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Low-Flow Characteristics at Selected Sites on 
Streams in Southern and Western Puerto Rico
By Luis Santiago-Rivera

ABSTRACT

Knowledge of the magnitude and frequency 
of low flows is important for the optimal 
development of surface-water resources in Puerto 
Rico. This report presents analyses of low-flow 
data for 9 continuous-record gaging stations and 
105 partial-record stations in southern and western 
Puerto Rico. The report includes analyses of low- 
flow data and tabulations of computed low-flow 
magnitude and frequency characteristics for 7-, 14-, 
30-, 60-, and 90-consecutive days with recurrence 
intervals of 2 and 10 years for continuous-record 
gaging stations based on the log-Pearson Type III 
frequency distribution or graphically adjusted log- 
Pearson frequency curves. Estimates of low-flow 
characteristics are provided for partial-record 
stations for 7-, 14-, and 30-consecutive days with 
recurrence intervals of 2 and 10 years. Low-flow 
characteristics at partial-record stations were 
estimated based on the relation of base-flow 
discharge measurements at the partial-record 
stations and concurrent discharges at nearby 
continuous-record stations.

INTRODUCTION

A thorough analysis of low-flow magnitude and 
frequency characteristics of selected streams in Puerto 
Rico is necessary because of the increasing demand 
upon surface-water resources by industrial and public 
users, and the legal requirements for pollution control. 
As water demand and waste discharges to streams 
increase, knowledge of low-flow characteristics of

streams becomes increasingly important. Low-flow 
information can be used as an index for water- 
management regulations, to assess the water-supply 
potential, and to adequately evaluate the capacity of the 
stream to receive waste loads. A good understanding of 
minimum streamflow characteristics is also vital to 
preserve aquatic and wildlife habitats.

Low-flow discharge data for streams in Puerto 
Rico have been collected over a number of years. Low- 
flow characteristics have been published in reports by 
Cobb (1978), Colon-Dieppa and Quinones-Aponte 
(1985), and Santiago-Rivera (1992). Since these studies 
were completed, additional streamflow data have been 
collected at continuous-record stations.

PURPOSE AND SCOPE

The purpose of this report is to present estimates 
of low-flow magnitude and frequency at selected sites on 
streams in southern and western Puerto Rico (fig. 1). In 
response to increasing needs for low-flow information, 
the U.S. Geological Survey (USGS), in cooperation with 
the Puerto Rico Aqueduct and Sewer Authority 
(PRASA) and the Puerto Rico Environmental Quality 
Board (PREQB) began a long-range study in 1983 to 
estimate low flows of streams in Puerto Rico.

The low-flow network in southern and western 
Puerto Rico includes 9 long-term continuous-record 
gaging stations (fig. 2) with at least 10 years of record, 
and 105 partial-record stations (fig. 3). These stations 
are fairly well distributed throughout southern and 
western Puerto Rico. Long-term continuous-record 
streamflow-gaging stations are sites where daily flow 
data are systematically collected over a period of 10 or 
more years. Gaging stations with less than 10 years of

Purpose and Scope
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record (short-term continuous-record station) were 
analyzed as partial-record stations. Low-flow partial- 
record stations are streamflow sites where periodic 
discharge measurements are made during different base- 
flow recessions over several years. Continuous- and 
partial-record stations were measured at least twice a 
year during base-flow periods for a total of eight 
discharge measurements per station in 4 years. The 
study includes low-flow frequency analyses for periods 
of 7-, 14-, 30-, 60-, and 90-consecutive days for 
recurrence intervals of 2 and 10 years at continuous- 
record stations and estimates of low-flow frequency 
characteristics for 7-, 14-, and 30-consecutive days with 
recurrence intervals of 2 and 10 years at selected partial- 
record stations.

DESCRIPTION OF STUDY AREA

The study area covers the southern and western 
parts of Puerto Rico from the town of Guayama in the 
southeast to the town of Aguada in the northwest (fig. 1). 
The south coastal area, extending from Guayama to 
Cabo Rojo and south of the Cordillera Central is the 
driest region in Puerto Rico. Located within this area is 
the Valle de Lajas, which has the lowest annual rainfall 
average (35 inches per year) in Puerto Rico.

The Cordillera Central mountain range is the most 
prominent topographic feature and the wettest (100 
inches per year) region in the study area. This mountain 
range extends the entire length of Puerto Rico from the 
town of Yabucoa on the east coast to the town of 
Mayagiiez on the west coast.

The Rio Grande de Afiasco with a drainage area 
about 204 mi2 is the largest basin in southern and 
western Puerto Rico. Located within this basin are the 
Lago Yahuecas (17 mi2), Lago Guayo (9.6 mi2), and 
Lago Prieto (9.6 mi2) reservoirs. The total drainage area 
of these reservoirs (36.2 mi2) does not contribute any 
flow to the rest of the Rio Grande de Anasco Basin 
during base-flow conditions. These reservoirs are 
connected by tunnels to divert water to the Lago 
Lucchetti hydroelectric plant in Yauco and the 
agricultural irrigation canal system in the south coast 
region. Most of river basins in the study area are 
characterized by turbulent streams and steep slopes that 
range from about 100 to about 1,000 ft/mi in the 
mountains to 10 ft/mi near the coast. Land-surface

altitudes range from mean sea level to 4,020 ft at Cerro 
La Puntita, which is the highest peak in Puerto Rico (fig. 
1).

Southern and western Puerto Rico has a semiarid 
(south) to very wet (Cordillera Central) tropical climate 
with winds approaching predominately from the east. 
Average annual rainfall ranges from about 35 inches in 
the Valle de Lajas to about 100 inches in the Cordillera 
Central. Average annual pan evaporation of 60 inches 
was reported by the National Oceanic and Atmospheric 
Administration (NOAA) at the Valle de Lajas substation 
in Lajas from 1982 to 1986 (U.S. Department of 
Commerce, 1986). The dry season extends from 
January through April; the wet season extends from 
August through December. Normally, April is the driest 
month of the year. The minimum annual streamflow 
normally occurs during April or early May.

METHODS OF ANALYSES

Different techniques were applied to continuous- 
and partial-record stations. Analyses for continuous- 
record stations were based on frequency analyses of the 
annual minimum rc-days low-flows. For partial-record 
stations, base-flow discharge measurements were related 
to concurrent base-flow discharge measurements or 
daily mean-flows at nearby continuous-record stations. 
The low-flow characteristics at the partial-record station 
were then determined through the correlation using the 
corresponding characteristics at the continuous-record 
station. A discussion of these techniques and the 
reliability of the estimates derived from them are 
provided in the following sections.

Low Flow at Continuous-Record Gaging 
Stations

Low-flow frequency curves were derived for nine 
continuous-record stations (fig. 2) using the method 
described by Riggs (1972) and by adaptation of the log- 
Pearson Type III flood-frequency program described by 
the Interagency Advisory Committee on Water Data 
(1982). The fitted log-Pearson Type III probability 
distribution and the recurrence interval (RI) of the 
annual rc-day low flows were plotted by computer for 
each continuous-record station. Using a computer, 
discharges were arrayed in order of magnitude and

Methods of Analyses



assigned order numbers. The lowest discharge was 
given the order number 1. The recurrence interval of 
each value in the array was computed using the plotting 
position formula currently in use by the USGS,

where n is the number of years of record and m is the 
order number in the array. The graphically-fitted curve 
based on the resulting plotting positions should be 
considered the basic frequency curve for annual low 
flows (Riggs, 1972). However, Riggs recommended 
that the computer plot be obtained and the log-Pearson 
Type III mathematical frequency curve (calculated 
value) be used if it is an adequate fit. For this report, 
the mathematical frequency curve was used because 
the mathematical and graphical frequency curves were 
similar, as shown by a typical computer plot (fig. 4).

Nine streamflow long-term continuous-record 
gaging stations (fig. 2) located on perennial streams with 
a minimum of 10 years of record were included in the 
analyses. The data used for these analyses have been 
published through the 1992 water year (U.S. Geological 
Survey Water Resources Data-Puerto Rico and the U.S. 
Virgin Islands, water years 1958-92).

The basic data requirement needed to determine 
low-flow frequency characteristics at a continuous- 
record station is the annual minimum daily-mean 
discharge for selected lengths of time. In Puerto Rico, 
annual minimum discharge for streams usually occurs in 
April or early May. Frequency curves for each 
continuous-record gaging station were derived using the 
log-Pearson Type in distribution, adapted from the 
Interagency Advisory Committee on Water Data (1982). 
This study analyzed daily-mean discharge for 
continuous-record gaging stations for 7-, 14-, 30-, 60-, 
and 90-consecutive days in each water year (October 1 
to September 30). Seven-consecutive days was the 
shortest period analyzed. Low-flow discharges were 
determined from the frequency curve for recurrence 
intervals of 2 and 10 years.

Low-flow characteristics of streams affected by 
reservoirs or irrigation canals may differ substantially 
from stations that exist under natural conditions, and 
data from regulated streams cannot be used to estimate 
the flow of nearby unregulated streams. Gaging stations 
where considerable anthropogenic regulation of stream 
flow existed were excluded from this study.

