meltwater deposits,
till, sediment-flow deposits and glacially trans-
ported blocks of Cretaceous strata and pre-Late
Wisconsinan glacial deposits. Horizontal hydraulic
conductivities of predominantly coarse-grained
sand and gravel units in which wells are screened
range from 3 to 2,000 feet per day. Median hydrau-
lic conductivity is 27 feet per day and exceeds
145 feet per day at only 10 percent of wells.

The water table on the island is a subdued
reflection of the land-surface topography and is
commonly only 10 to 35 feet below land surface in
topographically high areas. Flow generally is from
the central, topographic highs to the coast. Layers

Abstract 1



of low hydraulic-conductivity material impede ver-
tical flow, creating steep vertical gradients. Water
levels in closely spaced shallow and deep wells can
differ by 100 feet or more.

Sodium and chloride, attributed to incorpora-
tion of seaspray in recharge water, are the dominant
chemical constituents in the ground water. Back-
ground concentration of chloride typically is less
than 30 milligrams per liter. Dissolved-iron
concentrations exceeded the 0.3 milligram per liter
Federal Secondary Maximum Contaminant
Level at 26 of the 77 sites sampled. High-iron
concentrations were found predominantly in the
eastern and northern parts of the island where con-
centrations as high as 10 to 27 milligrams per liter
were found in some water samples. Dissolved iron
occurs naturally and is attributed to the dissolution
of iron-bearing minerals in the presence of organic
material in the aquifer.

Sampling conducted as part of this study
showed no evidence of widespread ground-water
contamination. Nitrate concentrations were below
the Federal Maximum Contaminant Level at each
of the 83 sites sampled. No evidence of dissolved
organic constituents was found at the 11 sites sam-
pled. Ground-water samples collected near the
closed Block Island landfill showed no evidence of
contamination from landfill leachate. Underground
fuel-storage tanks, lucated throughout the island,
constitute a major potential source of ground-water
contamination.

INTRODUCTION

The Town of New Shoreham, commonly known as
Block Island, is one of Rhode Island's most valued
natural areas. The island, which is approximately 10 mi
south of the mainland, is a popular vacation destination.
In 1984, Block Island successfully petitioned the U.S.
Environmental Protection Agency (USEPA) for sole-
source aquiferl status. This designation recognizes an
aquifer as the "sole or principal" source of drinking
water for an area (U.S. Environmental Protection
Agency, 1984). The Rhode Island Department of Envi-
ronmental Management has given a GA A classification

"Boldfaced terms are defined in the glossary.

to all of Block Island except for a small area that encom-
passes a closed landfill (Rhode Island Department of
Environmental Management, written commun., 1992).
A GAA classification is given to ground-water
resources that warrant the highest level of protection
from contamination; ground water in this classification
is suitable for public drinking-water use without
treatment.

Although the permanent population of Block
Island is expected to remain stable, increases in the
summer population have raised concerns about the
impact of future development on the island's finite
freshwater supply. To address this concern, the U.S.
Geological Survey (USGS), in cooperation with the
Town of New Shoreham, began a 4-year study in 1988
to evaluate the hydrogeology and water resources of
Block Island.

Purpose and Scope

This report describes the hydrogeology and water
resources of Block Island. The report includes (1) a des-
cription of the hydrogeologic framework, (2) an assess-
ment of the chemical quality of freshwater resources,
(3) documentation of temporal changes in water quality,
(4) delineation of the recharge area of public water-
supply sources, (5) identification of potential sources of
ground-water contamination, and (6) a discussion on
the availability of ground water and surface water. The
report is based on data collected by the USGS from
March 1988 through May 1991; data from Hansen and
Schiner (1964); and unpublished data from previous
investigations. A data report including all water-level,
water-quality, and well-log data used in this study has
been published under a separate cover (Burns, 1993).

The hydrology of Block Island is best understood
in the context of the geology of the island. Because this
investigation resulted in a new interpretation of the
geology, a detailed description of the depositional
history of the island is provided in the section titled
"hydrogeology,"” under the subsection "geology.” This
section will be particularly useful for those individuals
wishing to understand the three-dimensional
depositional framework of the island.

2 Hydrogeology and Water Resources of Block Island, Rhode Island
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Schooner Point section Unit Description

q v Fine to medium, buff sand, massive; eolian mantle
Dot Sandy diamict sediment, stratified, containing subangular to subrounded pebbles and cobbles; layers 1-8 in.
5@@ & thick; bases of layers marked by stone lines; loose to compact; unit contains lenses of laminated coarse to
" S e very coarse sand; interbedded coarse sand and diamict sediments at the base of unit conformably overlies

sand of underlying unit

] Coarse sand in planar foreset beds that dip 10° to the south; beds are parallel, planar, 0.2-1.2 in. thick; some
¥ beds are graded; minor beds of pebbly coarse sand and ripple-laminated medium sand are interbedded
%% : ',jxli,':' Fine to medium sand, parallel laminated; unconformable and overlapping underlying silt-clay unit

36 o= Silt, fine sand, and minor clay; thin bedded in parallel planar beds and laminations; fine sand beds are laminated
and locally ripple laminated; silt layers are massive or microlaminated; clay laminae are generally 0.4 in.
thick, but are as much as 3 in. thick in deformed zones; unit dips 30° to the northwest and is internally
deformed by slump and load folds and decollements

DISTANCE, IN FEET FROM TOP OF SECTION

Southeast Light section

Fine to medium, buff sand, massive; containing scattered pebbles and small cobbles, eolian sand mantle

Sandy diamict sediment containing scattered cobbles and few large boulders; loose to moderately compact;
stratified; diamict layers 4-12 in. thick; internally massive or indistinctly layered; bases of diamict layers
marked by scattered cobbles; unit contains lenses of sorted sand and gravel, less than 12 in. thick; unit is
continuous laterally but appears massive in some cliff sections

Pebble and small cobble gravel with coarse sand matrix; clasts subrounded to well rounded; beds are planar,
indistinctly layered; unit is lens-shaped and pinches out laterally

Medium to very coarse sand, planar bedded, local planar-tabular crossbeds are in sets as much as 8 in. thick;
minor ripple-laminated fine sand is interbedded in unit

Coarse pebbly sand, planar-tabular crossbeds and interbedded planar beds of pebble gravel to coarse granular
sand

Medium to coarse sand in foreset beds; parallel laminated, and minor ripple laminated fine to medium sand;
beds dip 15" toward south-southwest

Coarse pebbly sand in foreset beds; iron-stained grains are orange; parallel bedded, beds dip southwesterly

Medium to coarse sand in foreset beds; parallel laminated; includes laminated and ripple-laminated fine sand
and some silt

DISTANCE, IN FEET FROM TOP OF SECTION

;g : Pebbly coarse sand and pebble gravel; planar bedded; unit is lens shaped and pinches out laterally
Silt, fine sand, and medium to coarse sand; chiefly parallel bedded; beds are deformed in recumbent isoclinal
folds but can be traced laterally across cliff face
9 Sandy diamict sediments, in massive thin beds, containing scattered pebbles, cobbles, and few small boulders;
: includes lenses of planar bedded pebble-cobble gravel and interbedded thin beds of massive gray silt;
105 |- basal diamict unit erosionally truncates underlying sand beds of unit below
Coarse sand, pebbly sand, pebble gravel; planar tabular crossbedded, beds dip southwesterly
134 L

Figure 12. Measured sections of stratified diamict-sediment sequences of the upper moraine at Schooner Point and Southeast Light.
(Locations of sections shown in figure 8.)
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Age, Deposition, and Postglacial Modification
of the Moraine

The nonweathered character of the surface depos-
its, incipient soil development, and preservation of
steep-sided ridges and kettles indicate that the moraine
deposits of Block Island are of Late Wisconsinan age.
The island lies north of the terminal moraine, which
was deposited about 21,000 years before the present,
based on regional radiocarbon ages of preglacial and
overlying, postglacial materials (Sirkin, 1982, Stone
and Borns, 1986). The oldest date from postglacial bog
sediments on the island, 12,080£200 years B.P. (sample
number W-255, Davis, 1965), was obtained from wood
near the base of bog sediments in southern Block Island.

