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WATER RESOURCES OF THE RIO GRANDE DE ANASCO -
LOWER VALLEY, PUERTO RICO

By

José Raill Diaz and Donald G. Jordan

ABSTRACT

A large amount of water
suitable for most uses is available
in the lower Rio Grande de Anasco
Valley. The major source is the
Rio Grande de Afiasco which contri-
butes about 95 percent of the
surface water inflow to the lower
valley. River flow at E1 Espino
will exceed 100 cubic feet per
second about 85 percent of the time
and 200 cubic feet per second 50
percent of the time. Average daily
flow for the dryest months of the
year (February, March, and April),

is almost always 1less than 100
cubic feet per second. In con-
trast, the average daily flow for

the wettest months of the year
(September, October, and November),
is greater than 120 cubic feet per
second.

The Rio Canas, which enters
the lower valley from the south is
the only other stream with signifi-
cant perennial flow. During the
study period, flows of the Rio
Caflas averaged about 5 cubic feet
per second. )

The lower valley is underlain
by igneous rocks that have been
eroded to depths of 350 feet or
more below sea level. The valley
is filled with 250 feet or more of
limestone and clay, that in turn is
overlain by as much as 100 feet of
alluvium.

The amocunt of ground water
available is unknown. There are
large volumes of water in the
saturated mostly fine-grained
alluvium of Zone II, but as a whole
the alluvium does not yield water
readily to wells. Sand and gravel
deposits associated with former

river channels will yield an
estimated 100 to 150 gallons per
minute to wells.

The principal source of ground
water is the limestone of Zone
III, that reportedly will yield as
much as 500 gallons per minute to
wells.

The quality of surface water
especially that of Rio Grande de
Anasco 1is very good. Specific
conductance seldom exceeds 250
microsiemens per centimeter, even
at low flows. Both salinity and
sodium are low, falling in the Cl -
Sl irrigation water classification.
Water quality in the lower 5,000
feet or so of the river is affected
by saltwater encroachment from the
sea, The water quality of the
other streams and canals in the
lower valley is variable depending
on susceptability of saltwater
encroachment, contamination from
man-made sources, and concentration
of minerals by evapotranspiration.
Specific conductance however seldom
exceeds 500 microsiemens per
centimeter and the water usually
falls in the Cl1 - S2 classifica-
tion.

The quality of ground water in
the alluvial aquifer is about the
same as that of the water of the
Rio Grande de Aflasco except where
encroached by saltwater or conta-
minated. The water from the
limestone 1is more mineralized than
that of the alluvium (about 600 to
700 microsiemens per centimeter),
and is somewhat similar to that of
the smaller streams and canals in
the valley.



INTRODUCTION

In 1978, the ©Puerto Rico
Department of Agriculture began an
intensive program to foster agri-
cultural development on the Island.
One of the components of the
program was the development of a
rice industry in Puerto Rico
capable of reducing or eliminating
most of the rice imports (whose
value totaled about 100 million
dollars per year). The rice
program was developed under the
direction of the Administration for
Agricultural Development (AFDA) and
the Puerto Rico Rice Corporation, a
public corporation of AFDA.
Agricultural programs, in particu-
lar the rice project, required
accurate and updated information
about the water resources of the
valleys selected for development.

The lower Rio Grande de Anasco
valley was among several areas
identified for potential agricul=-
tural development (fig. 1). The
valley has been dedicated tradi-
tionally to sugarcane cultivation.
However, the overall decline of the
sugar industry in Puerto Rico has
resulted in only partial utiliza-
tion of the land in the valley.

Purpose and Scope

A reconnaissance of the water
resources of the lower Rio Grande
de Anasco valley was begun in
August 1981 by the U.S. Geological
Survey. The project, done in
cooperation with AFDA and the
Puerto Rico Rice Corporation,
included a preliminary appraisal of
the surface and ground-water

resources of the area. The princi-
pal objectives of the investigation
were to:

1. Define the flow character-
istics and water quality of the Rio
Grande de Afiasco and other streams
and canals within the project area;

2. Determine and describe the
movement, occurrence, quality, and
availability of ground water in the
lower valley;

3. Evaluate areas of poten-
tial seawater encroachment and the
upriver extent of saltwater in the
lower reaches of the Rio Grande de
Anasco, and other streams or canals
that discharged to Bahia de Afasco;
and,

4, Document results of the
above.