Low Flow at Partial-Record Gaging 
Stations

Low-flow characteristics for partial-record 
stations were estimated using a relation curve (fig. 5) 
developed by correlating base-flow discharge 
measurements made at partial-record stations with 
concurrent discharges at the continuous-record gaging 
stations (index stations) and the low-flow characteristic 
for the index station. This estimating technique, 
illustrated in figure 5, transfers the low-flow 
characteristic for 7-consecutive days at a 2-year 
recurrence interval (59.4 ft3/s) computed by the log- 
Pearson Type HI frequency distribution for the index 
station (50144000) to the graphically-determined 
relation curve to determine the corresponding low-flow 
characteristic (7-day, 2-year; 12.2 ft3/s) for the partial- 
record station (50143200). Low-flow characteristics for 
7-, 14-, and 30-consecutive days for recurrence intervals 
of 2 or 10 years were estimated as described above for 
105 low-flow partial-record stations at which at least 8 
low-flow discharge-measurements were available. The 
development of the control-point method (fig. 5) is 
described by Thomson and Carter (1963). This method 
is based on the observation that if correlation of 
simultaneous natural flows at gaging stations within 
short distances of each other were plotted on logarithmic 
coordinates, the relation curves tended to be straight 
lines which intersect the line of equal yield at a discharge 
about 1.5 times the average discharge at the independent 
station. The method is useful because the lower part of 
the relation curve can be consistently approximated by a 
straight line on a logarithmic plot. The relation curve 
must be defined by a sufficient number of simultaneous 
discharges. The line of equal yield (fig. 5) shows equal 
discharge per unit of drainage area and, in conjunction 
with the control-point method, helps establish the 
position of the relation curve which is used to estimate 
the low-flow frequency at the partial-record station. The 
analyses and compilations used in this report were made 
from USGS data files stored in Reston, Virginia.

All continuous-record index stations included in 
this report are located on perennial streams. Partial- 
record stations were located as near as possible to 
corresponding index stations that were similar in size of 
drainage area and geologic setting. The number of base- 
flow discharge measurements and the index station 
number used in the correlations are included in the 
station headings of the partial-record stations table 
presented in appendix 2.

Low-Flow Characteristics at Selected Sites on Streams in Southern and Western Puerto Rico



STATION-50144000
Rl'O GRANDE DE ANASCO NEAR SAN SEBASTIAN, PUERTO RICO
1964-92, 12-MONTH PERIOD ENDING SEPTEMBER 30
7-DAY LOW VALUE
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Figure 4. Computer generated low-flow frequency curve and graphical low-flow frequency curve for the Rfo Grande de 
Anasco station near San Sebastian, Puerto Rico.
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Reliability of Results

Low-flow frequency analyses are subject to 
errors. These errors are associated with many factors 
related to time, length of record, variability of flow, 
number of discharge measurements available for 
analyses, accuracy of discharge measurements, 
anthropogenic changes to streamflow (permanent or 
transitory), and compatibility of geologic features. The 
accuracy of estimates of low-flow characteristics is 
related to how accurately the correlation of concurrent 
discharges reflect the true relation between partial-record 
station and the index stations. The low-flow 
characteristics presented in this study for continuous- 
record stations with less than 20 years of data will 
probably change to some degree as the length of record 
for these stations increases and more streamflow data are 
available for frequency analyses.

90-consecutive days for recurrence intervals of 2 and 10 
years are presented for continuous-record stations. The 
log-Pearson Type III frequency distribution was used to 
analyze the annual rc-day minimum streamflow records. 
Low flows for 7-, 14-, and 30-consecutive days for 2- 
and 10-year recurrence intervals are presented for 
partial-record stations. This information was estimated 
by relating discharges at partial-record sites with 
concurrent discharges at nearby continuous-record 
stations with similar geologic, climatic, and topographic 
characteristics. Low-flow data from gaging stations 
where flows were affected by considerable 
anthropogenic regulation were excluded from the report. 
Factors such as the length of record, location of site, flow 
diversions, number of measurements, and the period 
during which the discharge was measured can affect the 
accuracy of the low-flow characteristics.

PRESENTATION OF LOW-FLOW 
CHARACTERISTICS OF STREAMS

Low-flow characteristics of streams are presented 
in appendices 1 and 2. Data for the 9 continuous-record 
gaging stations are presented first in appendix 1, 
followed by the data for the 105 partial-record stations 
in appendix 2. Low-flow characteristic values less than

o

0.1 ft /s are reported as <0.1. The heading for 
continuous-record gaging stations includes:

1. Location and description of the gaging site.
2. Drainage area.
3. Period of record analyzed.
4. Remarks. 

The heading for partial-record gaging stations includes:
1. Location and description of the gaging site.
2. Drainage area.
3. Number of base-flow discharge measurements 

used in the correlations and the index gaging 
station number used.

4. Remarks.

SUMMARY

Low-flow frequency characteristics are essential 
in hydrologic studies for optimum development and 
utilization of streams. This report provides low-flow 
frequency analyses for 9 continuous-record streamflow 
gaging stations and 105 partial-record stations. Low- 
flow frequency characteristics for 7-, 14-, 30-, 60-, and
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APPENDIX 1. CONTINUOUS-RECORD STATIONS

RIO GRANGE DE PATILLAS BASIN 

50092000 Rio Grande de Patillas near Patillas, Puerto Rico

LOCATION.--Lat 18°02'04", long 66°01'58", Hydrologic Unit 21010004, on left bank approximately 100 ft above new bridge at Highway 184, 1.2 mi (1.9 
km) upstream from Lago Patillas Dam and 2.2 mi (3.5 km) northwest of Patillas.

DRAINAGE AREA.-18 mi2 (47 km2).

PERIOD OF RECORD ANALYZED.-February 1967 to September 1991.

REMARKS.-Minor diversion is made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

10
6.7

14 30

11 14 
7.2 8.1

60

17 
10

90

20 
12

RIO INABON BASIN 

50112500 Ri'o Inabon at Real Abajo, Puerto Rico

LOCATION.-Lat 18°05'10", long 66°33'46", Hydrologic Unit 21010004, at bridge on private road, off Highway 511 at Hacienda La Concordia, 0.4 mi (0.6 
km) upstream from diversion canal, 0.5 mi (0.8 km) north of Real Abajo, and 6.1 mi (9.8 km) northeast of Plaza Degetau in Ponce.

DRAINAGE AREA.-9.7 mi2 (25 km2).

PERIOD OF RECORD ANALYZED.-February 1964 to September 1992.

REMARKS. Minor diversion is made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

2.5 
1.6

14

2.9 
1.8

30

3.4
2.2

60

4.2 
2.6

90

4.7 
3.0

RIO BUCANA BASIN 

50114000 Rio Cerrillos near Ponce, Puerto Rico

LOCATION.-Lat 18°04'15", long 66°34'51", Hydrologic Unit 21010004, on right bank off Highway 139, 2.3 mi (3.7 km) upstream from Quebrada 
Ausubo, and 4.6 mi (7.4 km) northeast from Plaza Degetau in Ponce.

DRAINAGE AREA.-18 mi2 (46 km2).

PERIOD OF RECORD ANALYZED.-May 1964 to September 1992.

REMARKS.-Considerable flow regulation by Lago Cerrillos Dam since March 1993. Low-flow data used in the correlations were collected prior to the 
regulation date.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

4.9 
2.8

14

5.3 
3.4

30

6.4 
4.3

60

7.5 
4.9

90

8.6 
5.6
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RIO PORTUGUES BASIN 

50115000 Ri'o Portugues near Ponce, Puerto Rico

LOCATION.--Lat 18°04'45", long 66°38'01", Hydrologic Unit 21010004, on right bank 30 ft (9 m) upstream from bridge on Highway 504, 0.2 mi (0.3 km) 
upstream from small unnamed tributary, 4.4 mi (7.1 km) upstream from Rio Chiquito, and 4.7 mi (7.6 km) north of Plaza Degetau in Ponce.

DRAINAGE AREA.--8.8 mi2 (23 km2).

PERIOD OF RECORD ANALYZED.--July 1964 to September 1992.

REMARKS.-Minor diversion is made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

m years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

2.6 
1.7

14

2.8 
1.9

30

3.3
2.2

60

4.0 
2.6

90

4.7 
3.0

RIO GUAYANILLA BASIN 

50124200 Rfo Guayanilla near Guayanilla, Puerto Rico

LOCATION.--Lat 18°02'40", long 66°47'53", Hydrologic Unit 21010004, on left bank, 0.7 mi (1.1 km) off intersection of Highways 2 and 132,0.6 mi (1.0 
km) downstream from Quebrada Consejo, 1.8 mi (2.9 km) north-northwest from Plaza de Guayanilla.

DRAINAGE AREA.-19 mi2 (49 km2).

PERIOD OF RECORD ANALYZED.-March 1981 to September 1992.

REMARKS.-Minor diversion is made above the station to filter plant for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

3.2 
2.4

14

3.6 
2.9

30

4.1 
3.3

60

5.4 
4.3

90

6.5 
5.0

RfO GUANAJIBO BASIN 

50136000 Rfo Rosario at Rosario, Puerto Rico

LOCATION.-Lat 18°10'22", long 67°04'31", Hydrologic Unit 21010003, on left bank above low dam, 0.2 mi (0.3 km) below Quebrada Figueroa, 0.7 mi 
(1.1 km) northeast of Rosario, and 1.6 mi (2.6 km) below Quebrada Palma.

