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FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM OF UNITS (SI)

~

For the convenience of readers who may want to use International System
of Units (SI), the data may be converted by using the following factors:

Multiply inch-pound units By To obtain SI units

inches (in) 25.4 millimeters (mm)

feet (ft) 0.3048 meters (m) 9

square feet (ft") 0.09290 square meters (m")

miles (mi) 9 1.609 kilometers (km) 2

square miles (mi°) 2,590 square kilometers (km“)

acres 4047 square meters ( 2)

acre-feet (acre-ft) 1233 cubic meters (m”)

gallons per minute (gal/min) 0.06309 liters per second (L/s)

million gallons per day (Mgal/d) 0.04381 cubic msters per day
(m™/d)

cubic feet per second (ft3/s) 0.02832 cubic mgters per second
(m™/s)

pounds (1b) 453.6 grams (g)

pounds per acre (1lb/acre) 0.1121 grams per,square meter
(g/m”)

tons, short (toms) 0.9072 Megagrams (mg)

tons per square mile (tons/mi”) 0.03753 Megagrams per squarg

kilometer (tkm")

Vi



WATER RESOURCES OF THE SABANA SECA
TO VEGA BAJA AREA, PUERTO RICO

by
Arturo Torres—Gonzdlez and Jos€ R. Diaz

ABSTRACT

An assessment of the water resources of the Sabana Seca to Vega Baja was
made from 1978-80 in cooperation with the Puerto Rico Department of Agriculture.
The area is under intense agricultural development with plans for eventual
planting of nearly 10,000 acres in rice.

The geology of the area consists of a sequence of limestone formation over-
lain by alluvium and blanket-sand deposits. The surficial deposits and the Ay-
mamdn and Aguada Limestones form a water—table aquifer, which supplies most of
the water in the area. The alluvial valleys of Rio de la Plata and Rio Cibuco,
the two principal streams, comprise 50 percent of the ‘area. Karst solution
features are abundant to the south, with lagoons, marshes, and swamps adjacent
to the coast.

Streamflow of Rio de la Plata and Rio Cibuco, varies seasonally with preci-
pitation. The climate of the area is marine-tropical, with an average annual
rainfall of 65 inches. The Rio de la Plata, flow is regulated at de la Plata
reservoir, upstream from Toa Alta. Although the average annual flow of Rio de
la Plata at Toa Alta is about 279 cubic feet per second, regulation reduces
flows to as low as 3.4 cubic feet per second. Flow at the site exceeds 12 cubic
feet per second 90 percent of the time. RIo Cibuco flow at Vega Baja exceeds 18
cubic feet per second 90 percent of the time. The flow at Rio Cibuco is more
sustained than at Rio de la Plata, with a 7-day, l0-year minimum flow of 7.5
cubic feet per second.

A water-table aquifer system, composed of Aymamén Limestone and underlying
Aguada Limestone, and alluvial and sand deposits, is present throughout the
study area. Depth to water below the land surface ranges from 16 feet near the
coast to 120 feet near Highway 2. Ground-water flows 1in a general northerly
direction to the ocean. Storage coefficients vary from 0.0l to 0.05 in the
limestone, and 0.1 and higher in the alluvium. Transmissivities in the lime-
stone are as high as 100,000 feet squared per day, due to local cavernous condi-
tions. In the alluvium, transmissivities range from 100 to 10,000 feet squared
per day.

Ground-water flows were estimated at a minimum of 1.6 million gallons per
day per mile. Yields to wells range from 10 to 4,000 gallons per minute, gen-—
erally exceeding 300 gallons per minute. Ground-water levels fluctuate season-
ally with precipitation and pumpage, but declined about 7 feet from 1973 to 80.

The surface waters from RIo Cibuco and Rio de la Plata are suitable for
most uses including irrigation. Calcium and bicarbonate are the principal ioms,
with dissolved-solids concentration ranging from 135 to 325 milligrams per 1li-
ter. Suspended-sediment yields from Rio Cibuco and Rio de la Plata basins are
less than 85 tons per square mile per year. Seawater is a major problem in
canals and the lower reaches of the rivers. The salt-water wedge was detected
1.75 river miles upstream from the mouth of RiIo Cibuco and 3.0 river miles up-
stream from the mouth of Rio de la Plata.