The Narragansett Bay-Buzzards Bay lobe and the
eastern edge of the Hudson-Champlain lobe of the last
ice sheet converged on the Block Island area about
21,000 years ago (fig. 5). The glacial lobes eroded
deeply into the Cretaceous strata on either side of the
island, incorporating blocks of Cretaceous and Pleis-
tocene sediments, and till in the lower moraine zone.
Subglacial processes, such as (1) shear failure along
contacts between clay and sand units, (2) glacial loading
and elevated pore pressures in the bed materials (Clay-
ton and Moran, 1974), and (3) freezing of blocks of sed-
iments to the base of the ice sheet (Kaye, 1964)
contributed to the depth of glacial erosion and the size
of the transported blocks. The ice lobes incorporated
deposits from previous glaciations, similar to parts of
the moraine on Martha's Vineyard (Kaye, 1964).

As the margins of the ice lobes melted back from
the interlobate area of Block Island, stratified meltwater
sediments were laid down in ice channels and ponds in
a glacier-marginal zone of stagnant and melting ice.
Sediments beneath Mouwneit and Plover Hills in the
southern part of the island initially filled ice-walled
basins between the ice lobes. With continued ice-
margin retreat, ponds formed where exposed blocks of
ice melted rapidly. Meltwater deposited laminated silt,
clay, and fine sand sediments in the ponds. Slump defor-
mation of the unstable fine-grained sediments was fol-
lowed by deposition of sandy foreset strata in the ponds.
As the divides around ponds lowered by downwasting
of underlying ice, the ponds drained. Muddy sediment-
flow deposits, derived from adjacent slopes, filled the
basins. Further retreat of the ice margins on either side

of Beacon Hill impounded a series of ponds which
drained over the older deposits. Deltaic sand and gravel
deposits prograded into a series of successively lower
lakes at present altitudes of about 120 to 70 ft on either
side of Beacon Hill. Continued ice retreat was accom-
panied by deposition of silt and clay lacustrine sedi-
ments in the Indian Head Neck area. Recession of the
ice margins to the Corn Neck area produced thin surface
sediment-flow deposits and minor stream deposits. Del-
taic beds at Ball Point North accumulated in an ice-
marginal lake dammed by the older materials to the
south. Modification of the morainal materials in the
Block Island area continued in the harsh climate that
accompanied deglaciation of the region, which was
characterized by lack of tree cover (Davis, 1965, Sirkin,
1976), and probable extensive seasonal ground ice or
permafrost (Schafer and Hartshorn, 1965, Stone and
Ashley, 1990). Final collapse of surface sediments
related to melting of buried ice blocks occurred after
deposition of the thick sequences of sediment-flow
deposits. Unstable slopes continued to shed materials
which accumulated in layered colluvial slope deposits.
A mantle of wind-blown sand accumulated on the sur-
face. Warming of the postglacial climate about 13,000
years ago was accompanied by growth of a tree cover,
organic deposition in marshes, and development of
soils. Sea-cliff erosion along the southern end of the
island produced about 3 mi of shoreline retreat during
sea-level rise of 100 ft over the last 9,000 years (Oldale
and O'Hara, 1980). Beach and spit deposits joined the
island segments, probably in the last few thousand
years. Development of the modern hydrologic regime
of Block Island, which determines the position of the
surface of the ground-water mound and depth of the
fresh-water lens beneath the island, accompanied the
latest sea-level rise.

Surface-Water System

More than 200 bodies of surface water occupy ket-
tles and other depressions on Block Island, but most are
small and are only a few feet deep. The largest bodies of
open freshwater are Fresh, Sands, Middle, and Sachem
Ponds. The deepest are Fresh Pond (about 25 ft) and
Sands Pond (about 12 ft). Some shallow surface-water
bodies dry up during extended periods of little or no
precipitation.
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Most of the surface-water bodies are underlain by
silt, clay, or other materials of low hydraulic conduc-
tivity that impede vertical leakage through the pond bot-
tom. Many surface-water bodies have formed in small
closed depressions so that discharge from them occurs
only by evaporation and by leakage through their sides
and bottoms. Water levels in most bodies of surface
water appear to be expressions of the water table; water
levels in shallow wells near ponds are generally slightly
higher or lower than pond levels, indicating ground-
water flow into and out of the ponds.

A few ponds overflow periodically; Fresh Pond and
Peckham Pond are examples. Ground water and a small
amount of overland runoff enter Fresh Pond and Peck-
ham Pond from the north, east, and west. Peckham Pond
also receives a small amount of surface inflow from an
intermittent stream that enters the pond from the east.
When the elevation of water levels in these two adjacent
ponds is above 89.9 ft above sea level, overflow from
Fresh Pond drains through a drainage pipe to Peckham
Pond and from Peckham Pond, through a drainage pipe,
into a small intermittent stream that drains southward
into a closed depression. The depression, which is
bounded by a 70-ft topographic contour, contains two
small ponds, the northernmost of which is Mitchell
Pond.

Surface drainage is poorly developed, as is evident
from the lack of well-developed stream channels. Only
a few small streams can be found on the island, and
nearly all of their reaches are intermittent. Water in some
stream reaches infiltrates to underlying sediments. The
intermittent stream that discharges from Peckham Pond,
for example, loses much of its water before reaching
Mitchell Pond. The discharge of this stream on April 20,
1989, increased from 170 gal/min at Peckham Pond to
202 gal/min about 500 ft downstream, but then
decreased to 144 gal/min about 1,000 ft downstream
(50 ft upstream from Mitchell Pond). The initial
increase in flow over the first S00 ft of stream channel
occurs where poorly permeable sediments that appar-
ently underlie the stream at relatively shallow depth
restrict downward movement of shallow ground water.
This shallow ground water discharges to the stream.
Flow decreases farther downstream, eventually to zero
within the closed depression, where underlying sedi-
ments are moderately permeable and downward flow of
ground water is significant.

Ground-Water System

Pleistocene glacial deposits beneath Block Island
are a heterogeneous mixture of interfingering perme-
able and poorly permeable materials that function as a
strongly anisetropic aquifer system. The deposits con-
sist of discontinuous bodies of moderately permeable
sand and gravel, that generally have small thickness and
areal extent. These are separated by discontinuous,
poorly permeable confining units consisting of lenses
of clay, silt, and till (sometimes referred to as hardpan by
drillers), that generally have small to moderate thickness
and areal extent. The confining units impede ground-
water flow, particularly in the vertical direction, but do
not greatly affect continuity of the regional hydraulic
system. The lower part of the aquifer system appears to
include underlying Cretaceous sediments. However,
because only one well (NHW 754) is inferred to pene-
trate Cretaceous sediments that have not been displaced
by glacial transport. little is known about the character
of the ground-water flow system in Cretaceous forma-
tions. Consequently, the ground-water system described
in this report applies only to the Pleistocene sediments.
Furthermore, although upper and lower zones of the
Pleistocene moraine have been identified, mapping of
the contact between these zones has not been completed.
Accordingly, few conclusions can be drawn about dif-
ferences in hydraulic characteristics and water yielding
properties of these two zones.

Freshwater in the unconsolidated sediments that
underlie Block Island forms a lens-shaped body that
"floats" on saltwater, because its density is less than that
of the saltwater. Saltwater occurs in formations below
the freshwater lens and below the ocean floor surround-
ing the island. The lens is thinnest near the perimeter and
thickest near central parts of the island. The depth to the
bottom of the freshwater lens near the central areas of
the northern and southern parts of the island has not been
determined. In the southeastern part of the island, well
NHW-754. screened from about 225-235 ft below sea
level, yields freshwater. Near the seashore, depth to salt-
water may be 25 ft below sea level or less. A well 600 ft
southeast of Cormorant Cove reportedly produced salt-
water at a depth of 25 ft below sea level. At the south end
of the island, a well drilled about 300 ft north of Spar
Point is reported to have produced saltwater at a depth of
about 35 ft below sea level. The thickness of the fresh-
water lens is estimated to range from a few tens of feet
near the perimeter of the island, to more than 350 ft in
the south-central part of the isiand.
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In most places, water at shallow depths (about 35 ft
or so below land surface) is unconfined; that is, it is
under water-table conditions. As water moves down-
ward beneath discontinuous lenses of clay, siit, and
hardpan, however, it becomes locally confined. Because
in most places drilled wells on Block Island penetrate
one or more poorly permeable layers, water at depths of
more than 35 ft is inferred to be confined. The ground-
water-flow system includes local, shallow subsystems
that are superimposed on a deeper regional-flow system.
The shallow subsystems form where near-surface lenses
of poorly permeable sediments impede downward flow
and cause a lateral component of flow to nearby streams,
springs, and seeps. The regional-flow system includes
the vertical components of flow that carry freshwater
below sea level in central parts of the island and then
upward into salt water near the perimeter of the island.

