GEOLOGY AND GROUND-WATER RESOURCES IN THE VICINITY
OF THE AIR FORCE BASE IN ELEUTHERA

INTRODUCTION

G&uggugh!

Eleuthera, one of the main islands of the Bahama group, is about
70 miles east of Hassau, New Providence, and about 250 miles east of
Mjami, Florida. (See fig. 1, Part 1.) It forms part of the eastern
fringe of the Great Bahama Bank. The island is long, narrow, and
elongate from morthwest to southeast. The north half of Eleuthera
is extremely narrow--exceeding 1 mile in width in only a few
places and diminishing to less than one-half mile in some places.
The island expands to a width of about 10 miles near the extreme
southern tip. The Alr Force Base is on the northeast coast of
Eleuthera, approximately midway between Governors Harbour to the
southeast and James Cistern to the morthwest. (See fig. 1.)

Climate

Eleuthera has a subtropical climate; sharp changes in temperature
are rare. The average range in temperature during summer months is be=
tween 799 F. and £3° F., and the average range during winter months
is from 69° F. to 74° F. Humidiry is usually high.

Large variations in rainfall are noted from month to month and
from yeaz to year. In general, houever, the heaviest rainfall
oecurs from June through October. Rainfall during these months is
extremely spotty, occurring usually in short, localized showers.
puring winter months cold fronts moving from the northwest are
tempered after crossing the open ocean but occasionally produce
general rainfall in Eleuthera and the northern Bahamas. The dis-
tribution of rainfall at the auxiliary airbase weather station
on Eleuthera is showm in table 1. Also included are figures for
average monthly rainfall at Dunmoretowm, in Harbour Island (northern
Eleuthera), and Nassau.

The prevailing winds are from the east and southeast. Winds are
strongest and steadlest during winter and spring and decrease in
force dusing late suvumer and early fall, Eleuthera lies in the path
of frequent hurricanes which move northwestward or northward
during sumser and early fall.

ggggggnggg and Drainage

The owtstanding topographic feature in Eleuthera ie the high
limestone ridge that runs lengthwise along the center of the island.
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ih- limestone ridge is the oldest ridge on the island and was probably
ormed, during a period of emergence in Plelstocene time, by cementa-

tion of each sand previously deposited at a time wh
0 en sea l
somewhat higher than at present. e

The ridge attains altitudes of more than 100 feet above sea
level in some places. As a result of solution and mechanical
erosion the ridge 1s irregular in profile and outline, being marked
by numerous depressions formed by the collapse of the surface be-
cause of underground solutiom by ground water. The ridge slopes
off rapidly on the leeward or soutiwest side and terminates
in low cliffs at the shallow oce:zn edge. Large beaches are formed
only in protected embayments or rsentrants,

On the windward or northeast side of Eleuthera a series of Tanges
of sand dunes occupy the area Setwesn the high limestone ridge
énd the beach. The dunes range in height from 10 to more than 60
feet above ocean level., They are elonpate parallel to the shore
and are composed of loose or partially cemented sand. These dune
ridges are younger than the high limestone ridge in the center of
the island. Their formation resulted from a repetition of the
processes involved in the deposition of the higher ridge, but
their composition indicates that they were formed of materials
obtained fromteaches along the eastern shore. ‘

The valleys between the young sand dunes and between the dunes
and the prominent ridge are generally low, having altitudes ranging
from about sea level to more than 20 feet above sea level, The
lower valleys are usually occupied by salt-water lakes or sloughs
in which the water levels fluctuate in response to ocean tides,

Beaches are narrow but nearly continuous along the windward .
side of Eleuthera. They end abruptly at a wave-cut bench which
in most places is at the base of a sandy beach ridge. In a few
small areas on the windward side, just north of James Cistern,
the high limestone ridge extends to the ocean and forms cliffs 60
to 70 feet high., These cliffz are composed of hard colitic lime-
stone and are resistant to erosion. Uave-cut notches in these
cliffs are about 7 or 8 feet above ocean level. They are
apparently at the same altitude as the limestone surfaces that
form the low cliffs on the leeward side of the island and may be
equivalent in age to the Silver Bluff shoreline in coastal Miami.
An outstanding feature noted in these high bluffs is the occurrence,
at various altitudes, of thin zones of red, iron-stained materials.
These zones are composed of residual deposits concentrated by the
solution and removal of calcium carbonate by percolating ground
water, .

