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HYDRCGEOLDGY OF THE PRINCIPAL SPRINGS ‘ 1
IN PUERTS RICO

3y

Sanen Guzman Rios

A3STRACT

Ths hydrogeology of the principal springs throughout Puarto Rico was
investigated from 1932~84. Seventeen springs were included in the study
designad to determine the flow, chamical, physical and bactericlogical
characteristics of the springwater. Most of the springs (14) are locsa~
tad along tha north coast limestone area. Two springs in the south
coast have tharmal properties. Maximum springflow occurs at San Pedro
Spring near Arecibos, where as much as 29 cubic faat par sacond (about
19 milion gallons per day) are discharged. Avarage total availabla
springflow from thae 17 springs is about 3§ cubic feet per seacond {about
23.5 million gallons per day). Calcium, bicarbonate, sodiums chloride,
and sulfata are the principal ions in springwater. Water from mast of
the springs along the nerth coast are of the calcium—magnesium~bicarbo~
nate type. Several springs in coastal areas are affacted by saawater
intrusien and the watars are of the sodium—chloridas type. Banos da
Coamo near Coamo are the most important thermal springs, discharging
from 40,000 to 100,000 gallons par day. Temperature of the thermal wsa-
ter averages 43 degrees Centigrade. Fecal coliform and facal streptoco-
cci bacteria are prasent in most of the springs in concantrations
ranging from 0 to 1900 colonies per 100 milliliters of sample.

INTRODUCTION

There are a large number of springs throughout Puarts Rico, some of
which discharge significant amounts of fresh and salins water. The
springs are a valuable natural rescurce that could ba utilizaed %o
supplement other domestic water—supply sources or usad for recreational
purposes.

uUntil recently, the magnituds of the flow and quality of the water
from the springs in Puerto Rico had nat baeen investigated in detail. In
1982, in cooperation with the Water Resources Research Institute of tha
Yniversity of Puerto Rico (WRRI-UPR) and the Department af Natural
Resourcesr the US Geological Survey began a two~year study of tha hy-
dralogy and geochemistry of the principal springs in the Island. Preli-
minary results of the data collected through 1983 were published in tha
report "paconnaissance of the Principal Springs of Puerto Ricor 1982~
33" (Guzman—Riosrs 1983, This report summarizes the data collected
during the project including interpratations of +the hydrology and
geochemistry of the springs selected for the investigation,



PURPGSE AND SCOPE 2

The principal objectives of the investigation were:

1. To determine the principal physical, chemicals and bactariologi-
cal characteristics of samples of water from thsa springs.

2. To measure thea instantaneous discharge from the springs at
diffarent times during the year and determine any seasonal variations.

3. At selected springs, toc measure spring discharge on a continucs
bagis.

Previous investigations by Giusti (1978) had demonstrated that the-
re are virtually hundreds of springs throughout Puarto Rico. The
majority of the springs occur along the north—coast limestone belt
from San Juan to Aguadilla. A field reconnaissance in 1982 showad
that unless a criteria was aestablished as to which springs would bae
included in the project, the resocurces available would be inadeguatas
to accomplish tha objectives. Only those springs +that discharged
more than 0.01 ft3/s (about 6,500 gal/d) were selected. Seventesn
(17) springs were included on the basis of ¢this criteria. It is
important <to recognize +that the limitations of the project may have
precluded the inclusion of springs either difficult to access or
dnknowun to the investigator.

The locations of the springs included in the survey relative to tha
geologic formations of Puerto Rico are shown in figure 1. Fourtesn (14)
of the springs occur within the limestone formations of the north
coast. An arbitrary numbering system wmas utilized to identify the
springs in this raport, The spring closer to the USGS District Office
in San Juan was assigned the number one (1). Numbering of the springs
procaeds in a counterclockwise direction around the Island. Latitude~
longitude identifiers were determined and are included in table 1 with
the common name of sach spring.
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Tabls 1= Latitudar longitude and name of principal sorings in
Puerto Rico,.