Hydraulic Characteristics

The hydraulic characteristics of the aquifers that
underlie Block Island determine their capacity to store
and transmit water. Characteristics of principal interest
to this study are storage coefficient, hydraulic conduc-
tivity, and transmissivity. These properties are impor-
tant in determining ground-water yield and availability
for the town of New Shoreham.

Storage coefficient, S, is a measure of the capacity
of an aquifer to take water into and release it from stor-
age. Under water-table conditions, the storage coeffi-
cient is effectively equal to specific yield, Sy, which is
the capacity of an aquifer to yield water by gravity drain-
age. Specific yield is expressed as a fraction of a unit
volume of saturated material. The typical range of spe-
cific yield for granular materials is 0.1 to 0.3 (Lohman,
1972, p. 53). In other words, saturated sediments will
yield, by long-term gravity drainage, an amount of water
that is equivalent to 10 to 30 percent of the sediment vol-
ume. Laboratory measurements of the specific yield of
six disturbed samples of till from southern Rhode Island
ranged from 0.04 t0 0.21 and averaged 0.11 (Melvin and
others, 1992). These values may be somewhat high,
however, because the specific yield of disturbed sedi-
ments is generally higher than that of undisturbed sedi-
ments. Aquifer-test analyses and laboratory
determinations have shown that 0.2 is a reasonable aver-
age for specific yield of stratified drift in southern Rhode
Island. (Johnston and Dickerman, 1985, p. 31). The spe-
cific yield of silts and clays are assumed to be negligible.
These sediments have high porosity, but, because the
pores are not well connected, they do not readily yield

water by gravity drainage. Reasonable estimates of spe-
cific yield of shallow water-yielding sediments on Block
Island are 0.10 for loose, unsorted silty sands and grav-
els (diamict sediments), and 0.20 for sorted, stratified
sands and gravels (stratified drift).

The percentage distribution of materials having rel-
atively high specific yield (unsorted and sorted sands
and gravels) and negligible specific yield (clays and
silts) is not known. Cursory inspection of several hun-
dred lithologic logs suggests that lenses of clay and silt
may make up at least 25 percent of the total sediment
volume and that most of the remainder is composed of
unsorted sand and gravel.

Hydraulic conductivity, K, is a measure of the rate
at which water will flow through a unit thickness of
aquifer under unit hydraulic gradient. A measure of the
ability of the entire saturated thickness of an aquifer to
transmit water under a unit hydraulic gradient is termed
transmissivity, T, which is the product of the average
hydraulic conductivity of an aquifer and its saturated
thickness, b; that is, T = Kb. In this report, hydraulic con-
ductivity is reported in feet per day (ft/d), and transmis-
sivity is reported in feet squared per day (ft*/d) which is
the reduced form of cubic feet per day per foot of
saturated thickness [(ft3/d)/ft].

Estimates of horizontal hydraulic conductivity
were obtained for selected lithologies by first determin-
ing T of the water-yielding unit in which a well was
screened and by then dividing T by saturated thickness
of the unit; that is, K = T/b. In most instances, saturated
thickness of an aquifer was assumed to be the distance
from the bottom of the well screen to the bottom of the
first overlying confining unit (clay, silt, hardpan). In a
few instances, saturated thickness was determined as the
distance between confining units above and below the
screen. In 114 wells for which both screen length and
type of material screened were reported, saturated aqui-
fer thickness ranged from 2 to about 60 ft; in half of the
wells, saturated aquifer thickness was 10 ft or more.
About three-fourths of the 114 wells were reportedly
screened in gravel or sand and gravel. Most of the
remaining wells were screened in materials described as
fine to coarse sand. Because the wells probably were
screened in the most permeable units penetrated by the
well, reported values of K can be considered
representative of the most permeable sediments that
underlie the island.
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The transmissivity of aquifer materials in the upper
and lower moraine zones was determined at 156 sites
from specific-capacity data reported by well drillers.
Specific capacity, reported in gallons per minute per
foot of drawdown ((gal/min)/ft), is the value obtained
by dividing well discharge (in gallons per minute), by
the water-level drawdown (in feet) in the well resulting
from pumping. Specific capacities reported by drillers
range from 0.08 to 35 (gal/min)/ft. The median,
however, is only 0.65, and 90 percent of the specific
capacities are less than 3 (gal/min)/ft. Because head
loss results from partial penetration of an aquifer by
the well screen and from turbulent flow of water into
and within a pumped well, reported specific capacities
are commonly lower than maximum values obtainable.
These factors were evaluated and reported specific
capacities were adjusted, where data permitted,
to obtain the most accurate estimates possible of
transmissivity.

By use of the following equation (Lohman, 1979,
p. 52), transmissivity of an aquifer can be estimated
from the specific capacity of a 100-percent-efficient
well that fully penetrates the aquifer :

0 4nT
Q. _ ()
Sw  2301log,,2.25T /r,°S

where

Q ispumping rate, in cubic feet per day;
T istransmissivity, in square feet per day;
w 1sdrawdown, in feet;

t is duration of pumping, in days;
r,, isradius of well, in feet; and

S isstorage coefficient, dimensionless.

Because T is in the numerator and the denominator
of the equation, solutions must be obtained graphically.
A solution was obtained for 1=0.042 days (60 min.),
r,,=0.25 ft, and S = 0.0001. A storage coefficient of
0.0001 is assumed reasonable for confined aquifers on
Block Island. Storage coefficients for confined aquifers
generally range from 0.005 to 0.00005 (Freeze and
Cherry, 1979, p. 60).

The pumping period for the specific-capacity tests
was reported for only one well. Because about 85 per-
cent of the wells were drilled for domestic use and such
wells are generally pumped for a least one hour upon
completion or upon installation of the pump, a pumping

period of 1 hour was assumed for all tests. Even though
wells may have been pumped slightly longer, specific
capacity, which decreases gradually during pumping,
would not be greatly different. The nominal inside
diameter of most of the wells tested is 6 in. The nominal
inside diameter of eight of the wells is 4 in. and of one
is 8 in.

Most wells on Block Island only partially penetrate
the formation from which water is obtained. In about
half of the wells for which specific-capacity data are
available, screens are exposed to less than 30 percent of
the aquifer thickness. The specific capacities of 110
partially penetrating wells were adjusted to those of
fully penetrating wells by use of an equation given in
Walton (1970, p. 319). Adjustments could not be made
in 46 wells for which either screen length or formation
thickness could not be determined.

The specific capacity of a well can also be reduced
by well loss. Well loss is a component of drawdown that
can occur in a well pumped at rates sufficient to cause
the flow of water through the well screen and within the
well bore to become turbulent. Theoretical calculations
of drawdown due to well loss were made for wells on
Block Island (for assumed conditions of minimal devel-
opment and efficiency) by use of an equation given in
Walton (1970, p. 313). Results of these computations
indicate that drawdown due to well loss would have
been negligible for the rates of pumping (4-90 gal/min)
used to obtain specific capacity values. Transmissivities
determined from specific-capacity data and adjusted
where possible for the effects of partial penetration
range from 15 to 17,500 ft?/d. Median transmissivity,
however, is 200 ft>/d. Transmissivity exceeds
1,900 ft%/d at only 10 percent of the wells. These trans-
missivities are indicative of the low overall water-
transmitting capacity of the sediments underlying Block
Island.

Hydraulic conductivity of the materials in which
the wells are screened was estimated for 114 wells. The
values range from 3 to 2,100 ft/d; however, the median
value is 27 ft/d and only 25 percent of the values equal
or exceed 43 ft/d. About 10 percent of the water-bearing
materials for which estimates were made have hydraulic
conductivities of 145 ft/d or more; these materials are
either sorted, stratified drift or Cretaceous sediments
described by drillers as quartz sand or quartz sand and
gravel. The range and median values of hydraulic
conductivity within lithologic types described by
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drillers are given in table 1. The hydraulic conductivi-
ties determined are considered to be maximums,
because, in most cases, the depth to the bottom of the
aquifers (and thus total aquifer thickness) is not known.
Surficial mapping and examination of lithologic logs of
wells indicate that the hydraulic conductivity of sedi-
ments in the upper zone of the Pleistocene moraine may
be somewhat greater than sediments in the lower zone.
This hypothesis could not be tested, however, because
of uncertainty in identifying which zone was screened
in some of the wells. Data for wells screened within
selected altitude horizons (table 2) does indicate that
median hydraulic conductivity of sediments decreases
with depth, but only slightly.

