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OCCURRENCE AND DEVELOPMENT OF WATER RESOURCES
IN THE BAHAMA ISLANDS

David L. Tarbox
Seaburn and Robertson, Inc.
Orlando, Florida 32803

ABSTRACT

The population of the Bahama Islands
relies almost exclusively on groundwater for
its freshwater supply. The amount of
precipitation available for groundwater
recharge varies from year to year and from
north to south across the islands. The size

of the individual islands also influences the
amount of rainfall. More than 75% of the
precipitation is evapotranspirated, and
extended droughts lasting more than three

years have been known to occur.

Runoff, however, is limited due to the
permeable karst terrane, and infiltrating
freshwater will form a Ghyben-Herzberg lens
floating on the denser, underlying saltwater.
Uniform, fine grained sediments are con-
ducive to stable lens formation, but they will
yield only limited amounts of water. Aquifers
with extensive solution channels will yield
large quantities of water but may have thick
mixing zones. In areas where the depth to
the water table is deep, good lens formation
is encouraged because the infiltrating water
is not intercepted and evapotranspirated, and
the longer flow path will result in slower
but more continuous recharge.

Large diameter, widely spaced wells or
trenches pumped at low rates are less likely
to cause upconing than are small diameter,
deep wells. Safe yields may be estimsted by
considering withdrawal as a reduction in
recharge. Pollution from domestic sewage,
chemicals, leaking tanks, hazardous wastes,
and stormwater runoff is an increasing
problem and needs to be controlled.

INTRODUCTION

Freshwater in the Bahamas is derived
from three main sources. Some is collected
from rooftops and artificially constructed
catchments on the land surface, and some is
produced by desalinization of brackish or
seawater. The greatest volume, however, is

extracted from lenses of freshwater that

139

occur below the ground’s surface. The
quantity (Lloyd, 1980) and quality of water
in the lenses is dependent on the amount

and distribution of the rainfall, the amount
of this precipitation that percolates down to

the water table, the hydrogeologic charac-
teristics of the the aquifer, and the impacts
of withdrawal and pollution by human
activity.

CLIMATE

The climate of the Bahamas is generally
classified as marine subtropical with warm,
wet summers from May to October and dry,
cooler winters from November to April. The
amount of rainfall varies widely from year to

year, and from north to south along the
length of the archipelago. Rainfall also
varies from island to island at the similar
latitudes, and even between different
locations on the same island.

The large, northern islands, which are
influenced by weather systems moving off

the continental North America, have average
annual rainfalls on the order of 50 to 60
inches (1200 to 1500 mm) per year (Little
and others, 1977). The smaller southern is-
lands, in contrast, average as little as 25 to
38 inches (640 to 1000 mm). These averages
can be greatly distorted if slow moving hur-

ricanes or tropical depressions reach the
islands; or when prolonged periods of dry
weather occur. At the U.S. Air Force Base

on San Salvador, for example, the average
annual rainfall from 1948 to 1954 was 34.57
inches (878 mm) (US.GS. 1958). In 1954
however, 1594 inches (405 mm) of rainfall
fell in October alone and raised the annual
average to 53.43 inches (1357 mm). At the
other extreme, droughts having less than
two-thirds of the average rainfall and lasting
for at least three successive years have been
known to occur (Mather, 1975).

Local variations in precipitation can also
be the result of the sizes of the islands.
Islands with large east-west dimensions are
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big enough to generate their own weather.

The warming of the land mass can cause
moist air to rise high enough to condense
and fall as rain. The small or long, thin

islands often do not have enough land mass

to develop significant convection cells. Cat
Island, for example, receives about 15% less
rainfall than Andros on about the same

latitude line. Sometimes, even if the air does
rise high enough to condense, the cloud may
have moved off the lee shore of the island
before it begins to rain.