IMAP  LATITUDE/ | SPRING

INO]  LONGITUDE | NAME

182446661555 |MAGUAYO SPRING AT HWY 493 NEAR DORADO, PR
182657662506 |DJO DE AGUA SPRING AT YEGA BAJA, PR
182004662638 |0JO DE AGUA AT TORRECILLAS NEAR MOROVIS., PR
182019562853 |REPRESA SCNADCRA DE CIALES AT CIALES, PR
182218662910 |AGUAS FRIAS SPRING NEAR CIALES, PR
182541663136 |0J0 DE GUILLD SPRING NEAR MANATI, PR
182825663553 |LA CAMBIJA SPRING AT CANDO TIBURONES, PR
182724663920 [ZANJA FRIA SPRING AT CANO TISURONES, PR
182435664145 |SAN PEDRO SPRING NEAR ARECIBO, PR

182344665344 |SUMBACORA SPRING AT LOS PUSRTOS NEAR CAMUY, PR
182410664743 |SONADCRA SPRING NEAR CAMUY, PR

1823594864816 JTIZURON SPRING NEAR CAMUY., PR

182006665646 }SALTO COLLAZO SPRING NEAR SAN SEBASTIAN, PR
182602670917 |0JO DE AGUA SPRING AT AGUADILLA, PR
180543865650 [P020 DE LA VIRGEN SPRING NEAR SABANA GRANDE, P
180224663642 J8ANOS QUINTANA NEAR PONCE, PR

180219662225 ]|3ANOS DE COAMC NEAR COAMO, PR

. e e s oot et i . i i e S S o e e
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HYDROGEOQOLOGIC SETTING
Thae Origin of Springs in Puarto Rico

Springs occur in many forms and have bean classified as to the
sources Ccauses, discharge, temperature, and variability. Springs may
have their origin by volcanic activity, rock fissures, depressions in
the terraines artesian conditionss, contact batzeen formations of
difforent porositys, solution channels, or fractures in the rocks. Ths
water discharging from springs is ona element in the hydrologic cycle
(fige 2)« NWater that infiltrates toc the ground may eventually be
discharged as springflow. Springs that originate from volcanic activity
and associated fracturess, or under artesian conditions result from non-
aravitational forces. In the case of a volcanor, the thermal anergy in
the volcanic core may overheat the ground water in the vicinity result-
ing in pressure gradients that may force the water to the surface.
Similar conditions may produce springs from fissures. Thermal springs
may also be produced by charical reactions {(nuclear and non-nuclear)
welow tha surface. Energy-producing resactions {(exothermic) may heat the
ground water, which may escape to tha surfaca through fissurass due to
the temperature-pressure gradient. Oeprassionr, contact, artesians, and
solution—=tubular springs are gravity springs affaected by hydrostatic
pressures. 3prings that flow in a land deprassion may intercespt the
water table. Contact springs result from the difference in porosity
hetwsen two adjoining geologic formations. Water moving from a forma-
tion of higher porosity to one less permeabla may be unable to
infiltrate inte the lower formaticns discharging to the surface in
response to building heads. Artesian springs result from the head-
building effacts of a confining 1layer on an aquifer. In an artesian
systam a haad of water builds up until it reaches a discharge point at
an elevation equal to the hydrostatic head. A fissure or fracture in
the rocks may be the outlet for an artaesian spring. Tubular or solution
channel springs occur when the aguifer or soil material is easily
dissolved, creating a3 pathmay for mater to discharge to the surface.
Hydrostatic head is still required to produce the flow. In Puertec Ricor
4ith the excaption of volcanic springs, most of the other types occur.