To accomplish these objectives
a number of sites were established
on the streams in the lower valley
at which discharge measurements
were made and samples collected for
water quality analyses. A series
of shallow wells, penetrating about
10 feet (ft) into the surficial
alluvial aquifer, were drilled to
obtain water level and water
quality information. Five seismic
lines were run in different parts
of the wvalley to obtain better
knowledge of the subsurface geol=-
ogy. Published information con-
cerning the valley was reviewed and
data available in the files of the
Geological Survey were examined.











































































GROUND WATER

There are two water-bearing
units in the lower valley of the
Rio .Grande de Aflasco. The upper-
most unit (Zone II) is alluvium
consisting primarily of silt, clay,
and lesser amounts of sand. Some
gravel is present, apparently
deposited in former stream chan-
nels. TUnderlying the alluvium is
hard dense clay containing beds of
soft 1limestone (Zone 1III1). The
limestone is the source of water in
the lower unit,

Alluvium (Zone II)

The water-bearing alluvium
generally ranges in thickness from
about 50 to 100 ft throughout the
central part of the valley; thin-
ning to a featheredge at the
bedrcck boundaries. The alluvium
is composed predominately of
fine-grained material and therefore
has a high porosity. It can retain
large amounts of water probably on
the order of 20 to 30 percent by
volume. However, the alluvium has
a very low permeability because of
its fine grain, and will yield
water very slowly. The principal
water-yielding zones in the allu-
vium are layers of sand or gravel;
both are probably deposits laid
down in former channels of the Rio
Grande de Anasco. Near the sea,
some of the sand is possibly buried
beach or dune deposits.

A network of 30 shallow
piezometers was installed through-

out the Ilower valley during the
study (figs. 14 & 15). The piezo-
meters were used to monitor the

fluctuations of the water table, a
relatively shallow ground-water
table ranging from about 2 ft below
the 1land surface in the western

part of the valley, to about 15 ft
below the land surface toward the
east. The water-table surface
showed little variation between the
wet season (fig. 14) and the dry
season (fig. 15). Significant
features on both water-table maps
are the area of discharge from the
aquifer to the Rio Grande de Anasco
in the middle and lower parts of
the valley, and areas of discharge
centered around the Cafio La Puente
and Cafio Boquilla. The water-table
contours in the southern part of
the valley show a steepening of
slope from the vicinity of the
Mayaguez Airport.

The close spacing of the
water-table contours along the Rio
Grande de Afasco, and the lack of
variation from wet to dry season is
an indication of the low permeabil-
ity of the alluvium there., Water
does not move readily from the
alluvium to the river. The broad
reentrant in the contours around
Cafio la Puente reflect to a large
extent the low lying land, swamp
and marsh conditions, and the
surface manifestation of the upward
discharge of water from Zone II.
The only major change 1in the
water-table contours between the
dry season and the wet season is in
the vicinity of drainage canals.
In the southern part of the valley
in the vicinity of the Cafio
Boquilla marshes, conditions
similar to those in the vicinity of
Cafio La Puente prevail. The close
spacing of the contours south and
west of the Mayaguez Airport,
probably reflect a change in the
composition of the alluvium from a
very clayey alluvium through which
water moves very slowly to a sandy
alluvium which transmits water more
readily.

27



28

‘1861 ‘g I9qumejldeg ‘wosees jom Ul ([ euoz) Iejinbe [BIAN[[B Ul 8[q83} I838A JO SPMINIY--'F1 eandryg

T3A37 H3L1VM J0 3ANLILTV ANV H3L13NO0Z3Id 60°cZ@

_ *|0A®| WeS UBOW S| WNIEQ ‘1994 € |BAIOIU| JNOIUOCD
‘L6 ‘C 10queldes ‘9|QR) J0)}BM JO OpPN}}|® SMOUS -~ HNOLNOD 3T78VLI-HILYM —iC—

NOILVNVY1dX3

Q0"

TN g’

HILIWOTIN |

o
2
a.
/.“&»