The drainage of the area is underground, through solution
channels and permeable sands, No surface streams exist, and
little or no surface runoff occurs. The rate of subsurface

eSS T 0 W




drainage differs according to the type of subsurface materials.
The drainage is very rapid through the openings and sinkholes in
the limestone, but it is relatively slow through the sand. After
periods of heavy rainfall a few of the low sand-filled valleys
become flooded and may remaln swampy for 2 or 3 months.

GEOLOGY RELATED TO GROUND WATER

Surface materials on Eleuthera are chiefly ocolitic limestone
and calcareous, oclitic sand of Pleistocene and Recent age. The
relatively hard colitic lizestone forming the high ridge is pro-
bably of Pleistocene age and, as previcusly stated, is the oldest
exposed material on the island. The rounded dunes that form beach
ridges flanking the ocean on the northeast shore are composed of
windblown colitie sand mixed with rounded shell fragments. These
dunes are late Pleistocene or, in part, Recent in age. Test wells
in the vicinity of the base were drilled in depressions, usually in
sandy areas. The thickness of the sands penetrated by these wells
ranged from 1 foot to more than 20 feet. The eallan sands are

underlain by limestones that are probably of marine origin and
Pleistocene to Recent age.

Limestone Areas

The high, conspicuous ridge in the center of the island and the
cliffs ending abruptly on the leeward side of the island are composed
of gray and tan colitic limestone. The limestone is the predominant
surface material in the vicinity of the base and in most of the area
between the ridge and the southwest coast.

The thin outer shell of the exposed limestone is usually a
layer of casehardened colitic limestome formed by alternate wetting
and drying of surface materials which causes the calcium carbonate
to be dissolved and redeposited in the pore spaces in the lime-
stone., The corrosive effect of the solution of limestone by
rainfall and percolating ground water is evident at the surface
as well as at depth in the limestone areas. The ouyter surface
of the limestone is extremely jagged and is marked by numerous
shallow, rounded-out weathering pits from which calcareous material
has been dissolved. This effect is noted inland, at relatively high
altitudes, as well as on the coast where the rock 1s subject to
erosion by wave actiom.

sinkholes and crevices ranging in size from small openings to
holes 75 feet in diameter develop as a result of underground solu-
tion and the collapse of the overlylng rock. Shallow sinks may be
partially filled with sandy or marly organic golls which support .
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vegetation. A series of intersecting sinkholes forms a wide de-
pression that can catch and store rainfall, under certain con-
ditions. The largest such sink in the area, James Cistern, is

75 feet in diameter and B5 feet deep and has subsurface connection
with the ocean. This type of solution-riddled limestone furthers
rapid infiltration of reinfall to the water table and speeds under-
ground drainage.

As noted in fresh, unweathered road cuts, the limestone forming
the ridge is relatively soft and friable below the casehardened sur-
face and shows a type of crossbedding associated with dune deposits.
It 18 composed almost entirely of partially cemeated colites, along
with a minor amount of well-rounded shell fragneats. The sorting
is falr to gocd, and the grain sizes range from medium to coarse,
medium size pradominating. Test holes reveal that marine limestone,
composed chiefly cf coarse- and medium-textured, beach-worn shell
fragments, underlies younger dune sands at about sea level or
slightly below sea level. The permeability of the marine limestone
ranges from moderate to high, deperding upon the amount of calcium
carbonate cement in the interstices. In general, however, the
permeability increases with depth.

Sandy Beach Ridges

Uncensolidated calcarecus sand in the form of elongated sand
dunes covers most of the area along the northeast coast, between
the beach and the high limestone ridge. (See fig. 1.) These sand
dunes are younger than the indurated, higher limastone ridge. The
sand is medium to coarse, well sorted, and composed of rounded
shell fragments and colites,

The thickness of the sand and the altitude of the base of the
sand are controlled by the altitude of the old, eroded surface of the
underlying limestone. In areas wherc the altitude of the base of the
Band is 5 fect or more above mean low water (mlw), the sand appears
to lie unconformably on the eolian limestone that forms the ridge.
The contact is marked, in most places, by the presence of a hard
layer of iron-steined, casehardened caprock. Well 3, near the
base of the high ridge (fig. 1), penetrated 2 feet of brown sand
overlying marine oolitic, rust-stained limestone. The top of the
limestone is about 5 feet above mlw. This suggests that the high
ridge sediments lie unconformably on older marine limestones,