Thea principal springs in Puerto Rico occur mostly in limsstone or
volcanic rocks. Along the north coasts whera <the averags annual
pracipitation is about 70 in/year, springflox occurs from each of the
limestone formations described by Monros (1980). In the south coast
an annual average pracipitation of about 35 inches, combined with
aguifers consisting principally of thick alluvial deposits, 1limits the
formation of springs.
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Principal Springs of the North Coast 7
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The springs aof the north coast appear to be associated with the
various limastone formations. Tha limestone formations of +thsz north
coast (fig. 3) occupy an area of about 900 mi2 hetween San Juan and
Aguadilla. The San Sebastian formation., although not entirely composed
of limestone rocks, underliaes all the othear limestone formations
(Monroer, 1978). Layers of poorly cemented clay, siltstone, sandstoner
conglomerates, and shale jinterbed amith limastens. The farmation has a
low permeability and in many arasas acts as a confining layer. Tha
spring Ojo de Agua at Torraecilla (map number 3 in fige. 1) flows at thea
contact between tha San Sebastian Formation and the overlaying Lares
Limestone.

Threa of the most important springs in Puerto Rico flos from the
Lares limestone formation. Reprasa Sonadora Spring near Ciales, Aguas
Frias Spring near Cialss, and Salto Collazo Spring near 3San Sabastian
{map numbers 4, S5, and 13) flow from rocks within the Lares Limestona.
Sonadora and Saltoe Collazo sorings flow from the vicinity of the
contact with +the San Sasbastian Formations and may result from ths
differences in permeabilities boetwsen the two geologic formations.
The rocks of the Lares Limestone are mostly pure calcium carhonate
{CaC03) with varying permeability, but in gensral much more transmi-—
3sive than the San Sabastian Formation (Giusti, 1978).

Two springs near Camuy (Sonadora and Tiburon) and ane of the
largest springs in the Island (San Pedro near Arecibo) amergs from
rocks within the Cibao Formation (fig. 1). The Cibao Formation exhibit
the most variable permeability characteristics of the area. The rocks
ars nearly impermeable in some areas, acting as confining layers to the
artesian aguifer near Barceloneta (Giusti, 1973). Ths Montebello Lime-
stone Member of the Cibaoc Formation ({(Monroes 1980) is one of the most
productive artesian zones of the north coast. The springs flowing from
the Cibao Formation are not artesian and appsar to result from difaraen-
€9s in permeability between limestona beds.

Sumbadora 3Spring near Camuy and Maguayo Spring near Dorade {map
numbers 1 and 10, fig. 1) flow from the rocks of the Aguada Limes tone.
The Aguada Limestcne is generally a hard-thick—bedded layer of clayey
limestone with fair to poor permeability. The springs amanate from ths
vicinity of the contact with the overlaying Aymamon Limestone.

The most important springs along the north coast flow from the
rocks of the Aymamon Limestone or its contact with the Aguada Limssto-
ne. 0Ojo de Agua naar Vegs Bajar O0Jjo de Guillc near Manati, La Cambija
and Zanja Fria at Cano Tiburoness and 0jo de Agua near Aguadilla (map
numbers 2, &, 7, 8, and 14) flow from these formations. The Aymamon
Limestone is the most permeable of the limestena formations of tha
north coast. Secondary permeability duas to asrior erosion and waathar—
ing, sinkholes, and solution channels  abound in tha outcrops of the
formation. Four of the springs flowing from the Aymamon (map numbers 2,
4, 7, B) are located near the contact zone with the blanket deposits
that overlie the area in the coastal plains. 0jo de Agua near Aguadilla
flows in an area alevated over the rest of the formationr close to the
ocean and the natural zonas of discharge of the aquifer {(Giusti, 1973).
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Principal Springs of the South Coast 9
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The othar threa springs included in the investigation flow from
volcanic rocks along the south coast of Puerto Rico. Springflom along
ths south coast is limited by the laesser pracipitation as comparesd to
the north coast. Tuwo of the springs (3anos de Quintana near Ponce and
Banos ds Coamc naar Coamor, {map numbers 16 and 17) have tharmal
proparties. The origin of thaese springs is unknouwn, although several
hypothasis have bean postulated. Giusti (1973) suggestad that tha na-
tural temperature gradient of the aarth could be the source of the heat
in the watar from these springs. Fractures or faults in the volcanic
rocks to a depth of 4-5,000 ft could ba acting as a conduit to trans-
port the water from ths recharge area at ths surfacs. Ground uwsater
would emarge downgradient from the recharge area in a similar manner
but at a higher tamparature reflacting the depth reached. The spring-
flow is produced by the difference in head between the recharge and
dischargas areas and temperature-proessure differentials. The seacond hy-~
pothasis suggasts that a chemical reaction could be occurring with a
larges amount of heat been ganerated and absorbed by thes water. Another
nossibility suggests that the springflow could be of meteoric origin.
According to Monroe (1978) in late Dligocene Times, the Puerta Rican
platform subsided below mean sea lavel. Faults and fractures containing
frashsater may be undergoing dewataring by <the buoyant force of the
migrating seawater sorrounding the subsided mass.