Transmissivities and hydraulic conductivities pre-
sented herein are estimates. Nevertheless, the values are
useful for comparative purposes and are probably in the
correct order of magnitude.

Water Levels

Water levels in wells on Block Island are affected
by topographic position, well depth, and the steep verti-
cal hydraulic gradients that prevail throughout the

island. Depth to water in wells ranges from about 1 ft to
as much as 179 ft below land surface. In hilly areas,
depth to water generally increases markedly with
increasing well depth. For example, a cluster of three
test wells (NHW 256, NHW 257, and NHW 258) were
drilled to different depths about 500 ft north of Fresh
Pond at a land surface elevation of 122 ft above sea
level. Depths of the wells, each with 3 ft of screen
exposed at the bottom, are 84, 38, and 19 ft,
respectively. Depths to water in these wells on
September 21, 1990 were 78.20, 24.86, and 12.52 ft,
respectively. The vertical hydraulic gradient between
the shallowest and deepest well was 1.01 ft/ft.

The altitude of water levels in wells ranges from
about 1 ft to more than 160 ft above sea level. Precise
water-level altitudes in wells were determined at 43
sites by surveying methods. Because the altitude of the
water level in a well is a measure of hydraulic head at
its screened interval, these data were used to determine
the vertical distribution of head in selected areas. These
data were then used to determine the approximate direc-
tion of ground water flow in the vertical dimension.
Results of these determinations are described in the
section on flow.

Table 1. Estimated hydraulic conductivity of materials in which wells are screened

Driller’s description Number of wells

Hydraulic conductivity, in feet per day

Minimum Median Maximum

Gravel.eccece, 25 6 25 545
Sand and gravel...........c.c........ 52 3 35 583
Sand.....oceiieee 17 27 200
Quartz sands and gravels

(displaced Cretaceous

sediment).......c..coeeeveveenennn.n. 6 6 115 2,100
Clayey sand, and

gravels and hardpan............... 9 22 42

Table 2. Hydraulic conductivity of sediments at selected altitudes

Altitude of bottom of well screen
Number of wells

Hydraulic conductivity, in feet per day

above or below(-) sea level Minimum Median Maximum
0 to 88 10 5 36 115
-110-50 50 3 33 583
-51 to -100 4] 3 22 12,100
-101 to -169 13 3 26 145

INext lowest value is 545.
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The low average water-transmitting capacity of the
sediments composing Block Island results in slow
drainage of the precipitation that infiltrates the predom-
inantly sandy surficial deposits (fig. 8). As a conse-
quence, water saturated sediments are encountered
relatively close to the surface throughout the island,
even in topographically high areas. Hansen and Schiner
(1964, p. 14) considered most of the saturated material
above sea level to be perched. They refer to upper
perched water bodies and to at least two large bodies of
perched water collectively termed the "lower perched
water zone." Although small bodies of perched water
may occur locally near the surface, examination of their
data and data obtained during this investigation,
revealed no evidence of the existence of aerially exten-
sive bodies of saturated material underlain by
unsaturated material. Accordingly, the concept of a
lower perched water zone was abandoned.

Available evidence points to the existence of one
main zone of saturation on Block Island and thus one
main water table. A map of the water-table surface
(fig. 13) was prepared using control points that include
(1) altitudes of water levels in 96 dug wells and 21
drilled wells that were equal to or less than 35 ft deep,
(2) altitudes of springs, ponds, and swamps estimated
from the topographic map, and (3) altitudes of bottoms
of dry depressions, which indicate maximum potential
altitude of the water table.

Water levels in wells used to contour the water
table were measured chiefly during June-September
1962. Many of these wells have been destroyed since
1962 or were otherwise inaccessible to measurement
during the current study. Also used were water-level
measurements made in wells during March-August
1988-90, at sites where no measurements were obtained
in 1962. Use of water levels from different years in con-
touring the water table surface is justified because (1)
water levels in a USGS observation well 13 mi north of
Block Island show that water levels fluctuated over
nearly the same range in 1962 as they did in 1988-90,
and (2) water levels measured in eight of nine key wells
on Block Island at about the same time of year in 1962

as in 1988-90 differed by less than 2 ft. The key wells
are located in areas where annual fluctuations of 3 to
10 ft may be expected.

Water-level fluctuations were monitored by means
of float-driven digital recorders installed in five unused
wells (fig. 14). Four of the wells (NHW 17, NHW 75,
NHW 157, and NHW 418) are large-diameter dug
wells, 6 to 17 ft deep, whose bottoms are about 18, 23,
0, and 28 ft above sea level, respectively. Well NHW
417 is a 247-foot deep drilled well in which screen is
exposed 116-119 ft below sea level.

Water-level fluctuations recorded in the shallow
dug wells represent fluctuations in water-table altitude
that result from changes in the rates of recharge to, and
discharge from, the ground-water system. The water
table rises when the rate of recharge exceeds the rate of
discharge and falls when these conditions are reversed.
Although precipitation is distributed rather uniformly
throughout the year, the rate of recharge from infiltrat-
ing precipitation is normally reduced during the
growing season (May-October) because of increased
rates of evaporation and transpiration. Consequently,
there is usually a net decline in the water table during
the growing season followed by a net rise during the
non-growth months (November-April).

Because precipitation was substantially below
average during 1988 and substantially above average in
1989, the range in water table fluctuations (2-10 ft)
recorded in these four wells probably is representative
of the range to be expected in them most of the time.
However, somewhat larger declines may be expected
during successive years of drought.

Water-level fluctuations shown in the hydrograph
for well NHW 417 were caused primarily by the effects
of ocean tides, which are more readily discernible if the
record is viewed in the expanded scale shown in
figure 15. The sinusoidal shape of the hydrograph in
figure 15 reflects the rise and fall of the freshwater lens
in response to rising and falling ocean tides. This con-
tinuous oscillation of the freshwater lens contributes to
the mixing of freshwater and saltwater in a zone of
brackish water that separates freshwater and saltwater
beneath the island.
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Figure 14. Water-level fluctuations in selected wells on Block Island—Continued.

Pumping from BIWC supply well NHW 425, which
is located 580 ft to the southeast of well NHW 417 and
screened from 104 to 109 ft below sea level, was
observed to produce drawdown in well NHW 417.
However, the effect was small and largely obscured by
tidal effects. Intermittent pumping from NHW 425 at an
estimated rate of 35 gal/min obviously produced
drawdowns of less than 2 ft in well NHW 417 during the
27-month monitoring period, because its water level
fluctuated less than 2 ft during that period.

Water levels were measured at staff gages
installed in 12 ponds, including Sands Pond and Fresh
Pond, about every other week between summer 1988
and summer 1990. Pond level fluctuations during this
period ranged from 1.6 to 3.3 ft. Because ground-
water levels in shallow wells near some ponds were at
about the same altitude as pond levels, water levels in
ponds were assumed to coincide with the water table.
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Figure 15. Effect of ocean tides on water-level fluctuations in a Block Island Water Company
supply well (NHW 417), screened 116-119 feet below sea level, on October 1, 1988.

Recharge and Discharge

Ground-water recharge is the fraction of precipita-
tion that percolates through soils to the water table after
losses to overland runoff and evapotranspiration. To
determine ground-water recharge, measured precipita-
tion must be reduced by the amount of water lost to
evapotranspiration and overland runoff according to the
following equation:

R =

P-(E+0), 2)

where

is ground-water recharge;

is precipitation;

is evapotranspiration; and

is overland flow.

Because precipitation has been measured on Block
Island and because evapotranspiration and overland
runoff can be estimated with some confidence,

OmwX

estimates of average annual discharge (and, therefore,
recharge) can be obtained by substituting appropriate
values for these items into the equation.

As mentioned previously, average annual precipi-
tation on Block Island during 1890-1988 was 40.2 in.,
and the median annual precipitation during 1890-1990
was 38.9 in. During 1951-80, the period used by the
National Weather Service during the course of this
study to compute normal precipitation, average
precipitation was 42.7 in.