DRAINAGE AREA.-16.4 mi2 (42.5 km2).

PERIOD OF RECORD ANALYZED.-June 1961 to September 1986.

REMARKS. Minor diversions are made above the station to filter plant for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 ~30~ 60" 90

2 10 11 11 12 14
10 5.4 5.8 6.7 7.7 8.8
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RIO GUANAJIBO BASIN Continued 

50138000 Ri'o Guanajibo near Hormigueros, Puerto Rico

LOCATION.-Lat 18°08'36", long 67°08'57", Hydrologic Unit 21010003, at bridge on Highway 100, 1.4 mi (2.3 km) west of Hormigueros, and 2.0 mi (3.2 
km) downstream from Rio Rosario.

DRAINAGE AREA.-120 mi2 (311 km2).

PERIOD OF RECORD ANALYZED.-April 1974 to September 1992.

REMARKS. Minor diversions are made above the station to filter plant for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,
in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days
7

16 
9.0

14

20 
11

30

23 
15

60

29 
17

90

35 
20

RIO GRANDE DE ANASCO BASIN 

50141000 Ri'o Blanco near Adjuntas, Puerto Rico

LOCATION.-Lat 18°12'19", long 66°48'01", Hydrologic Unit 21010003, on right bank near dirt road off Highway 129, 0.4 mi (0.6 km) north-northwest 
from intersection of Highways 135 and 129, 2.5 mi (4 km) northeast of Castaner, 2.3 mi (3.7 km) east-southeast of Lago Guayo Dam, and 0.5 mi (0.8 km) 
downstream from Ri'o Limani.

DRAINAGE AREA.-15 mi2 (40 km2).

PERIOD OF RECORD ANALYZED.-March 1946 to September 1984.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,
in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

8.5 
6.3

14

9.0 
6.7

30

10
7.5

60

12 
8.6

90

13 
9.4

50144000 Ri'o Grande de Afiasco near San Sebastian, Puerto Rico

LOCATION.-Lat 18°17'05", long 67°03'05", Hydrologic Unit 21010003, on left bank, approximately 100 ft (30.5 m) below bridge of Highway 108, 0.4 mi 
(0.6 km) downstream from Quebrada La Zumbadora, 4.4 mi (7.1 km) northwest of Las Marias, 5.4 mi (8.7 km) southwest of San Sebastian.

DRAINAGE AREA.-94 mi2 (244 km2), does not include 36.2 mi2 (93.8 km2) which base flow is diverted to Lago Lucchetti Dam. 

PERIOD OF RECORD ANALYZED.-August 1964 to September 1992.

REMARKS. Flow is regulated by Lago Yahuecas, Lago Guayo and Lago Prieto Dams. The total drainage area of these reservoirs (36.2 mi2) does not con­ 
tribute any flow to the rest of the Rio Grande de Afiasco Basin during base-flow conditions. Minor diversions are made above the station for public-water 
supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,

interval, for indicated number of consecutive days

in years 7 14 30 60 90

2 59 64 71 84 95
10 43 46 54 62 70
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APPENDIX 2. PARTIAL-RECORD STATIONS

RIO SECO BASIN 

50097000 Quebrada Cimarrona near Jobos, Puerto Rico

LOCATION.--Lat 17°59'18", long 66°10'59", Hydrologic Unit 21010004, at barrio Pozo Hondo, 2.4 mi (3.7 km) north from Puerto de Jobos, and 4.0 mi (6.4 
km) northwest from Plaza de Guayama.

DRAINAGE AREA.-3.1 mi2 (8.0 km2).

REMARKS. Estimated minimum average 7-, 14-, and 30-day flow with a 2- and 10-year recurrence interval is 0.0 on the basis of 6 observations of zero 
flow under base-flow conditions.

50097800 Rio Seco near Central Guamani, Puerto Rico

LOCATION.-Lat 17°58'06", long 66°10'52", Hydrologic Unit 21010004, at bridge on Highway 3, 0.2 mi (0.3 km) north of Central Guamani, and 1.2 mi 
(1.9 km) northwest of Jobos.

DRAINAGE AREA.-11 mi2 (29. km2).

REMARKS. Estimated minimum average 7-, 14-, and 30-day flow with a 2- and 10-year recurrence interval is 0.0 on the basis of 8 observations of zero 
flow under base-flow conditions.

RIO SAUNAS BASIN 

50100200 Rio Lapa near Rabo del Buey, Puerto Rico

LOCATION.~Lat 18°03'36", long 66°14'28", Hydrologic Unit 21010004, at barrio Lapa, on Highway 1, 1.6 mi (2.6 km) upstream from confluence with Rio 
Majada, and 6.2 mi (10 km) southwest from Plaza de Cayey.

DRAINAGE AREA.-10 mi2 (26 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50092000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 .4 .5 .7 
10_________2__________-1__________2_____

50100300 Rio Jajome at Jajome, Puerto Rico

LOCATION.-Lat 18°03'49", long 66°09'38", Hydrologic Unit 21010004, at barrio Jajome Bajo, on Highway 708, 3.5 mi (5.6 km) south from Plaza de 
Cayey.

DRAINAGE AREA.-- 4.6 mi2 (12 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50092000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,

interval, for indicated number of consecutive days
in years 7 14 30

2 .4 .5 .7
10 .2 .2 .2
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RIO SALINAS BASIN Continued 

50100450 Ri'o Majada at La Plena, Puerto Rico

LOCATION.-Lat 18°02'40", long 66°12'27", Hydrologic Unit 21010004, at barrio Quebrada Yegua, at Highway 712, 2.0 mi (3.2 km) northeast from 
Albergue Olfmpico, and 5.5 mi (8.8 km) southwest from Plaza de Cayey.

DRAINAGE AREA.-17 mi2 (43 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50092000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days
7

.5 

.2

14

.6

.2

30

1.0
.3

RIO JUEYES BASIN 

50103000 Ri'o Jueyes near Jauca, Puerto Rico

LOCATION.-17°58'45", long 66°20'20", Hydrologic Unit 21010004, at bridge on Highway 1, 1.8 mi (2.9 km) east of Jaucas, and 2.7 mi (4.3 km) west of 
Plaza de Salinas.

DRAINAGE AREA.-8.6 mi2 (22 km2).

REMARKS. Estimated minimum average 7-, 14-, and 30-day flow with a 2- and 10-year recurrence interval is 0.0 on the basis of 8 observations of zero 
flow under base-flow conditions.

RI'O COAMO BASIN 

50104000 Ri'o Coamo near Pasto, Puerto Rico

LOCATION.-Lat 18°07'08", long 66°21'52", Hydrologic Unit 21010004, at barrio Pasto, on Highway 555, 2.6 mi (4.2 km) northwest from Plaza de 
Coamo.

DRAINAGE AREA.-9.0 mi2 (23 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

2.9 
2.0

14

3.4
2.2

30

4.0 
2.6

50105400 Rio Cuyon at La Guava, Puerto Rico

LOCATION.-Lat 18°05"20", long 66°16'17", Hydrologic Unit 21010004, at barrio Algarrobo, on Highway 717, 1.0 mi (1.6 km) southwest from Cerro 
Verdun, and 5.6 mi (9.0 km) east from Plaza de Coamo.

DRAINAGE AREA.-4.3 mi2 (11 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 <.l <.l .1
10 <.l <.l <.l
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Rl'O COAMO BASIN Continued 

50105600 Rfo Cuyon near Coamo, Puerto Rico

LOCATION.--Lat 18°05'25", long 66°18'50", Hydrologic Unit 21010004, at barrio Cuyon, on Highway 14, 0.8 mi (1.3 km) southeast from Cerro Santa Ana, 
and 2.8 mi (4.5 km) northeast from Plaza de Coamo.

DRAINAGE AREA.-18 mi2 (47 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 .5 .7 1.0
10__________.2__________.3__________A____

50105900 Quebrada Monteria near Coamo, Puerto Rico

LOCATION.-Lat 18°05'13", long 66°21'04", Hydrologic Unit 21010004, at barrio Pasto, at confluence with Rio Cuyon, and 0.5 mi (0.8 km) northeast from 
Plaza de Coamo.

DRAINAGE AREA.-7.1 mi2 (18 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 .1 .2 .2 
10_________<_1__________<.!__________<1_____

50106100 Rfo Coamo at Coamo, Puerto Rico

LOCATION.-Lat 18°05'00", long 66°21'16", Hydrologic Unit 21010004, at Coamo, on Highway 14, 500 ft (152 m) downstream from confluence with Rio 
Cuyon, and 0.2 mi (0.3 km) east from Plaza de Coamo.

DRAINAGE AREA.--44 mi2 (113 km2).

LOW-FLOW ESTIMATES. Based on correlation of 9 base-flow measurements with concurrent base flows at gaging station 50112500.

REMARKS. Minor diversions are made above station to filter plant for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 2.0 2.6 3.6
10__________.9__________L2__________L6_____

50106600 Rfo de La Mina near Coamo, Puerto Rico

LOCATION.-Lat 18°05'04", long 66°23'22", Hydrologic Unit 21010004, at barrio Santa Catalina, on Highway 150, 2.2 mi (3.5 km) west from Plaza de 
Coamo.