The Pozo de la Virgen Spring near Sabana Grande (map number 13) is
a small spring that is intermittent during periods of lows rainfall. The
spring 1is locatad within the volcanics of cantral Pusrto Rico. Its
ephemeral flow indicatas that it originates from small fractures reple-
nished by raeacharge from rainfall. It is more important as an atraction
%o religious groups than as a potential water re3ource.



CHEMICAL, PHYSICAL, AND BACTERIOLOGICAL CMARACTERISTICS 10

OF SPRING-WATERS

Methods and Procedurass

dater samples at sach of the springs included in the investigation
wore collected at least twice during the study period. The samplas waras
collacted as close to the spring”s source as possible utilizing me thods
described by Wood {1976). Determinations made in the field included pH,
specific conductancers temperaturer, alkalinitys, and concentration of tha
coliform group ¢f bDacteria. Raw samples were filtered at the sits and
praserved for further analyses according to procedures dascribed by
3rown and others (1970). The samples wers analyzed at the USGS Central
Laboratory in Doraviller Georgia for most common ions (Car Mg, Na, K,
Cls, 304, F, Si02, 8r), +trace slements (Al, As, B8a, Bes, 3, Cds Cr, Cos
Cur Fer, Pbs Lis Mn, Hgsr Mo, Ses Srs V., In), and nutrients (N total.,
NQ2, NO3, NH&, P, Samples for organic carbon analyses werws also
collected at each sitas. Procedures described by Greeson and othars
(1971) wera used for the collection and analyses of +the bacteria
samples. Incubation of the bacteria samploes was begun at tha site
within minutes after collection and filtration.

Springflow measurements were made at most of the springs at least
five times during the study period. Methods described by Rantz and
Jthers (1983) were utilized for the flow masuremants. At three of the
springs (0jo del Agua at Vega Baja, San Pedro near Arecibo, and Banos
da Coamo near foamo) recording devices were installed to measure the
springflow on a continuos basis. The temperature and specific conduc—
tancs a the Banos de Coamo spring was also monitored on a continuous
basis with a racording instrument.

Physical Characteristics

—— - A ——

Springtlow

Flow magnitude is the most important physical characteristic of a
spring for development as a water-supply sourca. A system for classi-
fication of springs on the basis of the magnituds of the discharge was
developed by Meinzar (1927). An order of magnituds from 1 to B8 was
assigned on the bhasis of the flow as follows:



ORDER CF MAGNITUDE AMQUNT OF FLOW

ft3/s 11

i 1 > 100-— -

2 10 to 100

3 1 to 10

4 0.22 to 1.0

5 0402 to 0.22

5 0.002 %0 0.02

7 < 0.002

8 < 0.0002

On the basis of tha above classification systems, the following is
the breakdown for the principal springs in Puerto Rico:

DRDER OF NUMBER DF
MAGNITUDE SPRINGS
3 é
4 5
5 4
& 2

Except for the Pozo deo la VYirgen Soring near 3abana Grande (map
number 15), all of the springs were perennial during tha study period
{(app. 1)« Interviews with local residents indicate that perennial flow
appears to prevail even during long droughts. Along the north coast,
thes abundance and uniformity of rainfall is probably the main factor
for maintaining perennial flow conditions. The flouw of the thermal
springs of the south coast must respond to other factors than precipi-
tation, as they are not affected significantly by limited rainfall.