About 3,000 feet to the southeast of well 3, in well 13, a
similar thin layer of casehardened limestone was penetrated at gn
altitude of 4.5 feet above mlw. This layer is overlain by 10 feet
of unconsclidated coarse to medium sand, similar to the dune
sands, and is underlain by marine limestone to a depth of 6.5
feet belov mlw. The marine limestone is crossbedded, ocolitic, and
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highly coquinoid, indicating a beach or offshore-bar environment of
déposition. Well 13 was completed with 10 Zeet c¢f casing and 10.8
feet of open hole. Ns caving occurred below the casehsrdened layer
during drilling. Other test wells in the valiev, welis 1, 2, &, 3,
and 6 (fig. 1), penetrated soft, caving, peorly sorted colitic sand
and marl of low to moderate permeability. Ocrzens ere required to
complete wells in this material. Figure 1 shows the locations of test
wells in the sandy ridge areas.

GROUND WATER

Ground-water supplies in Eleuthera occur in two general types of
nonartesian aquifers, as follows: (1) open-textured limestones of high
permeability underlying the old dune ridge and (2) loose or partially
cemented sand of low or moderate permaability underlying the beach
ridges. The lithology of the aquifer and the conditions of occurrence
of the ground water have important bearing on the quantity and quality
of the water available at any given place.

Hydrologic Properties of the Limestone Agquifer

The open-textured limestones ere the oldest exposed materials on
Eleuthera. These limestones have been subjected to different periods
of solution and erosion (by percolating ground water) that have
produced an underground metwork of vertical and horizontal cavities
ranging in size from minute openings to caverns or sinkholes 75 feet
or more in dismeter. Such an arrangement of intercomnected openings
in the limestone results in cxtremely high permeability; thus, ground
water is free to move in all directions in the aquifer. Also, this
type of solution in limestone causes a decrease in the amount of fresh
water that the aquifer is able to retsin in storage. Little or no
fresh-water head is maintained in the aquifer throughout the year,
and ocean water is free to move inland through the openings to
contaminate most of the ground water in the highly permeable limestones

{in the vicinity of the base.

The concentration of chloride ranged from 1,200 ppm to more than
5,000 ppm in samples taken at the water table in test wells penetrating
the limestone aquifer. These high chlorice concentrations indicate
that after rainfell infilrrates to the water table it moves rapidly
toward the ocean, owing to the high permcapiiity of the limestones,
or is soon mixed with the underlying salty water.

Near James Cistern, 6 miles north of the base, moderate quantities
of potable ground water are available in the highly permesble limestone
aquifer. James Cistern is a natural sinkhole that was formed from
underground solution by percolating ground water and the collapse of
overlying rock. The cistern is 75 feet in diameter and has nearly
vertical sides. The bottom of the hole is approximately 75 feet below
sea level, indicating that the level of the ocean during Pleistocene
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time was much lower tham it is now. Underground solution was active
throughout & large aces, as the sink is in the center of a large
depression about throe-quarters of a mile in dismeter. The area is a
natural hesin which receives large quantities ¢f recharge by rainfall,
The fresah-wate: zone (walch assumes the form of a lens resting on
heavier sal<> wiatar) ie thickest in the cinkhele. The thickness of
the lens var’es throupboct the year and from yaar to yesr--depending
upon the amount of rainfall in the Lmmecdiate area, the rate of evaporation
of grouvnd watar, the netvral lesses by svbsurface cutflow, with-
drawals by purping, and loscas rasulting from the diffusion of fresh
water inte salt water, The latersl gstont of the fresh-water zone is
not definitely knowu, but it muy ba considersble.