DRAINAGE AREA.-2.6 mi2 (6.8 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second, 

interval, for indicated number of consecutive days

in years 7

2 <.l 
10 <.l

14 30

<.l .1
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RIO COAMO BASIN Continued 

50106650 Rfo del Pasto near Coamo, Puerto Rico

LOCATION.-Lat 18°04'49", long 66°22'32", Hydrologic Unit 21010004, at barrio San Idelfonso, on Highway 150, 1.3 mi (2.1 km) west from Plaza de 
Coamo.

DRAINAGE AREA.-1.8 mi2 (4.7 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent low flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 <.l <.l .1
10_________<A__________<J__________<J_____

50106700 Rfo de La Mina at Coamo, Puerto Rico

LOCATION.-Lat 18°03'56", long 66°22'29", Hydrologic Unit 21010004, at barrio San Idelfonso, on Highway 14, 0.2 mi (0.3 km) upstream from 
confluence with Rio Coamo, and 1.7 mi (2.7 km) from Plaza de Coamo.

DRAINAGE AREA.-5.9 mi2 (15 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 <.l .1 .2
10_________<A_________<A_________<A_____

50106820 Rio Coamo at Banos de Coamo, Puerto Rico

LOCATION.-Lat 18°02'23", long 66°22'31", Hydrologic Unit 21010004, at barrio San Idelfonso, at the end of Highway 546, 3.3 mi (5.3 km) southwest 
from Plaza de Coamo.

DRAINAGE AREA.-58 mi2 (152 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 9 base-flow measurements with concurrent base flows at gaging station 50112500.

REMARKS. Minor diversions are made above station to filter plant for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 3.7 4.7 6.2
10 1.8 2.3 3.0
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RIO DESCALABRADO BASIN 

50107800 Rio Descalabrado near Sanja Blanca, Puerto Rico

LOCATION.--Lat 18°05'24", long 66°24'30", Hydrologic Unit 21010004, at barrio Santa Catalina, on Highway 150, 2.0 mi (3.2 km) southeast from Lago 
Toa Vaca, and 3.4 mi (5.5 km) northwest from Plaza de Coamo.

DRAINAGE AREA.-4.3 mi2 (11 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 .1 .1 .2
10_________<A_________<A___________<A______

50108200 Rfo Descalabrado at Las Ollas, Puerto Rico

LOCATION.-Lat 18°02'10", long 66°25'36", Hydrologic Unit 2101004, at barrio Descalabrado, on Highway 536, 0.6 mi (1.0 km) upstream from Highway 
52, 2.2 mi (3.5 km) northwest from Cerro del Muerto.

DRAINAGE AREA.-14 mi2 (36 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500. 

REMARKS. Minor diversions are made above the station for public-water supply. Part of the flow infiltrates the aquifer.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second, 

interval, for indicated number of consecutive days

in years 7

2 <.l 
10 <.l

14 30

.1 .2

RIO CANAS BASIN 

50109000 Rfo Canas near Juana Dfaz, Puerto Rico

LOCATION.-Lat 18°02'41", long 66°27'26", Hydrologic Unit 21010004, at barrio Cafias Arriba, on Highway 14, and 3.3 mi (5.3 km) east from Plaza de 
Juana Diaz.

DRAINAGE AREA.-2.9 mi2 (7.5 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 <.l <.l <.l
10___________<J__________<J__________<J_____

50109500 Rfo Canas near Santa Isabel, Puerto Rico

LOCATION.-Lat 17°59'39", long 66°28'33", Hydrologic Unit 21010004, at bridge on Highway 535, and 0.5 mi (0.8 km) from mouth, 0.6 mi (1.0 km) east 
of Pastille, and 5.1 mi (8.2 km) northwest from Plaza de Santa Isabel.

DRAINAGE AREA.-6.4 mi2 (16 km2).

LOW-FLOW ESTIMATES.-Estimated minimum average 7-, 14-, and 30-day flow with 2- and 10-year recurrence interval is 0.0 on the basis of 7 
observations of no flow under base-flow conditions.
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RIO JACAGUAS BASIN 

50110550 Ri'o Jacaguas at Villalba, Puerto Rico

LOCATION.-Lat 18°07'37", long 66°29'42", Hydrologic Unit 21010004, at barrio Hato Puerco Arriba, upstream from the sewage water-treatment plant 
discharge point, 100 ft (30 m) downstream from confluence with Quebrada Achiote, and 0.2 mi (0.3 km) southwest from Villalba.

DRAINAGE AREA.-12 mi2 (32 km2)

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

REMARKS. Minor diversions are made above station to filter plant for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,

interval, for indicated number of consecutive days

in years 7 14 30

2 34 37 40 
10________28_________30_________32_____

50110700 Ri'o Toa Vaca at Pedro Garcfa, Puerto Rico

LOCATION.-Lat 18°08'11", long 66°23'47", Hydrologic Unit 21010004, at barrio Pedro Garcia, 2.1 mi (3.4 km) southeast from intersection of Highways 
143 and 155, and 4.1 mi (6.6 km) northeast from Lago Toa Vaca.

DRAINAGE AREA.-3.1 mi2 (8.0 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 <.l .1 .2 
10_________<J_________<A_________<.!____

P 50110900 Ri'o Toa Vaca upstream from Lago Toa Vaca, Puerto Rico

LOCATION.-Lat 18°07'36", long 66°27'25", Hydrologic Unit 2101004, at barrio Caonillas Arriba, on Highway 553, 0.5 mi (0.8 km) upstream from Lago 
Toa Vaca, and 2.4 mi (3.9 km) east from Villalba.

DRAINAGE AREA.-14 mi2 (37 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 1.1 1.4 1.9
10_________.6__________.]___________LO_____

50111720 Quebrada Guanabana near Juana Diaz, Puerto Rico

LOCATION.~Lat 18°03'12", long 66°29'02", Hydrologic Unit 21010004, at barrio Tijeras, on Highway 14, 1.5 mi (2.4 km) east from Plaza de Juana Diaz. 

DRAINAGE AREA.-1.7 mi2 (4.5 km2).

REMARKS.-Estimated minimum average 7-, 14-, and 30-day flow with 2- and 10-year recurrence interval is 0.0 on the basis of 6 observations of no flow 
under base-flow conditions.
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RIO INABON BASIN 

50112400 Rio Inabon at Real Anon, Puerto Rico

LOCATION.--18°07'22", long 66°34'20", Hydrologic Unit 21010004, at barrio Anon, on Highway 511, 1.0 mi (1.6 km) northeast from Cerro Santo 
Domingo, and 4.5 mi (7.2 km) northwest from Lago Guayabal.

DRAINAGE AREA.-6.0 mi2 (15 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

REMARKS. Minor diversions are made above station to filter plant for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days
7

1.6 
1.0

14

1.9
1.2

30

2.3 
1.4

50112700 Ri'o Guayo near Collores, Puerto Rico

LOCATION.-Lat 18°07'24", long 66°33'27", Hydrologic Unit 2101004, at barrio Collores, on Highway 517, about 400 ft (122 m) west from Escuela 
Guaraguao, 0.9 mi (1.4 km) northwest from intersection of Highways 517 and 512, and 3.5 mi (5.6 km) northwest from Lago Toa Vaca.

DRAINAGE AREA.-1.7 mi 2 (4.3 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

.5 

.4

14

.6

.4

30

.7 

.5

50112750 Quebrada Indalecia at Collores, Puerto Rico

LOCATION.-Lat 18°06'33", long 66°32'20", Hydrologic Unit 21010004, at barrio Collores, 200 ft (61 m) upstream from confluence with Rio Guayo, 0.9 
mi (1.4 km) northeast from Cerro Agustinillo, and 2.2 mi (3.5 km) northwest from Lago Guayabal.

DRAINAGE AREA.-3.5 mi2 (9.1 km2).

LOW-FLOW ESTIMATES. Estimated minimum average 7-, 14-, and 30-day flow with 2- and 10-year recurrence interval is 0.0 on the basis of 5 
observations of no flow under base-flow conditions.

50112800 Rfo Guayo upstream from Diversion at Collores, Puerto Rico

LOCATION.-Lat 18°05'10", long 66°32'24", Hydrologic Unit 21010004, at barrio Collores, 2.1 mi (3.4 km) southwest from Lago Guayabal, and 3.1 mi 
(5.0 km) northwest from Plaza de Juana Di'az.

DRAINAGE AREA.-9.6 mi2 (25 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50112500.

REMARKS.-Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 .8 1.0 1.3
10 .4 .5 .7
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RIO BUCANA BASIN 

50113790 Ri'o San Patricio upstream from Lago Cerrillos, Puerto Rico

LOCATION.-Lat 18°07'12", long 66°36'27, Hydrologic Unit 21010004, at barrio Maraguez, 1.5 mi (2.4 km) northwest from Cerro Santo Domingo, 3.6 mi 
(5.8 km) northwest from Lago Cerrillos, and 7.3 mi (12 km) from Plaza Degetau, Ponce.

DRAINAGE AREA.-5.8 mi2 (15 km2).

