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Multiply By To obtain
acre 0.4047 hectare
acre-foot (acre-ft) 1,233 cubic meter
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
foot squared per day (ft2/d) 0.09290 meter squared per day
gallon per minute (gal/min) 0.0630 liter per second
gallon per minute per foot [(gal/min)/ft] 0.2070 liter per second per meter
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
million gallons (Mgal) 0.04381 cubic meter
million gallons per day (Mgal/d) 0.04381 cubic meter per day
square mile (mi2) 259.0 hectare

Temperature: Temperature in degrees Celsius (°C) may be converted to
degrees Fahrenheit (°F) as follows:
°F =1.8x°C + 32
Transmissivity: the standard unit for transmissivity is cubic foot per day per square foot
times foot of aquifer thickness [ft>/d)/ft]ft. In this report, the mathematically reduced
form of this unit, foot squared per day (ft?/d), is used for convenience.

Abbreviated water-quality units used in this report:
mg/L  milligram per liter

uS/cm microsiemen per centimeter at 25 degrees Celsius
pug/l.  microgram per liter

Acronyms used in this report:

NOAA  National Oceanic and Atmospheric Administration
PRASA  Puerto Rico Aqueduct and Sewer Authority

USGS U.S. Geological Survey
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Hydrogeology and Ground-Water/Surface-Water Relations
in the Bajura Area of the Municipio of Cabo Rojo,

Southwestern Puerto Rico

By Jesus Rodriguez-Martinez

Abstract

A study of the hydrogeology and ground-
water/surface-water relations in the Bajura area of
the municipio of Cabo Rojo, southwestern Puerto
Rico was conducted from October 1991 through
September 1994. The study included an area of
about 11 square miles in the municipio of Cabo
Rojo.

The geology of the area is dominated by a
series of volcanic and metamorphic rocks of upper
Cretaceous and Jurassic age and by the Cotui
Limestone of Cretaceous age interbedded with
gravels and sands. These rocks are overlain by
surficial deposits of Quaternary and Tertiary age.
The Ciénaga de Cuevas wetland appears to be a
tectonic basin that formed as a result of localized
block faulting.

The primary source of ground water is the
water-table aquifer, a heterogeneous aquifer
composed mostly of limestone and secondary
amounts of gravels, sands, and clayey sands. The
ground-water type in the study area is mostly
calcium bicarbonate and marginally sodium
bicarbonate. In general, the water meets the
drinking-water standards of the U.S. Environmental
Protection Agency.

Transmissivities in the study area range from
270 to 5,600 feet squared per day and the horizontal
hydraulic conductivities range from 10 to 200 feet
per day, based on well-performance data and slug
tests. A storage coefficient of about 0.07 was
estimated for the water-table aquifer in the Bajura
area.

Ciénaga de Cuevas, a surface-water feature in
Barrio Bajura, can be classified as a riverine
intermittent wetland. This wetland ponds at least

twice a year as a consequence of the two wet seasons
that normally occur during April through May and
from August through November; the August through
November ponding is normally longer and more
areally extensive. Surface water in the study area is
predominantly of the calcium magnesium
bicarbonate type and is suitable for most industrial,
domestic, and agricultural uses. Water quality of the
wetland-appears to be greatly influenced by
evaporation.

Recharge during the two wet seasons of 1993
was estimated to be about 777 million gallons for
that part of the aquifer within the cone of depression
of a Puerto Rico Aqueduct and Sewer Authority well
field. This recharge comes from the overlying
Ciénaga de Cuevas and a series of streams that drain
the wetland. This recharge supplied as much as 85
percent of the 2.5 million gallons per day being
pumped from the water-table aquifer. Piezometric
data and the results of seepage runs conducted in the
lower reach of Rio Guanajibo during low-flow
conditions in 1992 and 1993 indicated that no
interaction was occurring between it and the aquifer.