No teast weils were drilled meer Jamss Cistern. At the end of
January 1954, wnter fron narfve supply wells that were 2,000 feet
from the cistcrn and about 250 feat fivoxm the ocean contained 600 ppm
of chloride or morve, ludicating contimlnstion from sea wvater. These
were shiallow dug wells that peznetrated about 2 or 3 feet below the
water table. The wells probably penetrated the extreme edge of the
fresh-wacer lens, They wera dug iuto llmestcoues of low to moderate
permeability thnt hevs the sbility to hold conslderable fresh water
in storage. During Janvary 1954, &.61 inchcs of rain fell at the Alr
Base Weather Station and a nestvlv equal cmount probably fell in the
James Cistern area. This 1s abeove the ncrwal reinfall for January
and may be the reston for the moderate chloride cconteat of the water
in the shallow pative wells near the ocecan. Under normal rainfall
conditions these gpround-weter suppliss probably have a higher chloride
content at this time of year, and cne that would continue to increase
until the maior rains occurred inm June through October.

Availaebility of Fresh Ground Water

In early August 1954 water samples were collected at various
depths beiow the water surfice in James Clatern, to determine the
thickness of the fresh-water zone at its center. Similar semples were
taken in mid-January 1955 end October 1955. A compariscn of the
chloride content of all semples is shown in table 2.

Analyses of the August samples show that the fresh-water lens
was about 12 feet thick in Jemes Cistern. The total rainfall recorded
at the baze from Jenuery through July 1954 was 34.91 inches. Analyses
of the Jenvary semples indicats that the fresh-water lems had ghrunk
to less than 8 feet in taickness, owing to the fact that there was
enly 19.75 iuchse of rainfall from August 1954 to January 1555, The
analyses of the Ccltober semples Ladicate a marked thickening of the
frach-water lens batween Jenuary and Dotobexr 1955, In teble 2, the
concentration of chioride In the October samplen showed en increase
from 245 to 520 ppa at a deoth Letween 30 and 36 feet below the water
surface. The larga increase in thickness of the fresh-water zone is
due to a series of heavy rains that occurred a few days before the

~ samples were collected.
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The fresh-water salt-water contact in James Cistern apparently
responds rapidly to lazge increase of fresh-water storage in the
aquifer. When large increases in recharge occur the contact 1s
quickly depressed. The subsequent upward moverant of the contact can
occur no faster than tha rate at which frech vater is discharged from
the lens. Therefore, the period of time required for the contact to
recover to its original position will bo considerably greater than
the time pecessary to depress the contact.

James Cistern is the source of water supply for the Aviation
Engineer Unit. Daily withdrawals of 15,000 to 20,000 gallons started
in March 1954 and were continued thrcushout 1955. Water was pumped
from the upper 2 feet of the fresh-water zcme at a rate not exceeding
20 gpm. The reletively slow rate of pumping caused no measureable
drawdowvm in the water table and, thus, winimized the danger of upward
flow from the salty, deeper parts of the aquifer.

Figure 2 shows two curves which indicate the difference in the
drawdovn patterns of tae water table when a well is pumped at high
and low rates, under the assumed conditions of transmissibility and
storage coefficient drawn. Under each condition, 12,000 gallons is
pumped from storage, Curve A represents the drawdown at various
distances (r, rad'us) from a well pumped for (00 minutes at the rate
of 20 gpm. Curve B represents the drawdown after the well had been
pumped for 60 minutes at a rate of 200 gym. These curves are plotted
by using an assumed coefficient of tvanswissibility of 100,000 gpd/fc
and an assumed coefficient of storage of 0.2. No pumping Cests were
performed in thls area, and it is exphasized that the coefficient
of transmissibility of the aquifer in the James Cistern area may be
(and probably is) much higher than 100,000 gpd/ft. The significance
of figure 2, however, is that it emphasizes the difference in the
drawdown patterns that result from low and high rates of pumping.

The sketches in figure 3 were drawn in conjunction with the
drawdown curves and show the theoretical direction of ground-water
flow under the pumplng conditioms illustrated in figure 2. The sketches
are not drawn to scale. Under light pumping (fig. 3=), the water
table is cepressed a small amount but rewains sbove sea level. The
salt-water contact rises slightly in the acrea affected by pumping,
but the ground-water flow toward the pumping area is all from the
fresh-water zone. When pumping stops, the water table will rise to
essentially the prepumping level, eand the salt-water contact will be
depressed to its original form., When the well is pumped at a high
rate, however, the water in the vicinity of the well declines rapidly
to a point below sea level, thus permitting the steep coning effect
of the salt-water contact (fig. 3b). The ground-water flow pattern
18 upward from the salty zone as well as radial from the fresh-water
zone. These sketches may be applied to the James Cistern area as well
as to other fresh-water areas in Eleuthera.