The precipitation that reaches the island
may run off to the sea, infiltrate into the
ground, or return to the atmosphere by
evapotranspiration. The intermittent nature
of many of the rain showers and the warm,
sunny climate of the Bahamas causes the
majority of the precipitation to follow this
latter course. In fact, it has been estimsted
(Little and others, 1977) that more than 75%
of the annual precipitation that falls on the
islands returns to the atmosphere by
evaporation and evapotranspiration.

The amount of runoff, by comparison, is
extremely limited. The permeable nature of
the soils, sediments, and rocks precludes the
development of any major streams or rivers.

Only in places where residential or commer-
cial developments near the shore have
resulted in large areas being covered by

pavement or buildings, for example downtown
Nassau or Freeport, is runoff significant.

GROUNDWATER

The remainder
infiltrates to

of the precipitation
recharge the groundwater. The
fate of the infiltrating water is largely
controlled by the permeability of the
sediments and rocks.

Fresh Water Lens

All of the islands are underlain at some
depth by saltwater with approximately the
same salinity as the surrounding ocean.
Freshwater is less dense than sea water
(1.08m/cm3). If the permeability of the
aquifer is very high, the freshwater will
simply spread out on the saltwater as an
infinitely thin layer or mix with it to form a
brackish zone as it does in the open sea. If

the rocks and sediments offer some resis-
tance to the water’s movement, however, the
freshwater will displace the saltwater and

¢
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body known

In order to
the pressure

be equal

form a lens-shaped
Ghyben-Herzberg lens.
hydrostatic equilibrium,
by the freshwater must
pressure exerted by the saltwater. In a
uniform, porous medium, the depth of the
saltwater/freshwater interface below sea
level will be equal to about 40 times the
height of the water table above ses level
measured in the same vertical  plane.
Although the lens shape may remain
constant, the water in the lens is not static.
Rather the amount of water being added to
the top of the lens by precipitation must be
equaled by the amount that flows out
through the discharge face along its edges
(Kohout, 1960).

as a

be in
exerted
to the

Aquifer Characteristics

The nature of the aquifer has a major
influence on the extent and stability of the
freshwater lens, the quality of the water,
and the potential for water resource
development. Sediments and rocks with
relatively low permeabilities may encourage
the formation of deep, stable lenses with
thin mixing zones. Such formations, however,
may have such low transmissivities that only
a limited amount of water can be extracted

without causing excessive drawdowns and
upconing. Rocks that have undergone
extensive  solutioning  resulting in  high

hydraulic conductivities, on the other hand,
may allow only limited lens development and

can have thick, brackish water zones. The
extensive buried ancient soil horizons and
karst terranes that were developed during
Pleistocene low sea level stands have high
horizontal transmissivities, but may be
separated from the saltwater 2zone below by
less permeable aquitards. In cases where

these horizons are extensive, large quantities
of good quality water may be extracted.

The size of an island and the distance of
a specific site from the sea can also
influence the size and shape of the fresh
water body and the quality of the water it
contains. Some smaller islands contain ideal
formations for lens development, but because
of the Ilimited surface area to receive
precipitation, and the proximity of the
shorelines, only small lenses can develop.
Near the middles of the larger islands,
however, even highly solutioned limerocks
with large open channels may still contain



thick lenses of freshwater with thin mixing
zones.

It is often noticed by people living and
working in the Bahamas (personal com-
munication) that some of the thickest fresh-
water lenses occur beneath the highest parts
of the islands, even in close proximity to
the sea (Kuntz, 1984). In the author’s
opinion, there are two main reasons for this
phenomenon. First, more water reaches the
water table in these areas because the
infiltrating precipitation can percolate past
the bottom of the root zone and will not
later be evapotranspirated by the plants or
be drawn by capillary action to the ground
surface where it can be evaporated. Similar-
ly, the water quality below the deep areas is

better because this lack of evapotranspir-
ation will prevent the concentration of salts
near the ground surface that could be

washed back by subsequent rains.

The second main reason for the greater
thickness of the lens is also a result of the
length of the flow paths the infiltrating
water must travel before reaching the water
table. During short duration rainfall events,
the wetting front may only progress a
relatively short distance into the ground
before all the water adheres to the dry
passage walls. The next event will then move
down on top of the previously infiltrated
water either pushing it down farther, or
passing between the wetted grains to a
deeper depth. This process will continue
following each event, until finally water
begins to reach the water table.