1
-y

otlo

—

SheBl

08,4181

QOOONG



29

‘3861 ‘11 A1eniqeq ‘uosees AIp ur (J] euoz) Iejinbe [erAn([® Ul 8]q®¥} I9jeM JO epnII[y--'Q1 einldiy
T3A37 H31VM 4O 30NLILTY GNY HIL3IWO0Z23Id $9°C @

*|9A®| 898 UBSW 8] WNIBQ 100} € [BAIOIU} JNOJUOD
*Z86L ‘LI A18niqe4 Uj 9|QB) 101BM JO 8PN}|}B SMOYS —- HNOLNOD IT1GVLI-HIALVM == f

NOILVNVY1dX3

TN L 1°N

L 1

HILINOTN L §°

K AT

o-+0

til-m—,OQP

-1,,08,41 .81

20¥ AMH

/90048 OLol8



30

Alluvium (Zone II) (Continued)

The yields to wells developed
in the alluvium are dependent upon
the amount of sand or gravel
penetrated. Well 8 (table 1, fig.
7) for example, reportedly produced
some water from 6 ft of sand and
gravel in bydraulic connection with
the river. Elsewhere in the
valley, sand and or gravel zones
penetrated by wells are thinner,
and yields to wells proportionally
less. Yields (probably not exceed-
ing 150 gal/min) to these wells
from the alluvium probably are
sustaired, not so much by the water
in storage in the sand or gravel,
but by leakage of water to the sand

or gravel from the surrounding
saturated fine-grained alluvial
material, Except as noted above

(well 8), the alluvium of Zone II
does not appear to be a productive
source of water.

Clay and Limestone (Zone III)

Zone III underlies the allu-
vium throughout the lower valley.
It is possible that the narrow part
of the valley upstream of Josefa is
also underlain by Zone III for a
distance of several miles. The
overall thickness of Zone III is as
much as 250 ft, as determined from
seismic surveys. Locally, wells
reportedly have penetrated more
than 350 ft of material assigned to
Zone III. Logs of wells (table 1)
show that Zone III is predominately
clay with beds of limestone that
vary greatly in vertical position

as well as in thickness. Beds of
limestone as much as 50 ft thick
have been reported.

The wells in the wvalley
producing from Zone III obtairn
water from the limestone. Yields

of as much as 500 gal/min or more
have been reported at Central
Igualdad arnd a well at Colonia
Trinidad (well 7. Estimated
transmissivity reported from a
pumping test of well 6 at Colonia
Trinidad was 2,150 ft “/d. (Vivas
Well Corporation, written commun.,
1970). The water was obtained from
about 50 ft of hard limestone.
Other wells drilled into Zone III
that have encountered little or no
limestone, produced water that
contained so much colloidal . or
clay-size material that it was not
useable.

Ground-water levels have been
measured monthly since 1960 in Well
10 at the Mayaguez Airport that is
completed in Zone II1I1. The hydro-
graph of this well from 1978
through part of 1982 is shown in
figure 16. Water levels fluctuated
about 5 ft during the study period,
somewhat greater than the fluctua-
tions observed in the alluvium of
the central part of the valley.
There is apparently poor connection
between the alluvium and Zone III
in this part of the valley, as the
water level in well 10 does not
respond rapidly to rainfall,
although seasonal fluctuations are
evident.



Recharge

Recharge to the alluvial
aquifer (Zone II) is largely from
infiltration of rainfall. Some
recharge also may occur in the
small alluvial fans along the edges
of the valley, where smaller
streams emerge from the mountains.
Such recharge would be minor,
however, in comparison to that
available from rainfall. The
slight fluctuations in water
levels, between the wet and the dry
season, indicate that rainfall
even in the dry season, in 1981-82,
was sufficient to maintain water
levels in the alluvium. It is
doubtful that the excessive rains
in the preceeding wet period had
more than a temporary impact on the
water level in the alluvium. It
appears that the irnfiltration rate
of the alluvium is a limiting
factor and rainfall in excess of
that rate is rejected, as direct
runoff to streams.