Springflow in general varies ssasonally in response to precipita~
tion. Data from the recaording instruments at the gaged springs, as
wall as the instantaneous mesurements at the other springs, show ssaso~
nal fluctuations., At Q0jo del Agua at Vega Baja (map number 2) the mean
daily flow ranged from D.20 to 7.3 ft3/s (app. 2 and fig. &). Spring—
flow was maximum during the rainy ssason (Jctober to December), declin-
ing thare after. In sarly May springflow increased in response to higher
rainfall recharge.



ITrrTrT T T 7 T T
™
]
i'\
o
w
o
<
=
-
o
—— m —t—
!
|
H
. 1 pa—
[
‘\
| é, |
J
LB | il 41 |
= < -
™ - c

GNOD3S H3d L334 218ND NI 'IDHVHOSIA

NOV DEC JAN FEB MAR APR MAY JUNE

0CT

Figure 4.- Springflow at Ojo de Agua at Vega Baja.

12



13

At the San Pedro Spring near Arecibor maean daily flows rangad from
3.1 to 28 ¥t3/s (app. 3 and fig.5). Seasonal oeaffects of rainfall ars
also evident at ths spring. Tha San Pedro spring is also affected by
high stages at Rio Tanama, located a feuw hundred foet from the spring
autlet. A comparison of the flouw at the spring and at the Rio Tanama
near Utuado and at Charco Hondo gaging stations show a graphical
correlation batwean the stream and the spring (fig. ). The Tanama Ri-
ver drains through the Aymamon Limestone, where cavitiss and under—
ground sections of the river occur. A hydraulic or hydrostatic connec—-
tion between the river and the spring could exist at high stages. Tha
affacts of high stages (or tides) combined with high pressuras systams
are known to affect an aquifer through compression of the pora Spaces.
The reduction in the amount of pore space may force watesr from the
aquifer, increasing the yield of springs. High stages may act as back-
vaters, reducing the spring’s yisld. A spring connected hydraulically
to 2 sediment ladden river will discharge turbhid water during high
stage periods. Also in areas where sinkholes aexist, runoff from blanket
sands deposits containing suspended sediment may be conveyed to nearby
springs. This has been observed at 0jo de Guillo near Manati and Aguas
Friasz near Ciales.

Springflow can also be affacted by sarthquakes in aresas whers
faults or fractures are the main source of the watar. 5eismic movements
can increadse or decrease the hydraulic coennections betuaen opanings.
Preliminary data from the B3anos de Coamo spring suggests that the
earthquake of 30 June 1984 significantly incroeased the flow from the
springs. Prior to the earthquaker the average discharge mas about &0
gal/min, A mesurement on 10 July 1984 resulted in a discharge of 110
gal/min. The number of saeeps in the spring”s area increased significan-
tly after the sarthquake. Howevers, termination of tha project pravented
final confirmation of +this effect. Mean daily flows from 32,000 to”
80,000 gallons per day in thae period of record {app. 4 and fig. 7).

Specific Conductance, pH, and Temperature

The specific conductancer pHs, and tamperature ares among the most
important physical properties in determining thea suitability of springs
as a water—supply source. The specific conductance provides an indirect
estimate of the concentration of dissolved solids in water, while the
pH provides information about the acidity or alkalinity of the sample.
Temperature is an important factor not only wehen investigating thermal
waters, but also it can provide information on the source of water to a
well or spring.