This delay between the rainfall events
and the arrival at the water table means
that the rate of recharge per unit of time is
reduced, but the duration over which
recharge occurs is extended. As a result of
this slower but steadier recharge, the
amount of fluctuation in the elevation of the
water table surface is reduced. Hence, the
height of the water table and, therefore, the
gradient between the points of recharge and

discharge will not be greatly increased
following each event so the rate of water
movement out from the lens will not be
accelerated. Similarly, the reduced amount of
fluctuation in the elevation of the water
table will cause less fluctuation in the
position of the interface at the bottom of

the lens, which will result in less mixing of
the fresh and salt waters.
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WATER RESOURCE DEVELOPMENT

The generally shallow depths to the
fresh, groundwater lenses in the Bahamas
has facilitated tbe use of this resource since

the arrival of the earliest inhabitants. The
methods of extraction have ranged from
simply finding a convenient sinkhole and

scooping the water out in a bucket or bowl,
to drilling deep wells and installing pumps.

The small amount of water withdrawn by
bucketing will usually cause only minimal
changes in the freshwater lens unless it is

very thin. Deep wells yielding large quanti-
ties of water to population centers or for
irrigation, however, can quickly upset the
lens’s stability, resulting in saltwater
intrusion and upconing.

Sustainable Yield

Intuitively, it may appear that it is safe
to extract from a lens any quantity of water
up to the amount that naturally flows out of
the lens along the discharge zone, since this
water is being lost anyway. Because the lens
is in dynamic equilibrium, however, any
change in either the amount of recharge to

the lens or the rate of discharge from it,
will alter its shape.
Mather (1975) has suggested that a

practical method of estimating the amount of
water that can be withdrawn from a lens
without destroying it as a viable source of
potable water, is to consider all withdrawals
as being equal to a comparable reduction in
the amount of recharge. Mather showed that,
for a given lens, the depth of a point on
the saltwater/freshwater interface below sea
level (z from Fig. 1) is approximately
proportional to the square root of the rate
of uniform vertical recharge per unit area
(W). Therefore, if the rate of recharge is
reduced, the depth to the interface will be
lessened by an amount proportional to the
square root of the recharge reduction. For
example, if the annual amount of recharge is
400 mm (158 in) and a point on the
interface of the original lens is 10 meters
(32.8 ft.) below sea level, a reduction of 100
mm (3.9 in.) in the amount of recharge will
result in a decrease in lens depth of about
13 m (43 ft.) to 8.7 m (28.5 ft.) below sea
level.

Each lens will react somewhat differently
to these changes, but Mather suggested that
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Fig. 1. Ghyben-Herzberg lens in an oceanic island.

a first approximation of a safe pumping rate
will be one that decreases the natural lens
thickness by one-half. Using the example
above, if the 10 meter thick lens is to be
reduced to five meters, the equivalent of
about 300 mm of recharge will be available
for abstraction. This amount, however,
should be reduced by almost half to allow
for drought conditions (Mather, 1975),
resulting in a safe yield of 160 mm, or only
about 4.275 liters/day/hectare (457 gallons
per acre per day).

After withdrawal has begun, the change
in position of the interface should be
monitored, and the pumping rate reduced if
necessary or increased if allowable. It must
be realized, however, that a lens can take
years to re-establish equilibrium after
extraction has begun, so a lack of change in
interface position should not be interpreted
too quickly.

Methods of Extraction
It is important to note

above, that
thick lens

in the example
the safe yield from the 30 ft.
is less than 460 gallons per day
per acre. Problems have arisen when well
construction techniques and pumping rates
commonly used on the mainland are trans-
ported to the islands.