The source and amount of
recharge to the clay and limestone
unit (Zone III) is wunknown. Some
of the shallower limestone beds may
receive recharge from the overlying

alluvium. Recharge from the
alluvium to limestone overlain by
clay most likely would be slight.
One possible scurce of recharge
would be from the bedrock where the
limestone adjoins the valley
walls. If Zone TIIJ] extends into
the narrow part of the valley where
the Rio Grande de Afiasco emerges
from the mountains, there may be
recharge to Zone III from the river
through the overlying alluvium.
The 1lack of an increase and at
times a decrease in discharge of

Rio Grande de Anasco between San
Sebastian and El1 Espino during
months of low flow may be an
indication of recharge to the
alluvium and to Zone III 41if it
underlies the alluvium, The
fluctuations of the observation
well at the Mayaguez Airport

indicate that recharge to Zome II1I
is pnot rapid and takes place in an
area remote from the well. When
Well 7 was being drilled, the water
level declined 16 ft when the
principal water-bearing limestone
was encountered, (table 1) showing
that the limestone and alluvium are
hydraulically separated there.
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Figure 16.-—~Water-level fluctuations in well 10 and rainfall
at Mayaguez airport.
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QUALITY OF WATER

Information on the quality of
water in the 1lower valley is

limited principally to surface
water. A number of piezometers
about 10 ft deep were dinstalled

during the study to obtain water
levels and chloride concentrations
of the ground water in the upper
part of the alluvium. Very few
deep wells have been drilled in the
valley and most of these have been
abandoned. As a result, analyses
of the chemistry of the ground
water from the deep water-bearing
zones are limited.

Surface water

Water samples for analysis of
common mineral constituents have
been collected from the Ric Grande
de Anasco at San Sebastian and El
Espino since 1958. 1In this study,
water-quality samples were collec-
ted from the Rio Grande de Afiasco
and its tributaries and from other
streams and drainage ditches within
the valley. The locations of the
sampling sites are shown in figure
7.

The chemical composition of
the surface water from the streams
and canals is similar throughout
the wvalley (table 7). Variations
occur only where there is contamin-
ation from sources such as seawater
encroachment or sewage effluent, or
where the water is from, or has
passed through, swamps. In general
the water contains concentrations
of less than 250 milligrams per
liter (mg/L) dissolved solids;
concentrations range from about 150

to 400 mg/L. From 10 to 20 percent
of the dissolved solids is silica
which ranges from 20 to 45 mg/L in
concentration. The water is
moderately hard to very hard, but
usually has less than 150 mg/L
hardness as CaC0O,. Values of pH
range from 7.1 to”8.6 units, with a
median value of about 7.7 units.
The water is a calcium-magnesium
bicarbonate type. On the basis of
milliequivalents per liter, bicar-
bonate comprises about 80 percent
of the total anions. The concen-
tration of chloride ranged from
less than 10 mg/L in the Rio Grande
de Afasco, to 75 mg/L in some of
the drainage ditches and small
streams, to 1,800 mg/L in Quebrada
Boquillas at Highway 2 (site 13), a
site which is affected by seawater
from Cafio Boquillas.

Specific conductance of water
is a measure of the ability of the
water to conduct an electric
current, Under certain conditions
it is closely related to the sum of
cations or anions as determined
chemically, and usually correlates
directly with the dissolved-sclids
concentrations of the water.
Specific conductance can be readily
and precisely determined and is
very useful in showing short-term
changes in the total mineral
composition of water.

A graphical representation of
the relation of conductance to
concentrations of dissolved solids
and the two major anions, chloride
and bicarbonate, in surface water
in the 1lower valley is shown in
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Surface water (Continued)

figure 17. An approximation of the
concentration of these constituents
can be obtained from conductance by
using the equations shown in figure
17 for the respective constituents,

The Rio Grande de Afasco is
the principal source of surface
water in the valley. A compilation
of analyses of samples collected at

El Espino and Highway 2 between
1979 and 1982, is given in table 8.
At El Espino the water shows little
variation in the common mineral
constituents and physical proper-
ties. The differences Dbetween
maximum and minimum are primarily
related to the volume of streamflow
as 1indicated by the relation of
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Figure 17.--Relation of specific conductance to dissolved
solids, chloride, and bicarbonate in streams
and canals of lower valley, 1981-82.