Thae specific conductance of the springs investigated ranged from
360 to 12,100 micromhos per centimeter (umhos/cm). The ranga indicates
that most of the springs resembls ground wmater from the areas whare
they flow. Migh specific conductance values at the La Cambija and Zanja
Fria springs at Cano YTiburones indicate that some saltwater occurs in
the adjacent surficial sediments. A recant investigation (VY.Quinones-
Aponte, personal communication) indicatas that these springs receive
flow from Rio Grande de Arecibo. A relatively high specific conductance
in waters from Banos Quintana spring near Ponce could be due to connate
saltwater in the aguifaer. At Banos de Coamo springs, chemical spacies
other than those relatad to seawater account for a large portion of the
high dissolved solids. This is discussed in another section of tha
report,
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LDISCHARGE, IN CUBIC FEET PER SEGCOND

RAINFALL, IN INCHES

100

10
100

10

100

10

15

RIO TANAMA NEAR UTUADO,P.R.

i

SAN PEDRO SPRING NEAR ARECIBO, P.R.

RIO TANAMA AT CHARCO HONDO, P.R.

MAR APR

|

JAN

OCT NOV DEGC FEB MAY JUNE

Figure 6.~ Comparison of rainfall and discharge at Rio Tanama near Utuado,
San Pedro Spring near Arecibo and Rio Tanama at Charco Hondo.
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The pH of the water from the springs rangsd from slightly acid to
mnoderate alkaline { 9.7 to 9.3 pH units). The springs alocng the north
coast contain high concentrations of calcium carbonater which provide a
high buffering capacity and maintains the pH of the waters in tha
slightly alkaline range. Waters from the tharmal springs at Ponce and
near Coame contain high concentrations of sulfates, and boron. Thesa
constituents form complaxes that increase the pH value by hydrolysis
and formation of ueak hases.

The temperatures of the springs other than those with thermal waters
varied over a narroa range. Seasonal fluctuations were only a few
degress, with tenperatures of the water ressambling air temperaturas.
The near uniform tamperatures in Puerto Rico account for this condition.

At the Banos de Coamo thermal springss data from the specific
conductancea continuous recorder show nearly constant values {app. 5).
Daily fluctuations in the water temperature are minimal and probably
associated with changes in air temperature that affact thes watar from
tha point of emergance to the sampling location, The specific con-
ductance is nearly equal to any instantaneous valyes collectad during
prior samplings.

The average daily temperature of the water at the Banos da Coamo
near Coamo Springs ranged from 42.5 to 43.0 degrees Cantigrade (app. 6).
Comparison with the historical data colloected by Giusti (1973) does not
show any significant change in the temperature of the water. At Janos
Quintana near Ponces, instantansous temperaturs measuraements rangad from
I1 to 32 dagrees Centigrade.

Chemical Charactaristics

Calciums chloride, sodiumys and sulfate are the principal ions in
spring waters throughout Puerto Rico. Calcium concentrations range
from 30 mg/L at Pozo de La Virgen to 220 mg/L at Bamos de Coamo
{app. B¢ 7). Among the springs in the north coast, the calcium concen~—
tration ranged from 81 to 130 mg/l. These concentrations are very simi-
lar to thaose of ground water samples collacted by Giusti (1973). At
most of the springss, supersaturation of calcium carbonate (CaC03)
accurss and pracipitation of the solid phase is evideant. At Banos da
Coamor seawater does not appear to be the source of calcium (as demons-
trated in a later section of this report).

Chloride concentrations in water detarmine the suitability of the
wsater for various wuses, Among the springs investigated, chloride
concantrations ranged from 6.7 mg/L at Salto Collazo neoar San Sebastian
to 3,300 mg/L at La Cambija at Cano Tiburones. Howsver, the samples
collascted at La Cambija spring may have been affacted by seawater back-
ing from the Salty Cano Tiburones into the spring opening. In addition
to the La Cambiia spring, the Zanja Fria at Cano Tiburones (200 mg/L),
Banos de Quintana near Ponce (260 mg/L), and Banos de Coamo near Coamo
springs also contain water with high chloride concentratians (140 mg/l).