32



*fuydend jo saira ydyy pur mo] woay
fuji(nEal SUMOpABRIp U Sadualaylyfp Fugmoyes ydean 7 aandyg

0Z2'0=5
'
‘+4/pdb ooo0'ool=1
MOILTYNY 14X 3
| ol
\
L}
B hw.ﬂ.ﬂ
e 3
P | J
£ .m i -
. . —an : .f..u
= .

- u&\ uﬁum
A 1ee

20
v
” : f——aF_|0%
~ —taw] oee | @
JE— &
G001 \Alm._\ — 0% _OF  OF z ]
{4)  7M3m  03dNNd WOH4 ' 1334 NI ' IONVISIO




LB R R R R ey R s
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BEFORE DURTNG
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LAND SURFACE
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WATER DUBING I N s L e e UL DEFORE PUMPING

HIGH FUMFING RATE
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LAaND SURFACE
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©. BEFORE PUMPING

‘Echmuc. disgrems showing directions of Eround-
im:i.n.; pumping of a well and the conditions



Hydrologic Properties of the Sandy
Ag:ifer 'Indey the Feact Floges

The beach ridzes alaong the norchezst coast are composed of
unconsolidated or »iizhtir consclideted medium to coarse sand of
moderate permsavility. Thzy overlie eroded svrfaces of the old lime-
stone tidpe at an altivuda of shout 5 rest cbove mlw, or old marine
limestones at lower altltudes. 1n srcas woere chey overlie the
highly permesble lim=aione ok the ridye the sands do not yield much
fresh water--mpperontly secause rainfall that infiltrates to the
underlying rock Jiffuses with the solt water at the water table or
moves Tepldly to tne ocean.

In areas suck as the Symonstte well field and the adiacent valley
to the scvtheast (fig. 1), the beach vidge overlies marine limastones
at altiiudes lower than 5 feer above miw. [he marine limestones are
of moderatsa parmeabliicy, chay are mcre heterugenecus than the younger,
windblown meterisi forming the ridze, end, in places, they grade into
marls of low perweapility. These factors tend to retard the vertical
and lateral muvencent of ground water; thus, fresh woter recharged in
the area rewairs in storage longer than it docs in aress having highly
permeabie ayuifers.

pata from exploratory drilling and test pumping show that the
water-bearing matoriaiz ave monunifoym and that their permeability
differs from nlacs te place. Wali 1, 11 feet deep, was pumped at a
rate of B gpm, anl after 10 meuuies pumping the measured drawdown in
the water level was 1,5 feet. The purning rate was controlled by a
valve, and it was estimated thst tha output capacity of the well at
this depth was about 15 gpm. After the wall was deepened to 13 feet a
screened sandpolint was driven to the bottom acd the well was pumped
again. At this depcth the maximum culput Was 2 gpm. This reduction in
yield might bave yoen caused by head losses through the sandpoint,
but it could bz an indication of poor hydravlic comnection within the
aquifer. During a similar test on well 13 it was determined that the
maximum pumping rate at a depth of 16 feet (& feat of open hole) was
2.5 gpm, but waen the weil was completed &t a depth of 20.8 feet, the
maximur capacity was about 13 gpam. Maximen punping rates at various
depths im ocher test wells in the valley ranged from 1 gpm to 10 gpm,

but the average was aboul 2 gpm.

Pumping tests of short duratlon were run on selected wells in
the Symonette field and on weli 13, in an attempt Lo determine the
approximate cosfficients cf transmissibility and storage for the
aquifer, A recording page ipsteiled on well 14 recorded the draw=
dowr in water lavel causcd by praping well Z1 at 5 gpm. (See fig. &
for l:cations.) Weile 13 and 21 nre 23 feet apart. The earliest
effect of puuplng wos noted 15 minutes after pucping begen, and the
total drewdswm in woll 14 atter 73 minutes was U.0L5 Zoot.
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\ A second test was made by measuring the drawdown in water level
in well 13, while it wan being pumped at a rate of 6 gpm, and then

measuring the rate of water-level resovery after pumping stopped. A
total drawdown of 2.2 feet was meesured after 2 hours pumping.