1



ABSTRACT (Continued)

The quality of ground water varies from excellent to very poor. Water from
shallow wells tapping the limestone and alluvial aquifers is mostly of a cal-
cium-bicarbonate type, with dissolved-solids concentrations ranging from 250 to
350 milligrams per liter. The water is suitable for most uses., Seawater in-
trusion is a major problem toward the coast due to the cavernous nature of the
limestone aquifer. In the vicinity of Highway 2, near the southern boundary of
the study area, the depth to the fresh-salt water mixing zone is about 210 feet.
Overpumping of wells in the Campanilla area has resulted in sea-water

encroachment into the aquifer. N

Although abundant water supplies are available in the study area, better
management practices are essential to optimize their use and prevent further
sea-water encroachment.

1.0 INTRODUCTION
1.1 Objective

SABANA SECA TO VEGA BAJA AREA
WATER RESOURCES ASSESSMENT

A study of the water resources
in the Sabana Seca to Vega Baja area was conducted
in support of the Puerto Rico Department of Agriculture rice program.

This report describes the general hydrology of the Sabana Seca to Vega Baja
area, in north-central Puerto Rico (fig. 1.1-1). It summarizes the findings of
a 2-year study of the water resources of the area conducted from 1978 to 1980.
The study was conducted in cooperation with the Puerto Rico Department of Agri-
culture (PRDOA) as part of the cooperative water resources program between the
U.S. Geological Survey, and agencies of the Commonwealth of Puerto Rico.

The Sabana Seca to Vega Baja area is one of several coastal valleys selec-
ted by the Commonwealth government for the production of rice on a commercial
scale. Rice,. one of the staple foods in Puerto Rico, is imported mostly from
California and Louisiana. The Commonwealth's program envisions the substitution
of the imported rice by locally produced crops. The climate of Puerto Rico will
allow for higher yields than at most other rice-growing areas in the world
(Vicente-Chandler and others, 1977), Vicente-Chandler estimated yields as high
as 5,000 (1b/acre)/crop. From 2 to 2% crops can be obtained per year. This
production however, will require large amounts of water. The PRDOA, in charge
of the Commonwealth's rice program, “requested an assessment to determine the
availability of water from the proposed rice production areas, including the
Sabana Seca to Vega Baja valleys. Other areas under investigation are also

shown in figure 1.1-1.

The main objectives of the study were to determine the quantity and qual-
ity of surface and ground-water supplies, their occurrence, and movement. The
extent of saline-water intrusion was also investigated.
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1.0 INTRODUCTION (Continued)
1.2 Description of the Area

STUDY AREA LOCATED IN NORTH COAST LIMESTONE REGION

~

The area includes about 57 square miles between Sabana Seca and Vega Baja.
Most of the land in the area is used for sugarcane and pastures.

The area includes about 57 m12 along the coastal plain, between the towns
of Sabana Seca and Vega Baja, bordered by Highway 2 along most of its south
edge and the Atlantic Ocean to the north (fig. 1.2-1). Two main rivers, Rio
Cibuco and Rio de la Plata, flow into the area from the limestone hills to the
south. Both rivers cross the area in a nearly south-to-north direction, dis-
charging into the Atlantic Ocean.

The principal urban areas are the towns of Toa Baja, Dorado, Vega Alta,
and Vega Baja. Other communities in the area are Sabana Seca, Campanilla,
Higuillar, Espinosa, and Monserrate, The population of the area is about
115,000 (1980 Census).

Most of the land, in rural areas, is used for sugarcane and pastures. The
cultivation of rice will reduce significantly the sugarcane acreage. The Cons-
tancia and San Vicente sugar mills, now closed, operated until recently. Light
industry, such as the manufacture of pharmaceuticals, food products, clothing,
and furniture are now the principal industrial and employment sources. Water
demands for these activities are small when compared to prior sugarcane irriga-
tion and milling requirements.