Hansen and Schiner (1964) estimated that average
annual evapotranspiration on Block Island during 1887-
1961 was 25 in. (or 61 percent of average annual precip-
itation) by use of a method by Thornthwaite and Mather
(1957). Estimates of evapotranspiration determined by
subtracting long-term (1930-49) runoff from long-term
precipitation compiled by Knox and Nordenson (1955)
indicate that evapotranspiration ranges from 43 percent
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of precipitation in southern Rhode Island to 50 percent
of precipitation in northern Rhode Island and averages
about 47 percent. Johnston and Dickerman (1985, p. 10)
also calculated evapotranspiration to be the difference
between precipitation and runoff and determined
evapotranspiration in the 100-mi? drainage area
upstream from Wood River Junction in southern Rhode
Island to average about 43 percent of precipitation
during 1941-78. Direct measurement of recharge on
Nantucket Island during 1964-83, by means of a method
involving measurement of tritium in ground water, indi-
cates that average annual evapotranspiration in that area
is only 29 percent of average annual precipitation
(Knott and Olimpio, 1986). A value of 50 percent was
chosen for the analysis on Block Island because it is a
conservative estimate that is within the range of values.

Overland runoff on Block Island was considered
by Hansen and Schiner (1964, p. 13) to be a small frac-
tion of average annual precipitation because of the per-
meable sandy soils that cover most of the island; the
presence of numerous closed depressions, particularly
in the southwestern part of the island; and the absence
of visible runoff during most storms. This assumption is
supported by results of numerous field studies in humid,
vegetated areas (Freeze and Cherry, 1979, p. 219).
Studies on Long Island, N.Y. (Cohen and others, 1968,
p- 40), indicate that overland runoff is probably no more
than 2 percent of average annual precipitation. Other
investigators (Nemickas and Koszalka, 1982; Knott and
Olimpio, 1986) have estimated overland runoff in areas
of south coastal New England and New York to be from
less than 1 to about 2 percent of average annual
precipitation.

For purposes of estimating average annual ground-
water recharge for Block Island, it was assumed that
average annual evapotranspiration and overland runoff
are equivalent to 50 percent and 2 percent of average
annual precipitation, respectively. Substitution of these
values into the equation and use of median annual
precipitation of 38.9 inches for 1890-1988 gives the
following estimate of average annual recharge:

R =389in.-(195in. + 0.8 in.) = 18.6 in.

Average annual recharge of 18.6 inches over the
11 mi? area of Block Island is equivalent to average
annual recharge to Block Island of 9.8 Mgal/d.

Fresh ground water discharges naturally to salt-
water by way of streams, shoreline springs and seeps,
and upward flow directly to the ocean and saltwater
ponds. Measurements and estimates of ground-water
discharge to streams, springs, and seeps indicate that
less than 2 Mgal/d of the average annual ground-water
discharge of about 10 Mgal/d discharges to these sites
and that most of the balance discharges directly to the
ocean and saltwater ponds.

During April 1989, flows of four streams that dis-
charge to saltwater were measured near their mouths,
and discharges of 31 small streams, springs, and seeps
that discharge to saltwater were estimated. The mea-
sured discharges (1.3 Mgal/d) and estimated discharges
(1.0 Mgal/d) total 2.3 Mgal/d. Because the measure-
ments and estimates were made during a year of above-
average precipitation at a time of year when the water
table was near its maximum altitude, it is reasonable to
assume that the combined average annual discharge
from these sites would be significantly less than
2.3 Mgal/d (assuming estimated discharges to be rea-
sonably correct). Thus, average annual discharge of
ground water by upward flow directly to the ocean near
the perimeter of the island and by upward flow directly
to saltwater ponds may exceed 8 Mgal/d.

Flow

Ground-water flow on Block Island is three dimen-
sional; there are vertical as well as lateral components
of flow. The approximate direction of flow can be deter-
mined by contouring hydraulic-head measurements
made in wells screened at different depths below land
surface. As is shown in the map of the water-table
contours (fig. 13) and sectional views (figs. 16 and 17),
ground water flows from areas of high hydraulic head to
areas of low hydraulic head. Precipitation that perco-
lates to the water table flows from points of entry to
points of discharge along paths that are approximately
perpendicular to these contours. (Arrows depicting flow
direction in figures 16 and 17 may not be perpendicular
to contours of hydraulic head because of the exaggera-
tion of the vertical scale and because hydraulic
conductivity of the aquifer system is neither
homogeneous nor isotropic.)
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The water-table map (fig. 13) shows the approxi-
mate two-dimensional directions of shallow ground-
water flow. In general, the water table slopes away from
topographically high areas, producing more or less
radial flow from these areas toward the ocean. A notable
exception is the ground-water drainage area of about
0.36 mi” that includes Fresh and Peckham Ponds. Most
of the shallow ground-water flows towards Rodman
Hollow, as is indicated by the arrows pointing toward
the 40-foot depression contour on the water table. From
there, flow is southward into the ocean. Some of the
shallow ground water in the Fresh Pond drainage area
flows from the eastern side of Fresh Pond into Fresh
Swamp, eventually discharging into Harbor Pond or
Great Salt Pond. Another notable exception is the 120-
foot depression contour that encloses Sands Pond; this
depression is caused by withdrawals from the pond for
public water supply. Occasionally, the pond elevation is
higher than ground-water level at the northern end of
the pond. On these occasions, some shallow ground
water flows northward from the pond toward Great
Swamp.

The slope, or gradient, of the water table is steep in
most areas because the lenses of low hydraulic conduc-
tivity underlying much of the island impede the down-
ward flow of water. Gradients are steepest where the
sediments are least permeable, such as along the north-
eastern and southeastern edges of the island. In these
areas, the gradients cause seepage to occur at the
surface. The steep vertical gradients shown in figures 16
and 17 (sections A-A’ and B’-B”), also attest to the
presence of the many lenses of silt and clay that impede
vertical flow.

WATER RESOURCES

The development potential of a water resource is a
function of both its quality and abundance. These char-
acteristics and their relationship to the development
potential of the Block Island ground-water reservoir are
discussed in the following sections.

Water Quality

The suitability of a water supply for public use
largely depends on its quality, or chemical composition.
The USEPA is required, under the 1986 Amendments to

the Safe Drinking Water Act, to establish drinking-
water regulations and health advisories for constituents
in drinking water that may have an adverse effect on
health. Maximum Contaminant Levels (MCL's),
which are Federally enforceable, establish the maxi-
mum permissible level of chemical constituents in
water delivered to any user of a public water system.
Secondary Maximum Contaminant Levels (SMCL's),
which are not Federally enforceable, establish limits for
chemical constituents that may affect the aesthetic qual-
ity of the water. In addition, States may establish maxi-
mum contaminant levels that meet or exceed the water-
quality requirements of the USEPA. A summary of
MCL's, SMCL's, and Rhode Island maximum contami-
nant levels for inorganic constituents reported in this
study are presented in table 3 (U.S. Environmental
Protection Agency, 1987a, 1987b; Rhode Island
Department of Health, written commun., 1991).

Precipitation

Precipitation samples were collected for chemical
analysis from a rain gage at the northern end of Sands
Pond (Burns, 1993). Sodium and chloride are the
dominant constituents, and the ratio of sodium to chlo-
ride is consistent with a seawater source. Sulfate is
present in concentrations greater than those expected
from a marine source as a result of anthropogenic inputs
(burning of fossil fuels). Precipitation falling on Block
Island is slightly acidic; the median pH of samples col-
lected during the course of this study was 4.7. Precipi-
tation is, however, naturally acidic because carbon
dioxide gas, present in the atmosphere, dissolves in
rainwater and produces carbonic acid. The resulting pH
is theoretically near 5.6. The median pH of 4.7 for
precipitation on Block Island indicates additional
acidification by pollutants in the atmosphere.