After the weter-level dsta were analyred, it became evident that
they were not accurete encugh to permit satisfactory evaluations of the
aquifer coefricients, becsuse the tests were very short and the
pumping ratss were not conmstant. However, the coefficient of trans-
missibility probably is considerably less than 20,000 gpd/ft.

Figure 5 shows the thecretical configurations of the cones of
depression that might be developed in the sandy aquifer under different
pumping rates. It is essumed that 20,000 gellons of water is with-
drawn from storage and thet the aguifer coefficients are T = 20,000
gpd/ft and 5 = 0.20. Tae cone b develsped by pumping at the rate
of 200 gpm for 10) winutes, ia 523? times deeper than that developed
by pumping at thka vate of 20 gpm for 1,000 minutes {cone A). Lines
indicating the dire~tion oi ground-water flew would be essentlally
the same as thuse ehown previouely in figure 3, and a similar type
of upward coning of the salt-woter contact wouid develop.

Availability of Fresh Ground Water

The Symonette well field (see fig. 4), with the adjoining wvalley,
is the only area in the vicinity of tke alr base in which a significant
quantity of relatively fresh water 15 available. At the time of test
drilling (August 1954) the mexiruz thickuiess of the fresh-water zone
in the well-field area was about 10 feet. It was of about the same
thickness in the adjoiping valley, to the southeast, except in a few
small areas where it was thinner. In well 13, near the southeast
terminus of the valley, the zone was wore than 9 feet thick. This
well did not completely penetrate the fresh-water lens, as a sample
of water from the bottom of the well (20.8 feet) contained only
150 ppm of chloride. The entire lemgth of the valley, from the well
field to well 13, is believed to be underlain by a fresh-water zone

of irregular thickness.

During January 1955 several of the test wells and existing wells
in the Symonette area were pumped at low rates to determine the draw-
downs, and water sawples were taken to detect any changes in the
chloride content cf the water during pumping. Well 21 was pumped
for 5k hours at the rate of 7 gpm, end duriug the period of pumping
the chloride content of the water increased from 140 ppm te 330 ppm.
It is believed, therefore, that & pumping rate of 7 gpm is too high
for this wall., The bottom of the well is at an altitude of 3 feet
below mlw, and the weil field Ls uesr the northera fringe of the
fresh-water ienz. If the rate of rumping were ‘owered to 3 gpm, the
increase in the chlorinity of the watar would be siight, as indicated
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Figure 5. Theoretical drawdowne developed in sandy aquifer
under different pumping rates.
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chloride content was 5C jpm). Weil 23 is 0.5 foot shallower (in
reference to miw datur) than well 21.

Well &, southeast of the well field, was pumped for 6% hours
at the ratz cf 5 7pm. The drawdown was 1.7 feet. The chloride
content of tha water from this well was gauerally higher than that
from the well fisid, pad it incressed from 320 pym to about 380 ppm
during the pumping. 7The battum of the screen in well 4 1s 3 feet
below mlw datum. Thz bottom of tha cercen in well 5 18 3.5 feet
below mlw, in metericl of low permeobility. When well 5 was pumped
at a maximum ratz cf 1 gpm, it yielded water containing 210 ppm of
chloride. When driiled, this well yielded water containing 130 ppm
chloride at 1 foot belowr miw catum, 150 ppm at 3 feet below mlw, and
680 ppm at 7 feet below mlw.

Analyses were msde of several samples of water from well 13, near
the south end of ths vailey, tc determine the chloride concentrations
at various depths throughout the cpen-hole section of the well. The
following table shows the changes in chloride concentration with depth.

Depth, (feet Chloride

referred to mlw) concentrations (ppm)

2.1 {water surface) 170
fL.1 170
0 170
1 220
-k 280
1

1

by the chloride content of water pumned from well 20 (well 20 was

pumped at 5 gnm for & hours, during which time the increase in
s
E

420
550
-5.1 260

Well 13 was drilled to a depth of 6.2 feet below mlw, and at
the time of drilling (August 1954) the water from the bottom of the
well contained about 150 ppm of chloride. During January 1955 water
was puzped.from a depth of 2 feet below mlw, at the rate of 6 gpm
for J houts, and the chleride content increased from 170 ppm to
210 ppm. The total drawdown in water level during pumping was 2.2 feat.