The ratio ¢f chloride 1in springwater as compared to sea water can
ha used as an indicator of the degres of mixing betuesen fresh and sea
waters. These ratios are 0.02 for the Zanja Fria and D0.10 at La Cambi-
Ja. Similar ratios of other ions such as boron sulfate can also be used
with the chloride ratio to establish whether seawater is the source of
the ions. Ratios of these elaments and sulfate ions in the two springs
ares as follows:
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Chloride 0.02 0.10
3oron 0.02 0.08

Sulfats J0.02 0.10

The similarity of tha ratios show that the springs are discharging
near the fresh-seawater interface. Most of the other springs along the
north coast are further inland and sxhibit chloride concentrations
typical of ground water.

Sodium ion concentrations parallel those of chlorides mainly because
its chemical association in sodium chloride from ssasater. Unbalancaed
sodium concentrations from some of the spring-waters could be due to
ion exchange reactions. In such reactions alkaline substances such as
CaCd3 can exchange ions with solid species sych as clay minerals. The
calcium ion is then liberated into the solution.

Sulfate ion is the next most important dissolved constituent in
spring wmatars in Puerto Rico. The source of sulfate in ground or spring
vaters is usually from seawater intrusion or contamination from sawags
discharges. Ocassionally, minerals in the rocks may yield high sulfate
concantrations. Gypsum (LaS04) and Sodium Sulfats (Na2504) deposits can
be a source of sulfate ions in ground water. Sulfate concentrations
rangs from 3 mg/L at Aguas Frias near Ciales to 1000 mg/L at Banos da
Coamo. High sulfate concentrations are also presant at La Cambija and
ianja Fria, springs affected by sewater intrusion.

An analisis of the ratios of chlorider borons strontiume and sulfate
ions for the Banes de Coamo and Banos de Quintana thermal springs
compared to seawater shows the following:

RATIO OF ELSMENT CONCENTRATION
IN SPRING TC SEAWATER

== - - !

1 CONSTITUENT | 8anos Coamo | Banos Quintanal

ohteras  ooor one
3oron 0.543 0.283
Strontium 0.200 0.125
Sulfats 0.370 0.111

- ——

If thae discharges from these springs were a mixture with seawater,
these ratios should be abeut the same as determinaed for Zanja Fria and
La Cambija springs. The concentration of boron in seawater is about
4,600 ug/L. The ratios above show that at Banos de Coamor if the 3oreon
was from seawater an ion such as chloride should have a concentration
of about 10,000 mg/L. It is evident then that seawater is not a compo-
nent in the thermal springs. High concentrations of borons sulfatesr and
other constituents are probably from minerals in volcanic rocks. Simi-
lar concentrations have been observed in other thermal springs in Neva-
da and California (Hem, 1970).
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Other ions of importance in spring-waters include silica (5i023«

bicarbonate (HCD03-) and magnesium {Mg). Spring-waters throughout

Pueartc Rico are generally moderataly hards, with Cal03 hardness valuas

ranging from 170 te 1,400 mg/L, but with a madian value of about 223
mg/lLa

Nutrisnts (nitrogen and phasphorus) and organic carbon can be used

as an indicator of contamination of ground waters. Spring waters in
Puarto Rico contain relatively high concentrations of nitrogens but low
phosphorus and organic carbon levels. The highest nitrogen concentra—

tions wera measured at 0jo de Agua near VYega Baja (5.9 mg/L), 0Qjo de
Guillo near Manasti (3.4 mg/L), and Djo de Agua near Aguadilla (3.1
mg/L)e These springs are in the wvicinity of highly urbanized areas
shera the potential for contamination sith seuage is high. Field inves-
tigations at Ojo de Guillo mear Manati indicates that sewage from thsa
sewage~treatment plant near the touwn of Florida could be flowing into
the spring. The partially treated sewage from thes plant is discharged
into a sinkhole. Drainage patterns from the area indicate the presence
of an ancient channel that could connect <the spring and the sinkhole.
Fiald cbservations at the spring opening showsd algal growth and gray-
turbid water typical of sewage. Lrustaceans and other aquatic life are
killed occasionally by what appear to be slugs of chlorine or other
disinfectants. '

Analysas of trace elements indicate that with the excesption of tha
thermal springss,s concentrations are in general low and typical of
ground-waters. The highest boron concentrations ranged from 90 ug/L at
lanja Fria to 250C ug/L at Banos de Coamo springs.