Water in the area is provided from a combination of shallow wells (about
40) and streams. The most important well fields are near Campanilla and Vega
Baja. Domestic supplies for Vega Baja are augmented by pumpage from Rio Indio,
a tributary of Rio Cibuco.
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2.0 GENERAL FEATURES
2.1 Geology

LIMESTONE FORMATIONS AND ALLUVIUM
FORM GEOLOGIC FRAMEWORK

~

The geology of the area consists of a thick sequence
of predominately limestone formations: the Lares Limestone,
the Cibao Formation, the Aguada Limestone, and the
Aymamdén Limestone; overlain in places
by alluvium and other surficial deposits.

The surface and pertinent subsurface geology in the area of investigation
consists of predominently limestone formations of Oligocene to Miocene age. The
formations dip gently to the north, and are overlain by unconsolidated to semi~
consolidated Quaternary deposits on the coastal plain and in stream valleys
(figs. 2.1-1, 2.1-2). The following description of the geologic formations
from oldest to youngest was adapted from Briggs and Akers (1965). Thickness of
the formations was determined from Monroe (1980).

The Lares Limestone is composed of thick-bedded to massive dense limestone
and calcarenite. Its thickness ranges from near 0 at Toa Alta to about 500 ft
in the western part of the study area. The Cibao Formation is composed of inter-
bedded marl, chalk, and limestone, some thin sand and clay beds, and occasional
conglomerate lenses. It is 500-600 ft thick. The Aguada Limestone is composed
mostly of hard thick-bedded to massive calcarenite and dense limestone interbed-
ded with chalky limestone and marl. It commonly contains some quartz grains.
It is about 300 ft thick. The Aymamdn Limestone is composed of thick-bedded and
massive dense limestone, calcarenite, and some dolomite beds. It is 600-700 ft

thick.

Quaternary deposits are subdivided into three types. Blanket deposits of
quartz sand, clayey sand, and sandy clay occur principally in the coastal plan
and in areas of karst topography. Beach and dune deposits are 1largely sand,
composed of calcite, quartz, volcanic rock fragments, and some magnetite, and
locally include cemented sand (beachrock) in bands parallel to the shore. Allu-
vial deposits are composed of sand, silt, clay, gravel, and flood-plain and ter-
race deposits.

~
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2.0 GENERAL FEATURES (Continued)
2.2 Landforms

AREA IS MARGINAL TO THE KARST BELT
GEOGRAPHIC REGION

The alluvial valleys of Rio Cibuco and Rio De La Plata
comprise 50 percent of the area. Karst solution
features are abundant; lagoons, mangrove
swamps and marshes are common along the coastline.

Puerto Rico can be divided into three main geographic regions (Monroe,
1976 p. 6); a mountainous area that constitutes most of the southern two thirds
of the island, a belt of rugged karst topography in the north-central and
northwestern parts of the island, and a discontinued fringe of relatively flat
coastal plains (Fig. 2.2-1).

The karst region in north-central and northwestern Puerto Rico is an area
underlain by limestone, in which the topography is formed chiefly by solution.
The topography varies from extremely rugged karst terrain with a relief of as
much as 1,000 ft tc gently rolling hills. ’

The coastal plain slopes gently from the shore to an altitude of about 50
ft at the foothills. Depressions are common; several lagoons, marshes, and man-
grove areas have developed. A relatively continuous line of marshes, mangrove
swamps, and small lagoons lie just inland from the shoreline.

The Sabana Seca-Vega Baja area lies in the 1lowlands of the north-coastal
plain. The plain is about 3 mi wide in the study area. It has been built up by
surficial deposits consisting of sand, silt, clay, and muck overlying a dissect-
ed older surface. Isolated limestone hills called "mogotes" project out of the
plain. Round limestone hills of the Aguada and Aymamén Limestones, bordered by
patches of blanket deposits, are conspicuous in the southern part of the area.
The alluvial wvalleys of Rio Cibuco and Rio de la Plata on the west and east
boundaries of the area, respectively,> are incised through the foothills and ex-
tend to the coast. The valleys comprise about 50 percent of the study area.
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2.0 GENERAL FEATURES
2.3 Land Use

~

AGRICULTURAL LANDS COVER MOST OF THE
SABANA SECA TO VEGA BAJA AREA

Nearly half of the study area, 16,000 acres, is used
for agriculture. The remaining land, 22,000 acres,
is used for urban and rural housing, hotels,
and recreational facilities.