LOW-FLOW ESTIMATES.--Based on correlation of 6 base-flow measurements with concurrent base flows at gaging station 50114000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

2.5 
1.5

14

2.6 
1.9

30

3.1 
2.3

50113800 Rfo Cerrillos upstream from Lago Cerrillos, Puerto Rico

LOCATION.-Lat 18°07'01", long 66°36'17", Hydrologic Unit 21010004, at barrio Maraguez, 1.3 mi (2.1 km) west from Cerro Santo Domingo, 3.3 mi (5.3 
km) northwest from Lago Cerrillos, and 7.2 mi (12 km) from Plaza Degetau, Ponce.

DRAINAGE AREA.-12 mi2 (31 km2).

LOW-FLOW ESTIMATES. Based on correlation of 20 base-flow measurements with concurrent base flows at gaging station 50114000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

4.0
2.5

14

4.4 
3.0

30

5.4 
3.7

50114150 Quebrada Ausubo near Ponce, Puerto Rico

LOCATION.-18°03'09", long 66°35'08", Hydrologic Unit 21010004, at barrio Machuelo Arriba, 2.4 mi (3.9 km) west from Goto Laurel, 1.5 mi (2.4 km) 
south from Lago Cerrillos, and 3.8 mi (6.1 km) northeast from Plaza Degetau, Ponce.

DRAINAGE AREA.-1.2 mi2 (3.0 km2).

REMARKS.-Estimated minimum average 7-, 14-, and 30-day flow with 2- and 10-year recurrence interval is 0.0 on the basis of 8 observations of no flow 
under base-flow conditions.

50114200 Rfo Bayagan near Ponce, Puerto Rico

LOCATION.-Lat 18°02'51", long 66°35'12", Hydrologic Unit 21010004, at barrio Machuelo Arriba, 2.5 mi (4.0 km) west of Goto Laurel, 1.9 mi (3.0 km) 
south from Lago Cerrillos, and 3.0 mi (4.8 km) northeast from Plaza Degetau, Ponce.

DRAINAGE AREA.-3.8 mi2 (9.9 km2).

REMARKS. Estimated minimum average 7-, 14-, and 30-day flow with 2- and 10-year recurrence interval is 0.0 on the basis of 8 observations of no flow 
under base-flow conditions.
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RIO PORTUGUES BASIN 

50114900 Rio Portugues near Tibes, Puerto Rico

LOCATION.-Lat 18°04'26", long 66°38'35", Hydrologic Unit 21010004, at barrio Tibes, 0.5 mi (0.8 km) southwest from Cerro del Diablo, 6.0 mi (9.6 km) 
northeast from Penuelas, and 6.2 mi (10 km) north from Ponce.

DRAINAGE AREA.-7.3 mi2 (19 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50115000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days
7

2.4 
1.6

14

2.6 
1.8

30

3.0 
2.0

50115400 Ri'o Portugues near Ponce, Puerto Rico

LOCATION.~Lat 18°02'27", long 66°36'41", Hydrologic Unit 21010004, at barrio Portugues, 1.0 mi (1.6 km) west from Jardines de Ponce, 0.4 mi (0.6 km) 
north from confluence with Rio Chiquito, and 1.9 mi (3.0 km) north from Plaza Degetau, Ponce.

DRAINAGE AREA.-12 mi2 (32 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50115000.

REMARKS.--Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

1.5 
.9

14

1.8 
1.0

30

2.2 
1.2

50115450 Ri'o Chiquito at Portugues, Puerto Rico

LOCATION.-Lat 18°04' 11", long 66°37'00", Hydrologic Unit 21010004, at barrio Portugues, 2.1 mi (3.4 km) northwest from Jardines de Ponce, 1.7 mi (2.7 
km) southwest from Pico Pinto, and 2.8 mi (4.5 km) north from Plaza Degetau, Ponce.

DRAINAGE AREA.--3.1 mi2 (8.1 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50115000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 .2 .2 .3
10 <.l .1 .1
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RIO PORTUGUES BASIN Continued 

50115600 Rio Chiquito near Ponce, Puerto Rico

LOCATION.-Lat 18°02'37", long 66°36'31", Hydrologic Unit 21010004, at barrio Portugues, 0.6 mi (1.0 km) west from Jardines de Ponce, 0.8 mi (1.3 km) 
south from Cerro El Gato, and 2.1 mi (3.4 km) north from Plaza Degetau, Ponce.

DRAINAGE AREA.--4.4 mi2 (12 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50115000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 <.l .1 .1
10_________<J__________<.!__________<.!_____

50116500 Rio Portugues at Highway 2 By-Pass at Ponce, Puerto Rico

LOCATION.-Lat 17°59'52", long 66°36'52", Hydrologic Unit 21010004, at bridge on Highway 2 By-Pass, 2.0 mi (3.2 km) upstream from mouth, and 1.1 
mi (1.8 km) south from Plaza Degetau, Ponce.

DRAINAGE AREA.-20 mi2 (53 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50115000.

REMARKS. Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 
interval,
in years

2 
10

Lowest average flow, in cubic feet per second, 
for indicated number of consecutive days
7

.6

.2

14

.7 

.3

30

.9

.4

RIO MATILDE BASIN 

50116800 Rio Canas at Magueyes, Puerto Rico

LOCATION.-Lat 18°04'26", long 66°39'07", Hydrologic Unit 21010004, at barrio Magueyes, 2.4 mi (3.9 km) southwest from Cerro del Diablo, 4.7 mi (7.6 
km) northwest from Penuelas, and 4.0 mi (6.4 km) northwest from Ponce.

DRAINAGE AREA.-4.0 mi2 (10 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50115000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 1.6 1.8 2.0
10 1.2 1.3 1.4
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RIO MATILDE BASIN Continued 

50116970 Rfo Canas downstream from Las Americas Ave., Puerto Rico

LOCATION.-Lat 18°00'37", long 66°38'26", Hydrologic Unit 21010004, 0.5 mi (0.8 km) upstream from confluence with Rio Pastille, and 1.1 mi (1.7 km) 
west from Escuela Dr. Pila, PR.

DRAINAGE AREA.-8.5 mi2 (22 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50115000.

REMARKS. Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 4.2 4.4 5.0 
10_________3.0__________3.2__________3.6_____

50117800 Rfo Pastille at Pastille, Puerto Rico

LOCATION.-Lat 18°02'53", long 66°39'52", Hydrologic Unit 21010004, at barrio Quebrada Limon on Highway 502, 0.8 mi (1.3 km) northwest of 
intersection of Highways 502 and 132, 0.9 mi (1.4 km) west of Magueyes, and 3.1 mi (5.0 km) northwest from Ponce.

DRAINAGE AREA.-4.3 mi2 (11 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50115000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 .1 .1 .2 
10_________<J__________<J__________<A_____

50118300 Rfo Pastille near Ponce, Puerto Rico

LOCATION.-Lat 18°00'31", long 66°38'39", Hydrologic Unit 21010004, at Canas Urbano on bridge, 0.7 mi (1.1 km) downstream from Jardines del Caribe, 
and 1.1 mi (1.7 km) west of Escuela Dr. Pila, Ponce.

DRAINAGE AREA.-ll mi2 (28 km2).

REMARKS. Estimated minimum average 7-, 14-, and 30-day flow with 2- and 10-year recurrence interval is 0.0 on the basis of 6 observations of no flow 
under base-flow conditions.

50119000 Rfo Matilde at Ponce, Puerto Rico

LOCATION.-Lat 17°59'53", long 66°38'06", Hydrologic Unit 21010004, at Highway 2, 1.1 mi (1.8 km) upstream from mouth. 

DRAINAGE AREA.-20 mi2 (53 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50115000. 

REMARKS. Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 3.2 3.6 4.3
10 1.9 2.1 2.5
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RIO MATILDE BASIN Continued 

50119200 Quebrada del Agua at Playa de Ponce, Puerto Rico

LOCATION.--Lat 17°59'13", long 66°38'22", Hydrologic Unit 21010004, 700 ft (213 m) upstream from confluence with Rio Matilde. 

DRAINAGE AREA.-6.4 mi2 (17 km2).

REMARKS.-Estimated minimum average 7-, 14-, and 30-day flow with 2 and 10-day recurrence interval is 0.0 on the basis of 8 observations of no flow 
under base-flow conditions.

RIO TALLABOA BASIN 

50120550 Ri'o Ta I la boa near Quebrada Ceiba, Puerto Rico

LOCATION.-Lat 18°04'18", long 66°42'03", Hydrologic Unit 21010004, at barrio Quebrada Ceiba, 0.06 mi (0.1 km) west from Highway 391, 1.2 mi (2.0 
km) north from Tallaboa Alta, and 1.7 mi (2.7 km) northeast from Plaza de Penuelas.

DRAINAGE AREA.-8.4 mi2 (22 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,

interval, for indicated number of consecutive days

in years 7 14 30

2 3.5 3.7 4.2 
10_________2.9__________34__________3.6____

50120700 Ri'o Guayanes near Penuelas, Puerto Rico

LOCATION.-Lat 18°04'03", long 66°43'36", Hydrologic Unit 21010004, at barrio Jaguas on Highway 386 bridge, 0.2 mi (0.3 km) northeast from 
intersection of Highways 386 and 132, 0.6 mi (1.0 km) northeast from Plaza de Penuelas.

DRAINAGE AREA.--7.3 mi2 (19 km).