The specific conductance (a measure of ionic con-
centration) of these samples ranged from 11 to
85 uS/cm, with a median of 35. This range is reflective
of the variable concentrations of sodium, chloride, and
sulfate—0.75 to 7.8, 1.6 to 14, and 0.7 to 7 mg/L,
respectively. Variability in the chemical composition of
precipitation is a function of storm track, intensity, and
duration. Therefore, it is not possible to define an
average composition for precipitation on Block Island.
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Table 3. Federal maximum contaminant levels and secondary maximum contaminant levels and Rhode Island maximum
contaminant levels for inorganic chemicals, and pH of drinking water

[MCL, maximum contaminant level; SMCL, secondary maximum contaminant level; RI, Rhode Island; --, no data available]

Contaminant levels, in milligrams per liter

Constituent

MCL SMCL Rl
Barium .....coccovveeereeeeeee 2.0 -- 1.0
Cadmium.....cccoveeicvircieeierireceieenns .005 -- .005
Chloride ......cvevveeiivecieniiier e, -- 250 --
Chromium .......cccvveivevecececnennnnennn, .1 -- .05
(610]] 15 TR USOPR 1.3 1 --
Fluoride .......ccccecvevivenceenieeceeeiens 4.0 2 4.0
IrOn e, -- 3 --
Lead.....coocoeeviiiieececeeeeeeee 015 -- .015
Manganese .........ccceveveerenercrennnennes - .05 -~
NicKel ..o .1 - --
Nitrate (a8 N).oooveeiorieviecveecveeeeees 10.0 -- 10.0
PH. o - 6.5 t07.5 --
SHVET oo -~ .10 .05
Sulfate ..o - 250 --
ZINC .ot -- 5 --

Surface Water may receive most of their input from ground water or, in

Surface-water bodies (ponds, streams, and fresh-
water wetlands) on Block Island receive input from pre-
cipitation, ground-water discharge, and, in some cases,
storm washovers of saltwater. In addition, their chemi-
cal composition can be affected by sea spray and human
activities. The chemical composition of these surface-
water bodies, therefore, varies both spatially and
temporally in response to these factors.

Specific conductance ranged from 56 to 447 uS/cm
in 36 ponds and streams sampled during 1989 as part of
this study. Because dissolved ions contribute to the elec-
trical conductivity of a solution, specific conductance
can be used as an indirect measure of the concentration
of dissolved constituents. On Block Island, specific con-
ductance is largely controlled by the concentration of
sodium and chloride from sea salt. As the concentration
of the ions increases, so does the specific conductance.
Surface-water sites where specific conductances were
less than 100 uS/cm receive most of their input from
precipitation, and specific conductances of the water are
in the range of those for precipitation on Block Island.
These sites are generally inland, and water levels at
these sites fluctuate significantly as a result of rainfall.
Sites where specific conductances exceeded 100 puS/cm

coastal areas, they may receive significant amounts of
salt from sea spray or storm washovers. Fresh and
Sands ponds, the largest ponds in the southern high-
lands, are surface expressions of the water table. As
such, their composition is similar to that of the shallow
ground water (discussed in the following section).
Sands Pond, however, is currently used for public water
supply, and, since 1985, discharge from BIWC supply
well #5 (NHW 425) is pumped into the pond during
periods of peak demand to maintain pond levels above
the water company's intake. This well is 246 {t deep and
is screened at about 110 ft below sea level. The chemi-
cal composition of water from this well varies as a func-
tion of pumping duration; the dissolved solids
concentration increases as pumping continues. During
1977-86, concentrations of total dissolved solids in
water from this well ranged from 82 to 603 mg/L and
total iron from 1.1 to 14.5 mg/L (Burns, 1993). The
chemical composition of Sands Pond has changed as a
result of input from this well. Periodic testing by the
Rhode Island Department of Health has shown that
chloride concentrations in the pond have fluctuated
from a low of 26 mg/L during the 1984-1985 monitor-
ing period to a high of 89 mg/L during the 1986-87
monitoring period (Burns, 1993).
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Direct influxes of seawater also have a substantial
effect on water quality in coastal ponds. Middle and
Sachem ponds, for example, were inundated by storm
surges during the 1956 hurricane (Guthrie and Stolgitis,
1977). In 1962, the chloride concentration in Sachem
Pond was 2,100 mg/L (Hansen and Schiner, 1964), con-
siderably higher than the 25 to 35 mg/L background
concentrations in ground water. By 1988, at the time of
this study, chloride concentrations in the pond had
declined to 110 mg/L as a result of flushing of ground
water and dilution by precipitation.

Because of the variability in the chemical quality
of surface-water bodies on Block Island, it is not
possible to make generalizations regarding ambient
water quality for the island as a whole. Surface-water
bodies in the interior of the island are expected to have
chemical compositions reflecting a mixture of precipita-
tion and local, shallow ground water—the higher the
specific conductance, the greater the ground-water
contribution. In coastal areas, sea spray can contribute a
significant quantity of solutes to the pond and can pro-
duce elevated’ sodium and chloride concentrations.
Low-lying coastal ponds and marshes, particularly
those along the western shore of Corn Neck, are

3In this report the term elevated concentration refers to a
concentration higher than the background level.

susceptible to storm washovers and may exhibit dra-
matic changes in chemical composition over a short
period of time.

Ground Water

Determinations of physical properties and concen-
trations of common constituents in water from 78 wells
and 6 springs were used to characterize the quality of
ground water on Block Island. A summary of selected
physical properties and concentrations of major
constituents is given in table 4.

Asexpected, ground-water quality on Block Island
is strongly affected by sea salt, and sodium and chloride
account for 40 to 80 percent of the anion and cation
concentrations, in milliequivalents per liter. Complete
chemical analyses of major cations and anions were
done on water samples from 20 wells (Burns, 1993).
The average chemical composition of these samples is
illustrated in figure 18.

Physical Properties and Major
Chemical Constituents

A complete listing of selected physical properties
and concentrations of major and trace constituents in
ground water at the 92 sites sampled by the USGS is
published under separate cover in Burns (1993). Below
is a summary of those data.

Table 4. Summary statistics for selected properties and constituents of ground water on Block Island, R.1I.

|Data are in milligrams per liter except as indicated; ND, constituent concentration was less than the analytical detection limit (0.01 for
nitrate, 0.003 for iron, 0.01 for manganese, 1.0 for sulfate); see table 3 for limit description; uS/cm, microsiemen per centimeter at 25°C;

°C, degrees Celsius; --, no data available]

Cor::;:&:tr;t or N;::E esre:f Minimum Median Maximum Limit
PH e s 90 44 6.4 8.2 6.5t075
Specific conductance (US/cm) ........cccvvennen 92 88 203 1,890 --
SOAIUM ...t e e 25 9 20 170 --
ChIOFIE .....cooveieeeeecerceeee e e 92 8 28 540 250
Nitrate (@S N) .oocvoeevieeireerireeeecee e 83 ND .84 7.5 10
TEON et 76 ND .07 27 3
Manganese............occourii i 76 ND .05 3.1 .05
Alkalinity (as CaCO3) ..coovvvevenrcrircciniens 42 9 21.5 65 --
CalClum.....ccvieieciceeee e e eee 25 2.7 5.8 19 --
Magnesium .........cooeeeciiiiiiin e 25 3.0 4.5 15 --
Potassium.......ccoocceeeeiineiiee e 33 1.0 2 53 --
Sulfate ..o e 33 ND 15 48 250
SHHCA vt 25 9.6 14 24 --
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SUMMARY AND CONCLUSIONS

Freshwater is present on Block Island in ponds, a
few intermittent streams, and a lens of ground water that
is underlain by salt water. Small supplies of drinking
water are obtainable from ponds, but ground water is the
principal freshwater resource. Because of this, the
unconsolidated sediments that form Block Island have
been designated a sole-source aquifer by the U.S.
Environmental Protection Agency, and virtually the
entire island has been given a GAA ground-water
classification by the Rhode Island Department of Envi-
ronmental Management. A GAA classification is given
to ground water resources that warrant the highest level
of protection from contamination; ground water in this
classification is suitable for public supply without
treatment.

Annual water use on Block Island during 1990 is
estimated to be 53 Mgal. Of this total, approximately
17 Mgal was pumped from Sands Pond by the Block
Island Water Company for distribution to homes and
commercial establishments in the business district. The
remaining 36 Mgal was pumped from private wells and
a few springs that supply 93 percent of the homes on
Block Island. About 60 percent (31.6 Mgal) of the water
used on Block Island in 1990 was discharged to the
ocean through a public sewer system; the remainder
(21.4 Mgal) was returned to the ground-water reservoir
through septic systems.