Most of the coastal plain and alluvial valleys have been utilized by agri-
culture for many years. Sugarcane, pastures, and ornamental plant nurseries
predominate. Urban and industrial development are centered in the towns of Toa
Baja, Dorado and Vega Alta. Numerous villages are scattered among the agricul-
tural lands. The northern section includes two large hotels, three golf courses,
recreational beach areas, and several housing projects.

Land use in the study area as of 1978 is shown in figure 2.3-1. Agricul-
tural areas included 15,000 acres. The remaining 22,000 acres included commun-
ities, industry, scattered housing, hotels and coastal recreational areas.
About 10,000 acres have been proposed by PRDOA for the rice program. Most of
this land was originally planted in sugarcane. Dairy farms in the central part
of the area account for about 6,000 acres.

10
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2.0 GENERAL FEATURES (Continued)
2.4 Climate

AREA CHARACTERIZED BY A TROPICAL MARINE CLIMATE

Temperature ranges from 23 to 27°Centigrade. Precipitation
ranges from 60 to 70 inches per year.

The climate of the Sabana Seca to Vega Baja area is tropical marine with
mean daily temperatures ranging from 23° during the winter to 27°C during the
summer. Temperature is nearly uniform and very similar to the San Juan. Metropo-

litan area.

Precipitation over the area ranges from 60 to 70 in/year (Calvesbert, 1970)
(fig. 2.4-1). The persistent easterly and southeasterly tradewinds contribute
to produce precipitation throughout the year, although seasonal variations occur.
Precipitation records at 3 sites in or near the study area (fig. 2.4~2) show
monthly fluctuations and seasonal patterns. The most intense rain storms occur
early in the spring (April), and during the rainy season from August to Decem-
ber. Normally, about two thirds of the annual precipitation occurs during the
rainy season. The driest period is from January to March.

. Average actual evapotranspiration in the study area is about 45 inches/year.
This value was estimated from data collected along the north coast by Giusti
(1978). Giusti concluded that the ratio of pan evaporation (EP) to actual eva-
potranspiration (ET), dis about 0.76. Wind effects in the Sabana Seca to Vega
Baja area may contribute to higher than average actual evapotranspiration val-
ues. The need to conduct studies to measure ET is evident. This data will be
essential to planners and developers involved in the irrigation projects now

under contruction for the rice program.

12
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3.0 SURFACE WATER

3.1 Streamflow

STREAMFLOW VARIES SEASONALLY

Streamflow at Rio Cibuco and Rio de la Plata fluctuate seasonally
with precipitation. Base flows at Rio de la Plata are
affected by regulation.

The two principal streams in the study area, Rio Cibuco and Rio de 1la
Plata, flow abundantly in response to seasonal precipitation. Most of the high-~
er flows occur during the rainy season (September to December), but equally
high discharges can occur in almost any month (figs. 3.1-1 and 3.1-2).

Rjo de la Plata is affected by significant regulation. Flow from about
8.2 mi” of drainage in the basin is diverted to the south coast at Lago Carite.
In 1974, a wateg-supply reservoir was built upstream from Toa Alta. About 40
Mgal/d (62 ft “/s) are diverted from the reservoir to the San Juan metropoli-
tan area. This has resulted in lower base flows at the Toa Alta gaging station
In the Rio Cibuco basin, about 24 mi” of drainage are partly undefined contri-
buting area in the limestone zone. Low flows in the Rio Cibuco are probably a-
ffected by the undefined area. Runoff from this area is probably minimal during

periods of scarce rainfall.