The genaral chemical character of the waters from the springs inves-—
tigated was defined utilizing "Stiff" diagrams (Hem, 1970). Tha diagram
summarizes the concentration of the principal dissolvad ions in terms
oaf milliaquivalents per liter (mes/L) on an x—axis. The specific ions
are plotted on thae y—axis on an established order. The plotted points
are joined by straight sagmentsr, resulting in a gaometrical figure
characteristic of the particular watsr, Different waters will he repre-
santed by diffarent shapes in the geometrical pattern (figa. 8).

The diagrams show that the chemistry of spring watars in Pusrto Rico
is dominatad by calcium=magnesium—bicarbonats ions. As gsther indicators
show, waters from springs along the north ctoast (except those affescted
by sewatar) are vary similar. At La Cambijar Zanja Friar and Banos de
Juintanar sodium—chloride type waters are predominant, The third type
of water among the springs occurs at Banos de Coamor, where a sodium—
sulfata type of water is discharged.

The guality of the water from the springs in Puerto Rico does not
vary significantly @ith time, Conmparison of <tho data collaected hy
Giusti along the north coast {(Giustir 197%), and at Banos de Coamo
(Giusti, 1973) show that the chemical character of tha water has not
changed significantly. Seasonal variations at springs affected by
saline water probably occur in rasponsa ta pumpage and rechargs.
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3acteriological Charzcteristics

Facal coliform (FC) and facal streptococci (FS) bacteria arae presant
in most of the spring waters throughout Pusrto Rico. Concentrations of
®C bactsria range from 4 to 1900 colonises per 100 ml sample. Tha F5S
concentrations range from 1 to 2,200 colonies per 100 ml sample. Excopt
for the Aguas Frias near Ciales and the Pozo da la Virgen n2ar Sabana
Grande springss tha bacteria concentrations are relatively low. At Pozo
de la Virgen, a colony of pigeons breeding in the vicinity of the
spring opening is probably the cause of the high bacteria concentra-
tions. A rookery of birds is located close to tha Aguas Frias springs
probably accounting for the high bacteria levels.
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CONCLUSTIONS

Rasults of a 2-yoar investigation of the principal springs through=-
out Puerto Rico show the following:

1a Saventeen springs were included in the investigation on thae
basis of the amount of springflew. At thaese springs, average daily
flow exceeds 6,400 gal/d.

2= Tha most important springs in terms of flow are locatad
along the north coast. San Psadro near Arscibo and Aguas Frias near
Cialas normally discharge in axcess of 3 ft3/s (about 2 Mgal/d).
Maximum discharge was observed at San Pedro spring, with a daily
average of 29 ft3/s (about 19 Mgal/d).

3« Thae total amount of springflow available from springs
throughout Puerto Rico may be as much as 50 ft3/s (about 32 Mgal/d).
Thisrmould include known springs not included in this survey.

4« Thermal wmaters flow from the Sanos de Quintana near Ponce
and Banos de Coamo near Coamo springs. Flow from tha Banos da
Quintana saldom exceeds 0,03 f33/s (0.02 Ngal/d) with a tamperatura
of about 32 degrees Cantigrade. Flow at Banos da Coamo ranges from
40,000 <to 110,000 gal/d with an averaga temperature of about 43
degreas Ceantigrade.

5« Tha qguality of the uwater from the springs is related to
their location. Most of the springs along the north coast exhibhit
axcellent quality of water with calcium~magnesium-bicarbonats tha
principal ions in solution. Several springs in coastal swampy araas
ares affected by sea water ancroachment, with waters prasdominantly
of the sodium—chloride type. Waters from the Banos de Loamo spring
contain high dissolved sulfate concantrations and are mainly a
sodium—sulfate type of water.

6« Bacteriological analysaes show that facal coliform and fecal

streptococci bacteria are present in most springs at low to moderate
concantrations.
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