The island is part of a glacial end-moraine deposit
of Late Pleistocene age that unconformably overlies
older unconsolidated sediments of Cretaceous age.

The base of the glacial deposits ranges from 230 ft
below sea level at the northern end of the island to 160
ft below sea level at the southern end. The glacial sedi-
ments consist of a complex mixture of sorted and strati-
fied meltwater deposits, nonsorted sediment-flow
deposits, till, and glacially transported blocks of older
(pre-Late Wisconsinan) glacial and Cretaceous strata.

The freshwater lens is present chiefly in the glacial
sediments but locally extends into the underlying Creta-
ceous sediments. South of Great Salt Pond, the bottom
of the freshwater lens is estimated to be 300 ft or more
below sea level; the upper surface of the lens is the water
table, which is locally as high as 160 ft above sea level.
In lowlying coastal areas the water table commonly is
only about 1 ft or less above sea level, and wells in these
areas reportedly reach salt water at depths of as little as
25 ft below sea level. Recharge to the freshwater lens by
precipitation is estimated to average about 10 Mgal/d.

The complex interbedding of glacial sediments
with widely differing hydraulic conductivities has pro-
duced an aquifer that is heterogeneous and strongly
anisotropic. Layers of clay, silt, and other materials
having very low hydraulic conductivity impede vertical
flow, thereby creating locally steep vertical gradients as
demonstrated by water levels in some closely spaced
shallow and deep wells that differ by 100 ft or more.
Because the average hydraulic conductivity of the
sediments that form Block Island is low, the water table
conforms closely to the topographic surface. As a conse-
quence ground water flows radially from the central
highlands to the coast.

The principal water-yielding units are discontinu-
ous lenses of moderately to highly permeable sand and
gravel, which range in thickness from 4 to 60 ft.
Horizontal hydraulic conductivities of these units range
from 3 to 2,100 ft/d; median hydraulic conductivity,
however, is only 27 ft/d and values exceed 145 ft/d at
only 10 per cent of wells.

The chemical quality of ground water on the island
is strongly affected by sea salt. Sodium and chloride,
attributable to incorporation of sea spray in recharge
water, are dominant chemical constituents, although
concentrations generally are not excessively high. The
median concentration of sodium in 25 samples of
ground water is 20 mg/L; the median concentration of
chloride in 92 samples of ground water is 28 mg/L.
Nitrate concentrations, which are affected by septic
system leachate, were less than the USEPA's MCL of
10 mg/L (as N) for public drinking-water supplies at
each of 83 sites sampled. Concentrations range from
nondetectable (less than 0.01) to 7.5 mg/L, with a
median value of 0.8 mg/L. Dissolved iron, however,
exceeded the USEPA's SMCL of 0.3 mg/L for public
drinking-water supplies at 26 of 77 sites sampled. Con-
centrations range from nondetectable (less than
0.01 mg/L) to 27 mg/L with a median of 0.07 mg/L.
High concentrations of iron were detected predomi-
nantly in ground water from the eastern and northern
parts of the island and are attributed to the presence of
iron-bearing minerals in association with organic
material.

A comparison of chloride concentrations
from wells and springs sampled as part of this study
and that of Hansen and Schiner (1964) indicates
that concentrations in water from most wells have
declined or remained constant during the past
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30 years (1960-90). This may be an indication that
ground-water withdrawals are not significantly affecting
the position of the freshwater/saltwater interface.

The recharge areas of Sands and Fresh Ponds were
delineated on the basis of surface-water and ground-
water divides. Sands Pond has a surface-water drainage
area of approximately 64 acres and a ground-water
drainage area of approximately 79 acres. Fresh Pond has
a surface-water drainage area of approximately
108 acres and a ground-water drainage area of
approximately 111 acres. These recharge areas define
the zone of contribution for surface- and ground-water
flow to each of the ponds. Generalized ground-water
flow directions can be inferred from the water-table map
and geohydrologic sections. However, actual flow paths
followed by recharge water are strongly affected by the
presence of layers of low hydraulic conductivity mate-
rial between the water table and the well intakes and
may deviate significantly from generalized flow paths.

Sampling conducted as part of this study showed
no evidence of widespread ground-water contamination.
Ground water in some parts of the island, however, may
be at risk of contamination from saltwater intrusion,
leachate from septic systems, and leakage from buried
fuel tanks. Saltwater contamination of well supplies can
result from withdrawal at sustained rates of as little as
50,000 gal/d (35 gal/min) from wells screened 100 ft or
more below sea level at sites as far as one-half mile
inland. Saltwater contamination also can resuit from
sustained pumping at even lower rates from wells drilled
below sea level in lowlying coastal areas. However,
withdrawals for domestic use, which typically average
less than 300 gal/d, appear sustainable in wells screened
at nearly any depth below sea level as long as the water
is not initially saline. Potential leakage from as many as
194 buried fuel tanks located at residences throughout
the island constitute the most serious threat to ground-
water quality. Leachate from the closed Block Island
landfill lows westward into Block Island Sound and
does not constitute a threat to drinking water supplies on
the island.

In 1990, the Block Island Water Company with-
drew an average of about 74,000 gal/d from Sands Pond
during May-October. Although this yield may be sus-
tainable over a succession of years when precipitation is
average or above average, sustainable yields may be

closer to 45,000 gal/d during a succession of drier years,
thereby creating a deficit of 30,000 gal/d. This deficit
could be met from wells in the Block Island Water Com-
pany well field at Sands Pond, two of which reportedly
produced 40,000 gal/d during the summer of 1963.
However, water from these wells contains excessively
high concentrations of dissolved iron. The water com-
pany has proposed the use of Fresh Pond to meet the def-
icit, partly because the water is iron-free and partly
because the cost of pumping from Fresh Pond has been
determined to be lower than that for pumping ground
water. It is estimated that withdrawal of 30,000 gal/d
from Fresh Pond would produce a water-level decline of
less than 1 ft during dry years.

Ground water is readily available for development
throughout the island. Yields adequate for domestic use
(2-5 gal/min) are obtainable at most sites, and yields of
25 gal/min or more are obtainable at many locations,
particularly in the part of the island south of Great Salt
Pond. A small percentage of wells reportedly yield 50 to
200 gal/min. Although most wells are drilled to depths
below sea level, yields of 25 gal/min or more are locally
obtainable from wells with screens above sea level in the
southern part of the island.

The amount of fresh, potable ground water avail-
able for use on the island depends on (1) the number,
location, depth, and pumping rates of wells; (2) the
volume of ground water discharged to the ocean by way
of the municipal wastewater collection system; (3) the
volume and areal distribution of water returned to the
ground-water flow system through septic systems; and
(4) the effect of septic-system return flow on the quality
of the ground water. Closely spaced wells and wells
pumped at high rates increase the likelihood of saltwa-
ter intrusion in wells screened below sea level. Return
flow of water from septic systems helps maintain the
altitude of the water table and, therefore, lessens the
effect of pumping on the position of the freshwater/salt-
water interface. However, leachate from septic systems
depends largely on dilution to achieve acceptable water
quality; therefore, close spacing of septic systems may
result in unacceptable degradation of water quality.
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GLOSSARY

The following are definitions of selected technical terms
as they are used in this report; they are not necessarily the
only valid definitions for these terms. Terms defined in the
glossary are in bold print where first used in the main body
of this report.

Anion. An atom, group of atoms, or molecule that has a net
negative charge.

Anisotropic. That condition in which all hydraulic properties
vary with direction.

Aquifer. A formation, group of formations, or part of a
formation that contains enough saturated permeable
material to yield significant quantities of water to wells
and springs.

Bedrock. The solid rock, commonly called "ledge," that
underlies unconsolidated material at the Earth's surface.

Bottomset Beds. The layers of finer material carried out and
deposited on the bottom of the sea or a lake in front of a
delta.

Cation. An atom, group of atoms, or molecule that has a net
positive charge.

Clast. An individual particle of sediment or sedimentary rock
produced by the physical disintegration of a larger mass.

Colluvium. A general term applied to loose and
unconsolidated deposits, usually at the foot of a slope;
gravity plays the primary role in the transport of such
material.

Concretion. A nodular or irregular accumulation of material
in a sedimentary rock; developed by localized
precipitation of material from solution.

Confining Units. A layer or strata which, because of its low
permeability relative to the surrounding aquifer
material, inhibits the flow of ground water.
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Contact. A plane or irregular surface between two different
types or ages of rocks or unconsolidated sediments.