The average-annual disgharge of Rio Cibuco at the Vega Baja gaging station
(50039500) is about 85 ft~/s (5 years of record). At Rio de la Plata at Toa
Alta gaging station (50046000), with a drainage area twice as large as the
Rio Ciguco at Vega Baja (200 versus 90 mi~), the average-annual discharge is
279 ft* /s (17 years of record). Prior to the con§truction of the reservoir the
annual average flow at this site was about 319 ft7/s.

Monthly-mean dischﬁrges at Rio Cibuco (table 3.1-1) range from 12.8 ft3/s
(June 1977) to 382 ft /s (Oct 1975). At Rig de la Plata, the monthly means
(table 3.2-2) ranges from 11.4 to 4,813 ft7/s. The monthly means, together
with flow-duration and low-flow data (sections 3.3 and 3.4), can be used to es-
timate maximum volume of water that can be withdrawn from the streams. A long-
term record of monthly means can also provide an insight into the effects of
withdrawals at a stream site. This is evident for Rio de la Plata (table 3.1-2)
after 1974. Monthly means have declined dramatically after the reservoir for

water supply was built,

14
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}io Cibuco at Vega Baja (50039500). Table 3.1-2.—Monthly mean discharge of Rio de la Plata at Toa Alta (50046000).
DISCHARGE IN CUBIC FEET PER SECOND
BIC FEET PER SECOND YEAR ocT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT
AR APR MAY JUNE JULY AUG SEPT 1960 * * * 90.10 109.00 84.40 243.00 177.00 114.00 162.00 401.00 | 1691.0
1961 555.00 508.00 | 1135.0 362.00 161.00 146.00 208.00 149.00 113.00 69C.00 299.00 269.00
9.50 369.00 95.00 58.00 38.90 46.00 48.40 1962 546.00 488.00 775.00 362.00 156.00 112.02 270.00 562.00 408.C0 250.00 414.00 501.00
3.40 42.20 29.30 18.20 19.90 47.60 114.00 1963 462.00 158.00 154.00 197.00 220.00 157.00 336.00 548.00 224.00 211.00 361.00 383.00
1.00 34.10 31.30 21.10 31.70 35.70 82.90 1964 300.00 249.00 125.00 112.00 78.90 48.70 89.70 60.10 101.C0 182.00 262.00 150.00
6.00 132.00 77.60 32.60 26.00 24.90 45.80 1965 151.00 35.20 68.40 83.40 41.00 31.50 67-80 899.00 461.00 258.00 673.00 343.00
7.30 34.60 24.70 12.80 15.50 154.00 45.50 1966 222.00 308.00 | 1184.0 254.00 133.00 283.00 372.00 390.00 176.02 136.00 270.00 494.00
3.20 175.00 68.40 34.60 27.90 21.20 36.30 1967 555.00 295.00 382.00 166.00 160.00 113.00 79.60 83.50 50.50 61.-60 105.00 64.00
5.00 152.00 361.00 151.00 162.00 461.00 450.00 1968 181.00 220.00 57.00 125.00 115.00 55.20 61.80 151.00 119.C0 146.00 341.00 134.00
2.60 75.70 104.00 77.70 42.70 79.00 109.00 1969 47.90 641.00 308.00 518.00 343.00 468.00 462.00 881.00 189.00 278.00 300.00 399.00
3.00 225.00 566.00 156.00 85.30 121.00 83.90 1970 301.00 | 1145.0 328.00 266.00 98.10 72.80 56.10 560.00 847.00 446.00 716.00 365.00
.90 66.20 232.00 72.30 64.60 55.00 85.10 1971 | 4813.0 1161.0 1352.0 472.00 371.00 187.00 547.00 256.00 156.00 146.00 225.00 115.00
1972 218.00 155.00 131.00 154.00 111.00 282.00 164.00 80.80 40.90 49.50 66.80 91.10
1973 283.00 121.00 271.00 92.10 151.00 78.70 349.00 71.30 76.00 39.30 129.00 78.20
1974 35.10 74.30 29.50 89.50 117.00 41.00 34.20 39.10 33.70 35.40 138.00 287.00
1975 856.00 | 1144.0 421.00 247.00 73.20 52.20 27.80 38.60 16.20 32.80 $1.30 *
1976 270.00 483.00 848.00 123.00 130.00 85.50 111.00 87.00 32.60 13.90 16.50 76.60
1977 74.40 47.40 36.60 40.30 16.90 19.00 15.40 12.79 11.40 21.70 30.90 56.10
1978 177.00 | 1137.0 283.00 94.20 95.20 157.09 371.00 114.00 41.70 43.70 69.90 564.40
1979 499.00 207-00 54.10 153.00 148.00 101.00 88.40 552.00 620.C0 592.00 | 1677.0 1574.0
1980 401.00 $92.00 178.00 137.00 144.00 134.00 109.00 156.00 77.20 60.30 49.00 121.00
1981 142.00 31.00 88.10 68.50 33.80 127.09 291.00 838.00 460.00 201.00 164.00 124.00
1982 267.00 257.00 | 1071.0 137.00 167.00 34.50 27.00 379.00 35.50 73.10 54.50 330.00