LOW-FLOW ESTIMATES.-Based on correlation of 7 base-flow measurements with concurrent base flows at gaging station 50124200.

REMARKS.-Flow is regulated by the hydroelectric plant.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 1.3 1.5 1.7
10_________LO__________L2__________L4_____

50121000 Ri'o Tallaboa at Penuelas, Puerto Rico

LOCATION.-Lat 18°03'02", long 66°43'19", Hydrologic Unit 21010004, 350 ft (107 m) downstream from Highway 132 bridge, 0.6 mi (1.0 km) south of 
Penuelas.

DRAINAGE AREA.-24 mi2 (63 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

REMARKS. Flow is regulated by the hydroelectric plant.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 6.0 6.6 7.6
10 4.8 5.6 6.3
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RIO TALLABOA BASIN Continued 

50122000 Ri'o Tallaboa at Tallaboa, Puerto Rico

LOCATION.-Lat 18°00'31", long 66°43'49", Hydrologic Unit 21010004, on bridge at Hacienda Dolores, 700 ft (213 m) upstream from Highway 127, 0.8 
mi (1.3 km) northwest of Tallaboa, and 7.6 mi (12 km) west of Plaza Degetau, Ponce.

DRAINAGE AREA.-32 mi2 (82 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

REMARKS.-Flow is regulated by the hydroelectric plant.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,
in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

6.0
4.8

14

6.6 
5.6

30

7.6 
6.3

RIO MACANA BASIN 

50122500 Ri'o Macana near Penuelas, Puerto Rico

LOCATION.-Lat 18°03'40", long 66°46'12", Hydrologic Unit 21010004, at barrio Macana at intersection of Highways 131 and 132, 5.5 mi (8.8 km) 
northeast from Yauco, and 2.8 mi (4.5 km) northeast from Plaza de Guayanilla.

DRAINAGE AREA.-2.8 mi2 (7.2 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

REMARKS. Flow is regulated by the hydroelectric plant.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

.4 

.3

14

.4 

.3

30

.5 

.4

50122900 Rfo Macana at Magas Arriba, Puerto Rico

LOCATION.-Lat 18°01'00", long 66°45'57", Hydrologic Unit 21010004, 200 ft (60 m) upstream from bridge on Highway 2, 0.6 mi (1.0 km) upstream from 
mouth, and 1.8 mi (2.8 km) east of Plaza de Guayanilla.

DRAINAGE AREA.-9.0 mi2 (23 km2).

REMARKS. Estimated minimum average 7-, 14-, and 30-day flow with 2- and 10-year recurrence interval is 0.0 on the basis of 8 observations of no flow 
under base-flow conditions.
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RIO GUAYANILLA BASIN 

50123100 Rio Guayanilla at Pasto, Puerto Rico

LOCATION.--Lat 18°05'53", long 66°47'38", Hydrologic Unit 21010004, at barrio Pasto, 1.8 mi (2.9 km) southeast from Pico Rodadero, 1.8 mi (2.9 km) 
west from Cerro El Peligro, and 5.2 mi (8.4 km) north from Plaza de Guayanilla.

DRAINAGE AREA.--6.4 mi2 (17 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

REMARKS. Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

2.9
2.4

14

3.2 
2.8

30

3.4 
3.0

50124600 Rio Guayanilla near Central Rufina, Puerto Rico

LOCATION.-Lat 18°01'00", long 66°47'01", Hydrologic Unit 21010004, at Guayanilla, 1.2 mi (1.9 km) upstream from mouth, 0.8 mi (1.3 km) northeast 
from Central Rufina, and 0.6 mi (1.0 km) southeast from Plaza de Guayanilla.

DRAINAGE AREA.-23 mi2 (60 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

REMARKS. Minor diversions are made above the station to filter plant for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7 14 30

.2 .3 .5 

.1 .2 .3

RIO YAUCO BASIN 

50125000 Rfo Yauco near Lago Lucchetti Damsite, Puerto Rico

LOCATION.-Lat 18°06'40", long 66°52'38", Hydrologic Unit 21010004, at barrio Vegas, 300 ft (91 m) from mouth, 1.5 mi (2.4 km) northwest from 
spillway, and 5.4 mi (8.7 km) northwest from Plaza de Yauco.

DRAINAGE AREA.-8.0 mi2 (21 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50136000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 2.8 3.0 3.2
10 1.2 1.3 1.7
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RIO YAUCO BASIN Continued 

50125500 Rfo Naranjo near Lago Lucchetti Damsite, Puerto Rico

LOCATION.-Lat 18°06'20", long 66°51'37", Hydrologic Unit 21010004, at barrio Naranjo on Highway 128, 0.3 mi (0.5 km) from mouth, and 0.9 mi (1.4 
km) from spillway.

DRAINAGE AREA.-1.9 mi2 (5.0 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 .2 .2 .3 
10__________.1___________.2__________.2_____

50125600 Quebrada Grande near Lago Lucchetti Damsite, Puerto Rico

LOCATION.-Lat 18°06'20", long 66°50'56", Hydrologic Unit 21010004, at barrio Naranjo, 0.6 mi (1.0 km) west from Hacienda Roig, 0.9 mi (1.4 km) from 
mouth, and 1.3 mi (2.1 km) from spillway.

DRAINAGE AREA.-2.8 mi2 (7.3 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 .6 .7 .8
10__________.5__________J6__________2_____

50125860 Rfo Duey at Duey, Puerto Rico

LOCATION.-Lat 18°05'44", long 66°50'06", Hydrologic Unit 21010004, at Barrio Duey, 0.8 mi (1.3 km) southeast from Hacienda Roig, 1.2 mi (1.9 km) 
east from Lago Lucchetti, and 4.1 mi (6.6 km) from Plaza de Yauco.

DRAINAGE AREA.-4.6 mi2 (12 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 2.0 2.3 2.5
10 1.8 2.1 2.2
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RIO LOCO BASIN 

50128450 Quebrada Grande upstream from Lago Loco, Puerto Rico

LOCATION.-Lat 18°03'45", long 66°53'10", Hydrologic Unit 21010004, at barrio Almacigo Alto, 800 ft (244 m) upstream from confluence with Rio Loco, 
1.2 (1.9 km) north from spillway, and 3.0 mi (4.8 km) northwest from Plaza de Yauco.

DRAINAGE AREA.--2.7 mi2 (7.0 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 .4 .4 .5
10__________3__________A__________A_____

50128500 Rio Loco upstream from Lago Loco, Puerto Rico

LOCATION.--Lat 18°03'22", long 66°53'08", Hydrologic Unit 21010004, at barrio Susiia Alta, 0.2 mi (0.3 km) upstream from Lago Loco, 1.9 mi (3.0 km) 
northeast from Cerro La Torre, and 5.2 mi (8.4 km) southeast from Plaza de Sabana Grande.

DRAINAGE AREA.--7.7 mi2 (20 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 .9 1.1 1.3
10__________2________-2__________LP._____

50129200 Quebrada Susua at Palomas, Puerto Rico

LOCATION.-Lat 18°01'19", long 66°52'28", Hydrologic Unit 21010004, on bridge at Highway 2, 0.5 mi (0.8 km) north of Palomas, and 1.9 mi (3.1 km) 
southwest of Yauco.

DRAINAGE AREA.-3.2 mi2 (8.4 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50124200.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,

interval, for indicated number of consecutive days
in years 7 14 30

2 .3 .4 .4
10 .2 .3 .3
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RIO GUANAJIBO BASIN 

50130400 Ri'o Grande near Sabana Grande, Puerto Rico

LOCATION.-Lat 18°05'53", long 66°56'18", Hydrologic Unit 21010003, at barrio Rin on Highway 364, 0.5 mi (0.8 km) northeast from Capilla del Pozo de 
La Virgen, and 1.8 mi (2.9 km) northeast from Plaza de Sabana Grande.

DRAINAGE AREA.-6.4 mi2 (17 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

.4

.2

14

.4

.2

30

.7 

.3

50130500 Ri'o Guanajibo at La Pica, Puerto Rico

LOCATION.-Lat 18°04'11", long 66°57'29", Hydrologic Unit 21010003, at barrio Rayo on Highway 2, 1.0 mi (1.6 km) north from Cerro de Los Bonelli, 
and 0.8 mi (1.3 km) southeast from Plaza de Sabana Grande.

DRAINAGE AREA.-15 mi2 (38 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second, 
interval, for indicated number of consecutive days
in years 7

2 1.2 
10 .6

14

1.4
.7

30

1.8 
1.0

50130800 Ri'o Flores near Sabana Grande, Puerto Rico

LOCATION.-Lat 18°04'02", long 66°58'25", Hydrologic Unit 21010003, at barrio Santana on Highway 2, 0.2 mi (0.3 km) east from intersection of 
Highways 2 and 363, and 0.9 mi (1.4 km) west from Plaza de Sabana Grande.

DRAINAGE AREA.-2.0 mi2 (5.1 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second, 

interval, for indicated number of consecutive days

in years 7 14 30

2 <.l <.l <.l
10 <!i <.\ <!i

50131010 Rfo Cruses near Sabana Grande, Puerto Rico

LOCATION.-Lat 18°04'54", long 66°58'37", Hydrologic Unit 21010003, at barrio Santana on Highway 2, 400 ft (122 m) west from intersection of 
Highways 2 and 363, and 1.1 mi (1.8 km) west from Plaza de Sabana Grande.