Surface water (Continued)

discharge to conductance in figure common  constituents shows  the
18. Downstream at Highway 2 influence of saltwater moving up
variations are again primarily the river at times of low flow
related to discharge but the (table 8).

maximum values for several of the

w
o
o

200 . d ¢ o -

100— -

SPECIFIC CONDUCTANCE,
IN MICROMHOS PER CENTIMETER
L]

o | | | | |
o 100 200 300 400 500 600

DISCHARGE, IN CUBIC FEET PER SECOND

Figure 18.--Relation of discharge to specific conductance,
Rfo Grande de Afiasco at El Espino, February
1959 to December 1966.

Table 8.--Compilation of water quality analyses of Rio Grande de ARasco at
Highway 2 at Central Igualdad and at El Espino.

Rio Grande de Afiasco at Rio Grande de Aiiasco
Hwy 2 at Central Igualdad at E1 Espino
Components Maximum | Minimum Mean *N Maximum | Minimum| Mean *N

Specific conductance uS/cm
at 25° 8,500.0 142.0 593.0 | 37 263.0 27.0 213.0 27
pH (Units) 7.8 4.8 7.3 | 37 8.6 7.1 7.7 27
Temperature (Degrees Celsius) 32 20 26.2 | 38 28 21 25.2 27
Oxygen dissolved (Milligrams
per liter) 9.4 0 6.3 | 24 11.4 7 8.3 20
Oxygen demand, biochemical,
5 days, (Milligrams per liters) 330 0 32.8 | 33 4.2 1.3 2.6 4
Coliform, fecal, 0.7UM-MF
(Cols./100 milliliters) 19,000 230 »770 9 28,000 46 4,691 18

® N = Number of observations.
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Table 8.--Compilation of water quality analyses of Rio Grande de Afiasco at Highway 2

at Central Igualdad and at El Espino (Continued).

Rioc Grande de Anasco at
Hwy 2 at Central Igualdad

Rio Grande de Afiasco
at E1 Espino

Components Maximum Minimum Mean | 333 Maximum | Minimum Mean *N
Streptococci fecal, KF agar
(Cols. per 100 Milliliters) 17,000 190 2,860 9 34,000 10 6,673 17
Hardness (Milligrams per liter
as CaCO3) 157 78 103 11 112 65 93.7 15
Calcium, dissolved
(Milligrams per liter as Ca) 43 21 26.8 |10 31 16 25.1 15
Magnesium, dissolved
(Milligrams per liter as Mg) 6.9 190 22.6 | 22 11 3.2 7.0 5
Sodium, dissolved
(Milligrams per liter as Na) 1,600 6.3 88.2 |35 21 6.6 10.8 13
Potassium, dissolved
(Milligrams per liter as K) 90 1.5 6.0 |33 1.9 1.4 1.7 8
Bicarbonate, PPI-FLD
(Milligrams per liter as HCO?) 186 51.0 121 37 156 42 115 21
Sulfate, dissolved
(Milligrams per liter as SOA) 170 3.9 18.7 |36 10 .4 5.7 14
Chloride dissolved
(Milligrams per liter as Cl) 2,600 4.5 136 37 9 4.5 5.7 15
Fluoride, dissolved
(Milligrams per liter as F) 0.40 0 0.14 | 36 0.2 0 0.08 13
Silica, dissolved
(Milligrams per liter as Si02) 38 17 26.9 |35 34 20 28.0 14
Solids, residue at 180 degrees
Celsius, dissolved
(Milligrams per liter) 233 148 179 5 173 160 167 2
Nitrogen-Nitrate, total
(Milligrams per liter as N) 1.4 0 0.64 } 31 1.1 0.05 C.6 15
Nitrogen-ammonia, total
(Milligrams per liter as N) 0.37 0.01 0.15] 31 0.19 0.01 0.06 18
Nitrogen-organic, total
(Milligrams per liter as,N) 6.8 0.09 0.94 | 31 0.79 0.04 0.30 18
Phosphorus, total
(Milligrams per liter as P) 8.5 0.04 0.42] 31 0.63 0.02 0.15 18

* N = Number of observations.
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Saltwater Intrusion

The potential for intrusion of The river discharge was measured at
seawater into the lower reaches of the same time at a site about 500
the: Rio Grande de Anasco was ft upstream from the uppermost
investigated during periods of specific conductance profile
minimum flows. Specific conduc- section °~ (section D-D'). 3'1‘he
tance cross-sections in the river February discharge was 200 ft /s,
channel were determined on two while _in March the discharge was
dates (February 2, 1982 and March 109 ft”/s.