* INDICATES A NO-VALUE MONTH

3.0 SURFACE WATER

3.1 Streamfliow




3.0 SURFACE WATER (Continued)
3.2 Floods

FLOODS ARE FREQUENT AND SEVERE

Rio Cibuco and Rio de la Plata flood significant parts of the
study area. At Vega Baja, the maximum known flood of Rio Cibuco occurred
in 1965, with a peak discharge of 28,000 cubic feet per second. At
Toa Alta, Rio de la Plata had a peak discharge 120,000 cubic feet
per second in 1928.

Effective planning for the development and management of flood plains re-
quires studies and analyses of their flooding potential and characteristics.
The two principal streams in the study area, Rio Cibuco and Rio de la Plata,
produce severe and frequent floods that inundate large tracts of land.

The floods of Rio Cibuco in the Vega Alta and Vega Baja areas were de-
scribed by Hickenlooper (1968). The most severe flogd of record occurred on
December 11, 1965 when a peak discharge of 28,000 ft”/s was recorded at the
Highway 2 bridge (tables 3.2-1 and 3.2-2). This discharge corresponds to a re-
currence interval of 25 years (4 percent chance of occurring in any given year).
The area inundated was about 10 mi (fig. 3.2-1). However, a levee was built
in 1966 in the vicinity of Vega Baja, with the intention of reducing the area
inundated by future floods.

The largest known flood of Rio de la Plata in the study area occurred in
1928. A peak discharge of 120,000 ft ~/s at Hwy 165 near the Toa Alta bridge
was estimated from historical data (Lopez, 1964). The flood of 1899 was proba-
bly higher, but the data are insufficient to estimate the discharge. The flgod
of 1960 was the second largest known, with a peak discharge of 95,500 ft /s
(table 3.2-3) and a recurrence interval of about 32 yearg (a 3 percent chance
of occurrence in any given year). An area of about 18 mi~ was flooded in 1960,
including the towns of Dorado, Toa Baja, and agricultural areas in the vicinity.

The flooding potential of Rio Cibuco and Rio de la Plata is an important
factor in the selection of areas for agricultural development. Most of the
flood plain north and east of Vega Baja, planned for intense rice cultivation,
would be subject to flooding. Depth of flood waters in this area could be as
much as 6 to 8 ft. Areas considered for rice cultivation south of Dorado would
also be subject to similar flooding.
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3.0 SURFACE WATER (Continued)
3.3 Low Flow

MINIMUM FLOWS OF RIO CIBUCO AT VEGA BAJA AND RIO DE LA
PLATA AT TOA ALTA OCCUR FROM JUNE THROUGH AUGUST

Monthly minimum 7-~day consecutive flows of Rio de la Plata are as low as
6.5 cubic feet per second and of Rio Cibuco are as low as
7.4 cubic feet per second.

The minimum flow at a selected site of a stream is an important factor for
water resources planning and managemen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>