The main landforms in the study area are the
Ciénaga—a riverine intermittent wetland located in a
topographic low—and the Cordillera Sabana Alta,
Cerro Conde Avila, and Monte Grande highlands.
The lower reach of the Rio Viejo, as well as the
Quebrada Pileta and Quebrada Mendoza, drains
Ciénaga de Cuevas, and acts as drainage for the
aquifer. The isotopic data supported the ground-
water/surface-water relations determined from the
piezometric data. Prior to development of the
aquifer, the Ciénaga de Cuevas was most likely
discharging to the underlying aquifer.

Abstract 1



INTRODUCTION

The municipio of Cabo Rojo in southwestern
Puerto Rico has undergone a significant increase in
population from 34,045 in 1980 to 38,521 in 1990
(U.S. Department of Commerce, 1980, 1990). The
increase in population in combination with the influx of
visitors due to tourism has led to temporary shortages
in the potable public water supply. The main source of
water in this area is provided by the Puerto Rico
Aqueduct and Sewer Authority (PRASA) from a well
field in the Bajura area adjacent to the urban area of
Cabo Rojo. This well field provides about 2.5 Mgal/d
of water from the water-table aquifer in the Bajura area
(Gémez-Goémez and others, 1984; Colén-Dieppa and
Quifones-Marquez, 1985; Torres-Sierra and Avil€s,
1986). The pumpage in this well field will likely
increase as the water demand in the Cabo Rojo area
also increases. A wetland known as Ciénaga de Cuevas
(hereafter referred to as the Ciénaga) overlies the
aquifer in the Bajura area. The relation of the Ciénaga
with the underlying aquifer and the occurrence and
movement of ground water in the Bajura area were
unknown prior to the completion of the present
investigation.

Purpose and Scope

This report summarizes the results of a 3-year
investigation conducted by the U.S. Geological Survey
(USGS), in cooperation with the PRASA from October
1991 through September 1994 to define the
hydrogeology and the ground-water/surface-water
relations in the Bajura area of the municipio of Cabo
Rojo (fig. 1). The objectives of this study were to
define the hydrogeologic framework, the occurrence
and movement of ground water, and the ground-water/
surface-water relations of the Bajura area. Results of
the study will assist the PRASA to optimize
development of the aquifer in the Bajura area, while
preserving or enhancing the hydrologic and ecologic
values of the Ciénaga.

Approach

The objectives of the investigation were met by
(1) constructing 14 piezometers (fig. 2; table 1) of
which 12 were instrumented with continuous water-
level recorders to determine the areal and seasonal

change in hydraulic head, (2) measuring monthly water
levels in wells already existing in the study area,

(3) constructing two nests of stratified piezometers of
three wells drilled to different depths to define vertical
hydraulic gradient and hydraulic conductivity,

(4) performing specific capacity and slug tests to
determine the transmissive properties of the aquifer in
the Bajura area, (5) conducting two seepage runs in the
lower reach of the Rio Guanajibo to determine the flow
between it, the aquifer, and the Ciénaga, and

(6) reviewing drillers’ logs at existing wells and using
these records in conjunction with lithologic data
obtained during installation of piezometers to define
the subsurface geology in the study area. In addition, a
water-level stage recorder and a weather station, which
both included a precipitation gage and pan-evaporation
station, were installed in the Ciénaga. The locations of
all piezometers, wells, and data-collection stations used
in this study are shown in figure 2. Ground-water and
surface-water samples were collected at selected sites
in the study area to determine the concentration of
major ions, nutrients, and deuterium and oxygen-18
composition (fig. 3).
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DESCRIPTION OF STUDY AREA

The Bajura study area encompasses about 11 mi?
and includes the Ciénaga and its drainage basin, the
lower reach of the Rio Guanajibo, and part of the lower
Rio Guanajibo alluvial valley (fig. 1). The Bajura area
consists of a semi-enclosed basin bordered by the
Cordillera Sabana Alta to the northwest, the Cerro
Conde Avila to the west, and the Monte Grande to the
south. The Bajura area is bounded to the northeast and
east by the Ciénaga and the lower reach of the Rio
Guanajibo alluvial valley (fig. 1). Land in the study
area is used mostly for pasture or is left fallow.

2 Hydrogeology and Ground-Water/Surface-Water Relations, Bajura Area, Municipio of Cabo Rojo, Puerto Rico


























































