The width of the fresh-water zone depends, in part, on the width
of the valley. The waliey is about 1,000 feet wide in the vicinity
of the well field, but fazther o the scutheast, near well 13, the
valley is less then 500 feet wide. The eantice width of the velley,
hewever, is mot underlain by fresh water. Weil 3, 400 feet from the
base of tha limestone ridga, pemctrated water cf high chloride content
at the water tuble. Tt is essumec, therefore, that tac entire length
of the linastone ridge ip this area 15 underlain by salty water, and
the total area underiain by fresh water is cozsiderebly less than the
total area of the valley. If the average coefficient of storage of
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the aquifer were 0.20 end the average thickness of the fresh-water
zone were 6 feet in August 1954, the total volume of fresh water under-
lying the valley (4,000 feet by 300 feet) at the time of tast deilling
was about 10 million gallons. The average ground-water level inm the

area at that time was 3.0 feet above mlw, which was probably above the
average for that time of year.

Only a part of the above-estimated volume of water was available
for use. A large part was subject to loss by evaporation and trans-

piration, and another part to loss as a result of natural outflow
from the aquifer to the ocean.

By January 1955 the water table had declined to an average
altitude of 2 feet above mlw, and by mid-March, after a period of
drought, it had declined to an estimated average of 1 foot to 1.5
feet above mlw. Because of the low-water couditions, the greatest
thickness of the fresh-water zone im March was estimated to be about
4 feet. The reduction of thickness at the center of the.lens was
accompanied by a large areal reduction in the size of the lens; thus,
the total fresh ground water in storage in the area probably was
reduced to conslderably less than half the gquantity that was in
storage at the time of drilling.

The average yearly rainfall in Eleuthera is about &40 inches,.
The quantity of water that infiltrates to the water table depends,
to a large extent, upon the intensity of rainfall in the area. Light
rains of short duration--which are very common in Eleuthera--contribute
little to ground-water storage becsuse of losses by evaporation and
transpiration. Moderate or heavy rainfall over a substantial pericd
is necessary for appreciable addictions to ground-water storage.
Applying similar proporticnate estimates as those used by Parker
(1955, p. 231) for southeastern Florida, approximately 20 inches of
rainfall (15 million gallons) may infiltrate to the water table yearly
in the Symonette area. Because winds are persistently fresh through-
out much of the year, because the water table beneath the valley is
nearly everywhere within 10 feet of the land surface, and because
the vegetation is dense, it is estimated that something like three-
quarters of the recharge (11 million gallons) is lost by evapotrans-
piration. The remaining 5 inches of recharge (4 million gallons)
is discharged by ground-water outflow. Thus the daily losses frem
the fresh-water zone of the aquifer would be about 30,000 gallons by
evapotranspiration and about 10,000 gallons by outflow. 2

The amourit of fresh water available frowm ground water in this
valley is the amount of the natural discharge that can be salvaged.
Obviously, appreciable quantities of fresh ground water can be
recoverad from the area if withdrawals are made immediately following
heavy rainfall. Analyses of water samples from walls 4, 13, and 14,
collected nesr the end of March 1957, showed chloride concentratioms
of 650 ppm, 505 ppm, end 485 ppm respectively. These analyses indicate
that during relatively dry years little or no ground water of
acceptable quality would be available.
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Water=Level Fluctuations

In the Symonette well-field area and the adjolning valley, the
water table fluctuates entirely within sand or partially cemented
limestone of low or moderate permeability. These fluctuations are
due chiefly te influence by ocean tides, to rainfall in the area, and
to evaporation and tremspiration. In most cases, however, the water-

level changes due to evapotranspiration are masked by the influence
of tides.

Figure 6 15 a series of hydrograephs showing the difference in
the magnitude of water-table fluctuations in the highly permeable
limestone aquifer (well 9), and the slightly to moderately permeable
aquifer underlying the sandy beach ridges (wells 13 and 14). These
fluctuations are compared with tidal fluctuations on the northeast
coast. The magnitude of the fluctuations in well 9 is nearly equal
to that of the tide; the fluctuations in well 14 are about cne-fifth
the magnitude of the tide; and those in well 13 are less than one-
tenth those of tha tide, indicating the progressively poorer connection
between the ocean and each of the 3 wells. The hydrographs, in a
general way, indicate the relative capacity of the aquifers to transmit
water. Also, they suggest that where the magnitude of fluctuation
{s small the hydraulic conmection with the ocean is poor. In areas
whaere the hydraulic connection is poor, ground-water recharge is held
in storage longer than it is where the connection is good.