11, 1982). The February profiles
were made during a high tide, while In February conductance
the March profiles were made during measurements were made only at the
low tide. Cross sections were mid-point of the river. The
surveyed in the channel at about saltwater wedge extended upstream
1,000, 2,800, 5,000, and 9,500 ft to a point about 5,000 ft from the
upstream from the mouth (fig. 7). mouth (section C-C' fig. 19).
LEFT EDGE RIGHT EDGE
OF WATER OF WATER
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o_\/ <2 \ -
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Figure 19.—Rio Grande de Afiasco salinity survey during high tide,
February 2, 1982 discharge 200 cubic feet per second,
(specific conductance in microsiemens per centimeter).
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Saltwater Intrusion (Continued)

Maximum conductivity was 1,000
microsiemens per centimeter (uS/cm)
equivalent to a chloride concentra-
tion of approximately 110 m§/L.
Although discharge was 200 ft /s,
the freshwater had a tendency to
slide over the top of the salt-
water wedge, which was driven
upstream by tidal action. The

at section A-A' is well below that
of seawater (about 40,000 uS/cm)
and is evidence that considerable
mixing takes place.

The conductance measurements
made in March were more comprehen-
sive and were taken at several
locations along each cross section

naximum conductance of 6,000 uS/cm (fig. 20). These measurements were
LEFT EDGE
OF WATER RIGHT EDGE
A (LEW) OF WATER A’
o\ (REW) <, —
300 - 350 300 - 35Q
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Figure 20.—~Rio Grande de Afiasco salinity survey during low tide,
March 11, 1982 discharge 109 cubic feet per second.
(Specific conductance in microsiemens per centimeter).



Saltwater Intrusion (Continued)

made at low tide when river dis-
charge was 109 ft”/s. Although
discharge of the river was less
than in February, the falling tide
that occurred prior to the measure-
ments apparently aided in flushing
the saltwater wedge from the
river. Maximum conductivity at
section C-C' was 500 uS/cm, the
equivalent of a chloride concen-
tration of about 55 mg/L.

The results of the specific
conductance profiles show that
seawater intrusion into the lower
reaches of Rio Grande de Anasco is
minimal even during periods of low
flow. The upriver extent of the
saltwater wedge apparently is
related to both the discharge of
the river and tidal action even
though tidal fluctuations are only
a foot or so.

Because the 7-day, 10-year
minimu% flow of the river is about
43 ft /s the saltwater wedge
should at times extend farther
upriver than measured. The
maximum conductance measured at
Highway 2 was 8,500 uS/cm on April
6, 19773at an estimated discharge
of 53 ft”/s. The duration curve of
flow at E1 Espino (fig. 10) indica-
ted that flow would be less than
100 ft”/s about 15 percent of the
time and less than 80 ft~/s about 7
percent of the time. On the basis
of the data available it is un-
likely that the saltwater wedge
will extend upstream farther than
section D-D' (just below Highway 2)
more than 1 or 2 percent of the
time.

On February 3 and March 10,
1982, specific conductance surveys
were made at two other sites in
Cano La Boquilla and Cafio La Puente
to determine the inland movement of

the saltwater wedge.

The measurement at Cano La
Boquilla in February, was made at
low tide, at a time when the mouth
of the Caflo was cpen to the sea.
Freshwater inflow to the Catio was
esgimated to be less than 0.5
ft”/s. At section E-E', 500 ft
upstream from the mouth, conduc~-
tance ranged from 6,000 to 9,000
uS/cem (fig. 21). Top and bottom
conductance measurements elsewhere
in the main body of the Cafio ranged

from 5,000 to 10,000 uS/cm.
Specific conductance in Quebrada
Boquilla at Highway 2, 7,000 ft

upstream from the mouth was 600
uS/cm,

On March 10, specific conduct-
ance measurements were made during
high tide, and at a time when the
mouth of the Catfio was partly closed
by a sandbar. Discharge to the
Canio from Quebrada Boquilla at
Highway 2 was estimated to be less
than 0.5 ft”/s. Specific conduct-
ance at Section E-E' ranged from
21,000 to 40,000 uS/cm (fig.21).
Conductance of water near the
bottom of the Cano approached that
of seawater. Specific conductance
in Quebrada Boquilla at Highway 2
was 16,000 uS/cm. Salinity in the
Cano was affected by inland move-
ment of seawater during high tide,

and also 1likely by the partial
blockage of the mouth, which
allowed seawater to enter but

prevented its being flushed to the
sed.