These methods typically use a minimum
number of relatively small diameter, deep
wells pumped at high rates. Such practices
can cause upconing of the saltwater below
the well. According to the Ghyben-Herzberg

¢
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relationship, a drawdown of only 0.1 meters
(0.33 ft) in the well will theoretically result
in a local rise of four meters (13.1 ft) in

the saltwater/freshwater interface. (Actually,
the phenomenon of upconing is more
complex, see Todd, 1980.)

For many years in the Bahamas, it was
thought that the 1lens would re-establish
itself during the ‘resting" time between

periods of pumping (Riddel, 1935). In reality,
however, the fluctuations in the water levels
only resulted in a thickening of the transi-
tion zone.

Unless the freshwater lens is thick and
the permeability of the aquifer is high
enough to yield a lot of water with very
little draw down, a much safer practice is to
use shallow, large diameter, widely spaced
wells pumped at low rates for long periods

of time. In locations where enough land is
available, and the water table is not too
deep, long trenches «can be excavated
(Watson, 1980). By pumping from these
trenches, large quantities of freshwater can
be skimmed without causing significant
upconing.

GROUNDWATER CONTAMINATION

Degradation of the freshwater lenses in
the Bahama Islands by saltwater intrusion
resulting from inappropriate water extraction
methods has long been recognized as a major

cause of contamination. As the islands
experience increasing development, other
potential sources of contamination must be



and controlled. Some of these
domestic sewage, agricultural
chemicals, spilled petroleum and industrial
chemicals, buried wastes, leaking tanks, and
stormwater runoff,

The permeable nature of the soils and
bedrock facilitates the use of buried sewage
effluent disposal systems. When properly
sited and constructed, such systems provide
an effective, environmentally sound means of

recognized
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sewage effluent disposal. As the population
increases and the number of such systems
multiply, however, contamination of the

underlying groundwater can occur. Therefore,
it is imperative that suitable guidelines and
regulations be enforced.

Similarly, the sewage effluent disposal
practices of municipal systems and com-
munity treatment plants at residential and
commercial developments should be strictly
controlled. Offshore discharge should be
discouraged, not only because the nutrient,
chemical, and particulate loads from these
plants can do irreparable damage to ecology
of the nearshore and reef environments, but
also because such discharges waste valuable
freshwater. Rather, the possibilities of
effluent disposal by spray irrigation on golf
courses, lawns, landscaping, and agricultural
crops should be fully explored. The fate of
agricultural chemicals in the groundwater
must also be fully understood before their
use is widely permitted in the vicinity of
potentially  productive fresh groundwater
lenses.

The consequences of past practices
regarding the use, storage, and disposal of
hazardous wastes and chemicals are becoming
recognized as a major threat to the quality
of groundwater throughout the world. In the
Bahamas, this threat is even more pro-
nounced because of the fragile, shallow
nature of the “sole source" aquifer. Because
of the karstic nature of the terrane, the
population must be made aware of the
dangers of even such seemingly inconsequen-
tial practice as discarding used motor oil or

paint solvents down the nearest convenient
sinkhole. Pilots should also be required to
discard even the small amounts of aviation
fuel they routinely withdraw from wing
tanks into suitable containers rather than
onto the ground surface.

Leaking storage tanks, especially those
holding petroleum products should be

inventoried and checked to insure that they
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leaking. The shallow, fluctuating,
somewhat salty groundwater can
cause even relatively newly buried metal
tanks to begin to leak, and even minor
levels of contaminants in the water supply
can be carcinogenic,

Stormwater running off parking lots and
roads can also carry significant quantities of
pollutants with it. This is especially true of

are not
and often

the first one-half inch or so of rain that
falls after an extended period of dry
weather. Studies should be wundertaken to
mitigate the potential damage this runoff
could do to the groundwater.

CONCLUSIONS

Fresh groundwater in the Bahama Islands
occurs in a unique climatic and hydrogeolo-
gic setting that makes this resource difficult
to develop safely and susceptible to con-
tamination and degradation. Only by fully
understanding its mode of occurrence and
the risks of pollution can this valuable
resource be fully utilized for the benefit of
the Bahamian population.
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