Cross-Bedded. Characteristic of sediment or sedimentary
rock; the arrangement of laminations at angles other
than the primary bedding plane of the strata.

Diamict. A poorly sorted sediment, showing no evidence of
transport by water.

Discharge. The volume of water that passes a given point
within a given period of time.

Dissolved Solids. The residue from a clear sample of water
after evaporation and drying for 1 hour at 180°C;
consists primarily of dissolved mineral constituents, but
may also contain organic matter and water of
crystallization.

Distal. At the greatest distance from the sediment source.
Downwasting. Melting of the ice sheet, or glacier.

Drainage Area. The drainage area of a stream at a specified
location is that area, measured in a horizontal plane,
which is enclosed by a drainage divide.

Drawdown. The decline of water level in a well after
pumping starts. It is the difference between the water
level in a well after pumping starts and the water level as
it would have been if pumping had not started.

Eolian. Of, or pertaining to, the action of wind.

Evapotranspiration. Water withdrawn from a land area by
evaporation from water surfaces and moist soil and plant
transpiration.

Foreset Beds (Strata). The series of layers accumulated as
sediment rolls down the steep frontal slope of a delta.

Granite. A coarse-grained, light colored, igneous rock.

Ground Water. Water in the ground that is in the zone of
saturation, from which wells, springs, and ground-water
runoff are supplied.

Ground-Water Discharge. Water that discharges from the
ground-water flow system to a spring, seep, or surface-
water body.

Hardpan. Drillers' term used to describe layers of
unconsolidated sediment that are hard to drill through.
In this report, hardpan is interpreted as till.

Heterogeneous. Synonymous with nonuniformity. A
material is heterogeneous if its hydrologic properties
vary with position within it.

Hydraulic Conductivity. The volume of water that will flow
through a cross-sectional area under a specific gradient
during a specific length of time. Hydraulic conductivity
is reported herein as feet per day (ft/d).

Hydraulic Gradient. The change in static head per unit of
distance in a given direction. If not specified, the
direction generally is understood to be that of the
maximum rate of decrease in head.

Hydraulic Head. The height of a column of water above a
point of measurement in an aquifer plus the elevation of
that point above or below an established datum. For this
report, hydraulic head is assumed effectively equal to
the altitude of the water level, in feet above or below sea
level in a tightly cased well that is screened at its bottom.

Hydrogeology. The study of subsurface water (that is ground
water).

Hydrograph. A graph showing stage (height), flow velocity,
or other property of water with respect to time.

Intergranular. Void space between grains, or clasts, of rock
or sediment.

Interlobate. At the junction of two lobes of ice.

Kettle. A roughly circular or oblong depression produced by
collapse following the melting of a buried ice block.

Lithologic Log. Description of geologic material collected
during sampling of test wells.

Massive. Sediment or sedimentary rock that displays little or
no cross bedding.

Maximum Contaminant Level. Maximum concentration or
level of a contaminant in drinking-water supplies as
established by the U.S. Environmental Protection
Agency. Primary maximum contaminant levels are
based on health considerations and are legally
enforceable. Secondary maximum contaminant levels
are based on aesthetic considerations and are
recommended guidelines.

Median. The middle value of a set of measurements that are
ordered from lowest to highest; 50 percent of the
measurements are lower than the median and 50 percent
are higher.

Milliquivalents per liter. Chemical concentration unit
(meg/L). A meq/L is equal to the concentration in mg/L
divided by the atomic (or molecular) weight and multi-
plied by the charge of the ion.

Modern. Of, or pertaining to, processes that are ongoing at
present.

Moraine. Sediment, deposited chiefly by direct glacial
action, that accumulates at the margin of a glacier;
consists of poorly sorted sediment which may range in
size from clay to boulders.

Morphosequence. A "package” of contemporaneously
deposited stratified drift that grades from coarse grained
near the glacier margin to fine grained in areas further
from the ice.
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Organic Chemical. A chemical compound containing car-
bon. Historically, organic compounds were those
derived from vegetable or animal sources. Today, many
organic chemicals are synthesized in the laboratory.

Perched. Hydrologic condition refering to the superposition
of two zones of saturated sediment separated by a zone
of unsaturated sediment.

pH. Symbol denoting the negative logarithm of hydrogen-
ion concentration in a solution to base 10. Values of pH
range from 0O to 14. The lower the value, the more acidic
the solution (that is, the more hydrogen ions it contains).
A value of 7.0 is the neutral point. Values greater than
7.0 indicate an alkaline solution, whereas values less
than 7.0 indicate an acidic solution.

Porosity. A measure of the amount of pore space in a rock or
sediment; expressed as the ratio of the void volume to
the total volume of the rock or sediment; commonly
expressed as a percentage.

Precipitation. The discharge of water from the atmosphere,
either in a liquid or solid state.

Recharge. The amount of water that is added to the saturated
zone, for ground water, or that gets to a surface-water
body.

Recharge Area. The area that contributes recharge to a given
well, surface-water body, or aquifer.

Runoff, Total. Part of precipitation that appears in surface
streams. It is the same as streamflow unaffected by
artificial diversion, storage, or other works of man in or
on stream channels. Includes surface- and ground-water
runoff.

Saturated Thickness. The thickness of an aquifer below the
water table.

Sediment-Flow Deposits. Largely unstratified and unsorted
material transported by a gravity flow through air or
water; a landslide or submarine-landslide deposit.

Specific Conductance. A measure of the ability of water to
conduct an electrical current, expressed in microsiemens
per centimeter at 25 degrees Celsius. Specific conduc-
tance is related to the type and concentration of ions in
solution and can be used for estimating the dissolved-
solids concentration of the water. Commonly, the
concentration of dissolved solids (in milligrams per
liter) is about 65 percent of specific conductance (in
microsiemens per centimeter at 25 degrees Celsius. This
relation is not constant from stream to stream or from
well to well, and it can even vary in the same source with
changes in the composition of the water.

Specific Yield. Ratio of the volume of water a fully saturated
rock or unconsolidated material will yield by gravity
drainage, given sufficient time, to the total volume of
rock or unconsolidated material; commonly expressed
as percentage.

Storage Coefficient. The volume of water an aquifer releases
from, or takes into, storage per unit surface area of the
aquifer per unit change in head; commonly expressed as
a decimal or percentage. In an unconfined aquifer, the
storage coefficient is virtually equal to the specific yield.

Stratified. Exhibiting layering and lamination indicative of
formation in layers or strata.

Stratified Drift. Unconsolidated sediment that has been
sorted by glacial meltwater and deposited in layers, or
strata.

Surface Water. Bodies of water present at the land surface,
including wetlands, ponds, lakes, and rivers.

Terminal/End Moraine. Sediment, deposited chiefly by
direct glacial action, that accumulates at the terminus of
a glacier. An end moriane marks a stable ice-front
position during the retreat of a glacier. A terminal
moraine marks the maximum advance of the ice.

Till. A glacial deposit of predominantly nonsorted,
nonstratified material ranging in size from boulders to
clay. It is commonly so compact that it is difficult to
penetrate with light drilling equipment.

Transmissivity. The hydraulic conductivity of an aquifer
multiplied by the saturated thickness of the aquifer.
Transmissivity is expressed herein as feet squared per
day (ft/d).

Unconfined Aquifer (Water-table Aquifer). An aquifer in
which the upper surface of the saturated zone, the water
table, is at atmospheric pressure and is free to rise and
fall.

Unconformable. Not succeeding the underlying strata in
immediate order of age. Indicates a period of erosion
between the two depositional events.

Unconsolidated. Loose granular material, lacking
intergranular cement.

Water Table. The upper surface of the saturated zone.
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GEOLOGIC-AGE CHART

ok | e e
Quaternary H.olocene 0.010
Pleistocene 2
Pliocene 5
Cenozoic Miocene 24
Tertiary Oligocene 38
Eocene 55
Paleocene 63
Cretaceous 138
Mesozoic Jurassic 205
Triassic ~240
Permian 290
Pennsylvanian ~330
Mississippian 360
Paleozoic Devonian 410
Silurian 435
Ordovician 500
Cambrian 1570

Rocks older than 570 million years are termed Precambrian.

U.S. Geological Survey, Geologic Names Committee, 1983
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