DRAINAGE AREA.-4.7 mi2 (12 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

REMARKS.-Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

.9

.5

14

1.0 
.6

30

1.1
.8
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RIO GUANAJIBO BASIN Continued 

50131800 Ri'o Cupeyes near San German, Puerto Rico

LOCATION.--Lat 18°04'48", long 67°00'24", Hydrologic Unit 21010003, at barrio Guama, 0.2 mi (0.3 km) downstream from Highway 2, and 2.5 mi (4.0 
km) east from Plaza de San German.

DRAINAGE AREA.-4.2 mi2 (11 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,

interval, for indicated number of consecutive days
in years 7 14 30

2 .6 .7 .8 
10__________.3____________A__________.5______

50132010 Ri'o Guanajibo below San German, Puerto Rico

LOCATION.-Lat 18°05'28", long 67°02'38", Hydrologic Unit 21010003, 1,500 ft (457 m) downstream from bridge on Highway 360,0.5 mi (0.8 km) south 
from Plaza de San German.

DRAINAGE AREA.-36 mi2 (94 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

REMARKS. Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 4.4 5.3 6.3 
10_________23_________2.9_________3.9_____

50133000 Ri'o Cam near San German, Puerto Rico

LOCATION.-Lat 18°06'06", long 67°02'26", Hydrologic Unit 21010003, at Barrio Cain on Highway 361, 600 ft (183 m) upstream from Highway 2, and 
1.3 mi (2.1 km) north from Plaza de San German.

DRAINAGE AREA.-6.3 mi2 (16 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 .2 .3 .4
10 <.l .1 .2
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RIO GUANAJIBO BASIN Continued 

50133800 Rfo Duey near Rosario, Puerto Rico

LOCATION.-Lat 18°08'57", long 67°03'15", Hydrologic Unit 21010003, at barrio Duey Alto, 200 ft (61 m) downstream from Highway 348, 100 ft (30 m) 
downstream from confluence with Rio Nueve Pasos, and 2.0 mi (3.2 km) southeast from Plaza de Rosario.

DRAINAGE AREA.-4.2 mi2 (11 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

REMARKS. Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 .9 1.1 1.2
10_________.6__________.]______________.9______

50134600 Rfo Hoconuco near San German, Puerto Rico

LOCATION.-Lat 18°07'08", long 67°04'27", Hydrologic Unit 21010003, at barrio Hoconuco Bajo, 0.2 mi (0.3 km) downstream from Highway 358, 200 ft 
upstream from confluence with Rio Duey, and 3.2 mi (5.1 km) northeast from Plaza de San German.

DRAINAGE AREA.-5.2 mi2 (13 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 <.l .1 .2
10_________<.!__________<A___________<J_____

50135000 Rfo Hoconuco (Duey) near San German, Puerto Rico

LOCATION.-Lat 18°07'10", long 67°04'48", Hydrologic Unit 21010003, at barrio Duey Bajo, 200 ft (61 m) downstream from Highway 2, and 3.4 mi (5.5 
km) northwest from Plaza de San German.

DRAINAGE AREA.-13 mi2 (34 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 .8 1.0 1.2
10 .4 .5 .7
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RIO GUANAJIBO BASIN Continued 

50135700 Rfo Maricao at Maricao, Puerto Rico

LOCATION.--Lat 18°11'22", long 66°59'37", Hydrologic Unit 21010003, at barrio Maricao Afuera on Highway 357, 0.4 mi (0.6 km) east from Hacienda 
San Antonio, and 1.0 mi (1.6 km) northwest from Plaza de Maricao.

DRAINAGE AREA.-3.8 mi2 (9.8 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50136000.

REMARKS. Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

2.8 
1.6

14

3.0 
1.8

30

3.2 
2.0

50135800 Rfo Rosario at Las Vegas, Puerto Rico

LOCATION.-Lat 18°11'13", long 67°01'52", Hydrologic Unit 21010003, at barrio Montoso on Highway 119, 0.1 mi (0.2 km) southeast from intersection 
of Highways 119 and 105, and 3.6 mi (5.8 km) northeast from Plaza de Rosario.

DRAINAGE AREA.-8.3 mi2 (22 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50136000.

REMARKS. Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

6.0
3.2

14

6.1
3.5

30

6.4 
4.0

50136400 Rio Rosario near Hormigueros, Puerto Rico

LOCATION.-Lat 18°09'36", long 67°05'08", Hydrologic Unit 21010003, at bridge on Highway 348, 0.5 mi (0.8 km) southwest of Plaza de Rosario. 

DRAINAGE AREA.-18 mi2 (47 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50136000. 

REMARKS. Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 9.8 11 11
10 5.0 5.4 6.3
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RIO GUANAJIBO BASIN Continued 

50136500 Rfo Rosario near Hormigueros, Puerto Rico

LOCATION.--Lat 18°07'35", long 67°05'39", Hydrologic Unit 21010003, at barrio Benavente on Highway 2, 2.7 mi (4.3 km) southwest from Rosario, and 
2.5 mi (4.0 km) southwest from Plaza de Hormigueros.

DRAINAGE AREA.-23 mi2 (59 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50136000.

REMARKS. Minor diversions are made above the station for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 9.0 9.8 10
10_________4.4__________4.6_________5.6_____

50137800 Rfo Viejo near Cabo Rojo, Puerto Rico

LOCATION.-Lat 18°06'04", long 67°07'48", Hydrologic Unit 21010003, at barrio Bajura on Highway 103, 1.0 mi (1.6 km) northeast from intersection with 
Highway 102, and 1.4 mi (2.2 km) from Plaza de Cabo Rojo.

DRAINAGE AREA.-12 mi2 (32 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 
interval,
in years

2 
10

Lowest average flow, in cubic feet per second, 
for indicated number of consecutive days
7 14 30

1.2 1.5 1.8 
.6 .8 1.1

QUEBRADA MAGA BASIN 

50138100 Quebrada Maga near Guanajibo, Puerto Rico

LOCATION.--Lat 18°09'18", long 67°08'07", Hydrologic Unit 21010003, at barrio Guanajibo, 0.3 mi (0.5 km) southeast from Mayagiiez Mall, and 1.2 mi 
(1.9 km) northwest from Plaza de Hormigueros.

DRAINAGE AREA.-0.8 mi2 (2.0 km2).

REMARKS. Estimated minimum average 7-, 14-, and 30-day flow with 2- and 10-year recurrence interval is 0.0 on the basis of 8 observation of no flow 
under base-flow conditions.

36 Low-Flow Characteristics at Selected Sites on Streams in Southern and Western Puerto Rico



RIO HONDO BASIN 

50138200 Rio Hondo near Guanajibo, Puerto Rico

LOCATION.-Lat 18°09'45", long 67°09'00", Hydrologic Unit 21010003, at barrio Guanajibo on Highway 114, and 1.8 mi (2.9 km) east from Cerro 
Cornelia, and 2.0 (3.2 km) northwest from Plaza de Hormigueros.

DRAINAGE AREA.-3.2 mi2 (8.2 km2).

LOW-FLOW ESTIMATES.--Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second, 
interval, for indicated number of consecutive days

in years 7

2 .2 
10 .1

14

.3 

.1

30

.4

.2

QUEBRADA SABALOS BASIN 

50138300 Quebrada Sabalos near Mayaguez, Puerto Rico

LOCATION.-Lat 18°10'47", long 67°08'58", Hydrologic Unit 21010003, at barrio Sabalos on Highway 2, 2.9 mi (4.7 km) northwest from Hormigueros, 
and 1.7 mi (2.7 km) southwest from Plaza de Mayaguez.

DRAINAGE AREA.-2.5 mi2 (6.4 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50138000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

.3 

.2

14

.4

.2

30

.5 

.3

RIO YAGUEZ BASIN 

50138900 Rio Yaguez at Balboa, Puerto Rico

LOCATION.-Lat 18°12'13", long 67°07'55", Hydrologic Unit 21010003, about 1,200 ft (366 m) upstream from bridge on Balboa St., and 1.6 (2.6 km) 
upstream from mouth.

DRAINAGE AREA.-12 mi2 (32 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base-flows at gaging station 50136000.

REMARKS.-Minor diversions are made above station to filter plant for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 3.6 4.2 4.4
10 1.6 1.8 2.2
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RIO GRANDE DE ANASCO BASIN 

50140300 Rfo Guilarte near Adjuntas, Puerto Rico

LOCATION.--Lat 18°10'58", long 66°46'09", Hydrologic Unit 21010003, at barrio Guilarte on Highway 131, 0.4 mi (0.6 km) southwest from intersection of 
Highways 130 and 131, and 4.3 mi (6.9 km) east from Castaner.

DRAINAGE AREA.-2.6 mi (6.8 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50141000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 1.7 1.8 2.0
10_________L3__________1.4__________L5_____

50140800 Rfo Limani near Adjuntas, Puerto Rico

LOCATION.-Lat 18°12'01", long 66°47'50", Hydrologic Unit 21010003, at barrio Yahuecas, 200 ft (61 m) upstream from confluence with Rio Guilarte, and 
500 ft (152 m) southwest from intersection of Highways 129 and 135.