Figure 6 shows alsoc the considerable laeg in time of peaks and
troughs of the ground-water fluctuations as compared with the tidal
highs and lows. Although wells 13 and 14 are close to the ocean, the
ground-water highs and lows occur from 2 to 3 hours later than the
tidal highs and lows.

The aquifer in the valley near the Symonette well field has a
greater capacity to store recharge water than the highly permeable
aquifer, retains a relatively high ground-water head throughout the
year, and, thus, preserves gome fresh water in the upper part of the
saturated zone throughout the year. Throughout the period of record,
as shown in figure 6, the mean tide level was about 1.4 feet above
mlw datum and the average ground-water levels were 1.8 feet in
well 9, 2.4 feet in well 14, and 2.3 feet in well 13. If equal
quantities of recharge had been received in each of the areas, the
resulting rise of the water table in well 9 would have been small
as compared to the rise in well 13 or 14.

Figure 7 shows hydrographs which compare the magnitude of water-
level Fluctustions in wells 19 and 21 through & single tide cycle.
well 21 is a little farther from the ocesn than well 19, and the
fluctuations in well 21 are smaller than those in well 19. The
magnitude of the ocean tide during this cycle was 0.9 foot. The
hydrograph indicates an apparent reversal in water-table gradient
betwaen low tide and high tide. At 1:00 p.m. (low), the gradient
between the 2 wells wae 0.02 foot seawsrd and at 5:30 p.m. (high),
the gradient was 0.04 foot inland.
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From a series of water-level measurements made in the well field
on January l4-15, 1955, contour maps were drawm (figs. 8, 9, and 10),
at high, low, and average tide levels, respectively. The contours
indicate the shape and slope of the water table and its altitude
above mlw datum. At low tide the ground water is highest in the
vicinity of the well field and the water table slopes toward the
beach. At average tide level the water table slopes toward the beach
but the gradient is less than at low tide. At high tide the gradient
of the water table is reversed, assuming a very slight inland gradient.
The contour lines are interpolated for the area between the well
field and the ocean and are, therefore, approximate.

Quality of Water

In mid-January 1955 threa ground-water namples were collected
from the Symonette well field and the adjoining valley for complete

chemical analyses. The principal chemical constituents contained
in these samples are listed inm table 3.

The water is of the bicarbonate type and has a hardness of more
than 300 ppm as CaCO3. Much of the total hardness is due to calcium
bicarbonate, which can be reduced by relatively simple treatment.

The concentration of chloride in the water samples ranged from
215 to 406 ppm. The analyses in table 3 indicate that water in the
vicinity of well 13 had the lowest chloride content in the area. The
overall quality of water from well 13 also is superior to that in
the vicinity of the well field. The quality of the water changes
throughout the year, however, the water of lowest dissolved-solids
content being available during periods of high water levels.

The determinations for pH in the analyses indicate an alkaline
type of water, but they may not represent the true pH of the water
because several weeks elapsed between the time of collection and the
time of analysis. However, because of the relatively high alkalinity
of the ssmples, they probably underwent only very small changes in pH.
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Figure 10. Map showing water-table contours in the Symonette well field and
adjacent areas at average tide, January 14-15, 1955.



Table 3.--Analyses of water from selected wells in Eleuthera,
(All results are in ppm except those for color, pH

Silica (5105)
Iron (Fe) 1/
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Carbonate (CO4)
Blicarbonate {:{ma)
Sulfate (50.)
Chloride (C1)
Fluoride (F)
Nitrate (NOq)
Dissolved solids
Hardness as CaClq
Color
pH
Specific conductance
(micromhos at 259C)
Date of collection

2

Well &

7.4
01
74
46
58
6.7
0

308
107
406

.8
5

1,130

3

74

7.8

1/ 1In solution at time of analysis,

and specific ccnductance)

Well 13  Well 21
17 19
.01 .01
77 92
27 41
122 226
1.2 6.8
0 0
307 398
35 47
215 382
A .2
.7 .5
692 1,180
303 398
3 6
7.5 7.4
1,210 1,900
1-19-55 1-16-55
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