The mouth of Cafio La Puente
was closed by sandbars during both
measurements. Water in the lower
reaches of the Cario was fresh or
nearly so with specific conductance
ranging from 800 to 1,200 uS/cm.
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Figure 21.--Cafio la Boquilla salinity surveys, February 3, 1982 and
March 10, 1982 Fpeafic conductance in microsiemens

per centimeter.

Ground Water

Ground water quality data
collection was limited to measure-
ment of the concentration of
chloride in water from piezometers
placed in the alluvium of the lower
valley and analyses of water from
one active and several abandoned
production wells.

Chloride concentrations were
usually less than 20 mg/L in the
upper few feet of the saturated
zone in the alluvial aquifer (Zone
I1). Figure 22 shows chloride
concentrations in the alluvium
during a relatively wet period, and
figure 23 shows the chloride
concentrations during the dry part
of the year. In both dry and wet
periods the inland movement of
seawater into the alluvium through
Cafio La Puente and Cafio La Boquilla
is evident. Other areas of high
chloride concentrations are associ-
ated with swamps or marshes and

probably represent concentration of
minerals in the ground water due to
evapotranspiration.

Analyses of water from aban-
doned or active production wells
are given in Table 7. Analyses of
wells 1 to 3 are of water taken by
a thief sampler. Because of
limitations in the sampling techni-

que, the water may or may not
represent ground water at the
sample depth indicated, although
the chemical composition and
concentrations appear reasonable
for depth and 1location. The

chloride concentration in well 1
indicates saltwater encroachment
either through the beach and dune
sands that form the surficial
deposits at the well site or from
upward movement of saltwater from
deeper water-bearing zones penetra-
ted by the well.
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MILLIEQUIVALENTS PER LITER
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Figure 24.--Stiff diagrams of water from selected streams and wells.
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Water Useability (Continued)

Using the SAR relation, falls in the 1low sodium,-low
surface-water and ground-water salinity hazard (Cl1-Sl1) classifica-
analyses were evaluated. Water tion. Water from the limestones is

from the Rio Grande de Afasco at El
Espino and Rio Canas at Highway 342
was consistently the best quality
surface water sampled, falling into
the low sodium, low salinity hazard
classification of irrigation water
(type Cl-S1, fig. 25). Water from

in the low sodium-median salinity
hazard (C2-S1) classification. The
class ratings for the Cl and C2
salinity hazards are as follows:

Low-salinity water (C-1).--can
be used for irrigation with most

the other streams and canals in the crops on most soils with 1little
lower valley falls in the 1low likelihood that soil salinity will
sodium, medium salinity hazard develop.

classification (C2-S1, fig. 25).

Water from Well 1 din the alluvium

water

is contaminated by
accordingly falls

from Well 2,
is similar

VERY
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saltwater and
in
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Figure 25.--Classification of surface and ground

water of lower valley for irrigation.

--can be used if a moderate amount
of leaching occurs.
moderate salt tolerance can grow in
most cases without special practic-
es for salinity control.

Plants with



SUMMARY

The lower valley of the Rio
Grande de Anasco is a flat-lying
alluvial plain of about 10,500
acres bordered by the sea on the
west and by ranges of hills and
mountains on the remaining sides.
The valley has been identified as
having potential for the growing of
rice.

Rainfall at the
Airport, 1located 1in the lower
valley, averaged about 68 in.
annually in the 10 years preceeding
this study. In the upper valley of
the Rio Grande de Afasco, rainfall
averages about 93 in. at Lares and
exceeds 100 in. &nnually in the
mountainous areas mnear the head
waters of the river. Rainfall
shows a definite seasonal trend
with a wet season from May through
September in the lower valley and
May through October in the upper
valley. About 70 percent of the
annual rainfall in the lower valley
occurs during the wet season.

Mayaguez

The lower valley is underlain
by igneous rocks that have been
eroded to depths of 350 ft or more

below sea level. The valley is
filled with 250 ft or more of
limestoene and clay, probably
deposited during the Pleistocene

Epoch. Overlying these depcsits is
as much as 100 ft or more of
alluvium consisting primarily of

silt and clay with occasional beds
of sand or gravel, swamp deposits,
and interfingering beach and dune
sand near the coast.

The Rio Grande de Afiasco is
the major stream flowing through
the valley. Many of the lesser
streams and canals in the lower
valley have slight perennial flow.
Rio Cafias, the largest §ributary,
had a flow of about 5 ft™/s in the
dry season. Flow of the Rio Grande
de Anasco at El1 Espino, where the

river gnters the ]owgf valley, was
100 ft”/s and 200 ft /s at 85 and
50 percent flow duration, respec—
tively, when the stream was gaged
in the early 196C's. Flow wup-
stream, at the long-term gtation
near San Sebastian was 90 ft /s and
190 ft"/s at 85 and 50 percent flow
duration, respectively, for 19
years of record. For practical
purposes, flow to the lower valley
is the amount measured at San
Sebastian. Lowest flilow 1is most
likely tc occur in March, followed
closely by February and April.
Flow in Margh at San Sebasgtidn was
about 65 ft /s and 80 ft” /s at 85

and 50 percent duration, respec-
tively. The 7-day, 10-year fre-
quency ninimum flow at San

Sebastian is about 40 ft7 /s §nd is
estimated to be about 43 ft /s at
Fl Espino.

Flooding in the lower valley

can be extensive. Five major
floods have been recorded since
1899. The greatest occurred in

September 1975 and covered practi-
cally the entire valley. Flood
depths were as much as 21 ft at
Central Igualdad in the center of
the valley. Small overbank floods
(greater than 10,000 ft~/s) occur 3
to 4 times a year.

Water can be obtained from the
alluvium and the limestone. The
fine-grained alluvium will yield
little water to wells; however,
zores of sand or gravel may yield
several hundred gallons per minute
to wells. The limestone reportedly
will yield 500 gal/min or more to

wells. Yields, however, are
erratic. Some wells have penetra-
ted only clay and obtained no
water; others peretrated some

limestone but the water obtaired
contained colledial or clay parti-
cles making the water unfit for
use.
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SUMMARY (Continued)

Recharge to the alluvium is
principally from rainfall on the
land surface. The source and
amount of recharge to the limestone
are unknown. Some of the shallower
limestone beds may receive some
recharge from the overlying allu-
vium. Other sources of recharge
may be where the limestones are in
contact with volcanic rocks along
the margins of the valley, or if
the limestone extends beneath the
alluvium into the upper Rio Grande
de Anasco valley in the vicinity of
El Espino there may be recharge to
the limestone from the river.

The chemigal composition of
the surface water 1is similar
throughout the valley. Dissolved
solids range from about 150 to 400
mg/L; specific conductance, which
has a direct relation to dissolved
solids, ranges from about 200 to
600 uS/cm; pH ranges from about 7.1
to 8.6 units. The water 1is a
calcium magnesium type.

Water from the Rio Grande de
Aflasco at E1 Espino consistently
shows the best quality of any of
the streams or canals. Specific
conductance here ranged between 200
and 250 uS/cm at dis%harges ranging
from 500 to 60 ft /s. Using a

sodium adsorption ratio relation,
water from the Rio Grande de Afiasco
fell in the 1low salinity, 1low
sodium hazard range, whereas water
from the other streams fell in the
medium salinity, low sodium hazard
range.

Saltwater intrusion from the
sea was evident in the Rio Grande
de Anasco and Cano la Boquilla. A
saltwater wedge was observed about
5,000 ft wupstream from the river
mouth in February 1982. The wedge
was 3,000 to 4,000 ft from the
mouth in March 1982. Saltwater was
present in Cafo la Boquilla in
March as far inland as Highway 2.

Ground-water quality was
highly wvariable. Water in the
alluvium, although slightly more

mineralized was similar to that of
the surface water in the adjacent
streams and canals. Water from the
limestone was predominately a
calcium-bicarbonate water, but
showed strong sodium= chloride
tendencies. Two samples of water
from the limestone ranked as medium
salinity hazard and 1low sodium
hazard in the classification of
irrigation water.
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