DRAINAGE AREA.-7.4 mi2 (19 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50141000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 3.5 3.7 4.2 
10__________1.5__________1/7__________3.0_____

50141400 Rfo Guayo at Guayo, Puerto Rico

LOCATION.-Lat 18°10'49", long 66°49'40", Hydrologic Unit 21010003, Barrio Guayo on Highway 131, 1.0 mi (1.6 km) upstream from Lago Guayo, 0.4 
mi (0.6 km) southeast from Castaner.

DRAINAGE AREA.- 4.2 mi2 (11 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50141000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 2.0 2.1 2.4
10 1.5 1.6 1.8

38 Low-Flow Characteristics at Selected Sites on Streams in Southern and Western Puerto Rico



RIO GRANGE DE ANASCO BASIN Continued 

50142000 Rfo Blanco at La Torre, Puerto Rico

LOCATION.-Lat 18°18'34", long 66°51'49", Hydrologic Unit 21010003, at barrio La Torre on Highway 128, 2.7 mi (4.3 km) northwest from Lago Guayo, 
and 4.5 mi (7.2 km) northwest from Castaner.

DRAINAGE AREA.--6.2 mi2 (16 km2). Does not include 27 mi2 (69.9 km2) in which base flow is diverted to Lago Lucchetti Dam. 

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000. 

REMARKS.-Flow regulated by Lago Yahuecas and Lago Guayo Dams.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 2.4 2.7 3.0 
10_________1_6__________L8___________22_____

50142100 Quebrada de Los Platanos at Marisol, Puerto Rico

LOCATION.~Lat 18°15'41", long 66°51'22", Hydrologic Unit 21010003, at Barrio Marisol on Highway 128, 0.3 mi (0.5 km) south from intersection of 
Highways 128 and 129.

DRAINAGE AREA.-0.6 mi2 (1.5 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 .2 .2 .2 
10___________1___________2____________2______

50142300 Rfo Prieto at Indiera Alta, Puerto Rico

LOCATION.-Lat 18°10'07", long 66°51'49", Hydrologic Unit 21010003, at barrio Indiera Alta on Highway 128, 2.3 mi (3.7 km) southwest from Lago 
Guayo, and 2.2 mi (3.5 km) southwest from Castaner.

DRAINAGE AREA.-7.5 mi2 (19 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50141000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 4.1 4.4 4.8
10 3.0 3.3 3.6
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Rl'O GRANGE DE ANASCO BASIN Continued 

50142710 Ri'o Prieto at Ri'o Prieto, Puerto Rico

LOCATION.-Lat 18°12'06", long 66°53'05", Hydrologic Unit 21010003, at barrio Rio Prieto on Highway 431, 3.7 mi (5.6 km) west from Lago Guayo, and 
6.4 mi (10 km) northeast from Plaza de Maricao.

DRAINAGE AREA. 5.5 mi (14 km2). Does not include 9.6 mi2 (24.9 km2) in which base flow is diverted to Lago Lucchetti Dam. 

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000. 

REMARKS.-Flow regulated by Lago Prieto Dam.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

.9

.5

14

1.1 
.6

30

1.2 
.8

50142900 Ri'o Prieto at Pezuela, Puerto Rico

LOCATION.-18° 15'17", long 66°54'25", Hydrologic Unit 21010003, at barrio Pezuela, 400 ft (122 m) upstream from confluence with Ri'o Grande de 
Anasco, and 3.4 mi (5.5 km) southwest from Plaza de Lares.

DRAINAGE AREA. 16 mi2 (41 km2). Does not include 9.6 mi2 (24.9 km2) in which base flow is diverted to Lago Lucchetti Dam. 

LOW-FLOW ESTIMATES.-Based on correlation of 7 base-flow measurements with concurrent base flows at gaging station 50144000. 

REMARKS.-Flow regulated by Lago Prieto Dam.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

6.6
4.5

14

7.4 
5.0

30

8.1 
6.0

50143000 Ri'o Grande de Anasco near Lares, Puerto Rico

LOCATION.-Lat 18°15'28", long 66°55'05", Hydrologic Unit 21010003, at bridge on Highway 124, 0.7 mi (1.1 km) from confluence of Rio Blanco and 
Rio Prieto.

DRAINAGE AREA. 26 mi2 (67 km2). Does not include 36.2 mi2 (93.8 km2 ) in which base flow is diverted to Lago Lucchetti Dam. 

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000. 

REMARKS. Flow regulated by Lago Yahuecas, Lago Guayo and Lago Prieto Dams.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,

interval, for indicated number of consecutive days
in years 7 14 30

2 13 15 17
10 9.0 10 12
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RIO GRANDE DE ANASCO BASIN Continued 

50143104 Ri'o Lajas near Maricao, Puerto Rico

LOCATION.-Lat 18°10"54", long 66°57'39", Hydrologic Unit 21010003, at barrio IndieraFria on Highway 105, 0.3 mi (0.5 km) upstream from confluence 
with Rio Guaba, 0.7 mi (1.1 km) from Plaza de Maricao.

DRAINAGE AREA.-5.8 mi2 (15 km2).

LOW-FLOW ESTIMATES.--Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,
in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

2.5 
1.7

14

2.7 
1.8

30

3.0
2.2

50143108 Ri'o Guaba near Maricao, Puerto Rico

LOCATION.-Lat 18°11'02", long 66°57'30", Hydrologic Unit 21010003, Rio Bucarabones on Highway 105, 200 ft (61 m) upstream from confluence with 
Rio Lajas, and 1.5 mi (2.4 km) from Plaza de Maricao.

DRAINAGE AREA.-5.0 mi2 (13 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

3.1
2.2

14

3.4 
2.4

30

3.7 
2.8

50143150 Ri'o Bucarabones near Las Marfas, Puerto Rico

LOCATION.-Lat 18°13'27", long 66°56'41", Hydrologic Unit 21010003, at barrio Bucarabones, 400 ft (122 m) upstream from confluence with Rio Guaba, 
3.7 mi (5.6 km) northeast from Plaza de Maricao.

DRAINAGE AREA.-9.2 mi2 (24 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

5.8 
4.2

14

6.3
4.5

30

6.8
5.2

50143200 Ri'o Guaba near Las Marfas, Puerto Rico

LOCATION.-Lat 18°13'37", long 66°56'33", Hydrologic Unit 21010003, at barrio Cerrote on Highway 124, 0.3 mi (0.5 km) downstream of confluence 
with Rio Bucarabones, and 3.9 mi (6.3 km) northeast from Plaza de Maricao.

DRAINAGE AREA.--25 mi2 (66 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days
7

12 
8.5

14

13 
9.2

30

15 
11
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RIO GRANGE DE ANASCO BASIN Continued 

50143400 Quebrada Las Canas at Perchas, Puerto Rico

LOCATION.--Lat 18°16'23", long 66°56'36", Hydrologic Unit 21010003, at barrio Perchas No 2 on Highway 434, 800 ft (244 m) upstream from confluence 
with Rio Grande de Anasco, and 3.5 mi (5.6 km) from Plaza de Las Marias.

DRAINAGE AREA.-3.1 mi2 (8.0 km2).

LOW-FLOW ESTIMATES.--Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 1.7 1.9 2.1
10_________1.2__________13________1.5_____

50143500 Rio Mayaguecilla at Las Marfas, Puerto Rico

LOCATION.-Lat 18°14'50", long 66°59'05", Hydrologic Unit 21010003, at barrio Palma Escrita on Highway 124, 2.0 mi (3.2 km) upstream from 
confluence with Rio Grande de Anasco, 0.7 mi (1.1 km) southeast from Plaza de Las Marias.

DRAINAGE AREA.-3.3 mi2 (8.5 km2).

LOW-FLOW ESTIMATES. Based on correlation of 6 base-flow measurements with concurrent low flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,

interval, for indicated number of consecutive days
in years 7 14 30

2 1.6 1.8 2.0
10_________U__________L2__________L4_______

50143800 Rio Grande de Anasco near Las Marfas, Puerto Rico

LOCATION.-Lat 18°16'41", long 66°58'48", Hydrologic Unit 21010003, at barrio Guacio on Highway 119, 1.8 mi (2.9 km) northeast from Plaza de Las 
Marias.

DRAINAGE AREA.-80 mi2 (207 km2). Does not include 36.2 mi2 (93.8 km2 ) in which base flow is diverted to Lago Lucchetti Dam. 

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000. 

REMARKS. Flow regulated by Lago Yahuecas, Lago Guayo and Lago Prieto Dams.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 51 54 60
10_________36__________40__________46______

50143900 Rfo Arenas at Las Marfas, Puerto Rico

LOCATION.-Lat 18°15'10", long 66°59'57", Hydrologic Unit 21010003, at barrio Maravillas on Highway 119, 0.5 mi (0.8 km) southwest from Plaza de 
Las Marias.

DRAINAGE AREA.-2.8 mi2 (7.2 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 
interval,
in years

2 
10

Lowest average flow, in cubic feet per second, 
for indicated number of consecutive days
7

2.8 
2.1

14

3.0
2.3

30

3.2 
2.6
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RIO GRANGE DE ANASCO BASIN Continued 

50144200 Quebrada Cerro Gordo near Cerro Gordo, Puerto Rico

LOCATION.--Lat 18°17'09", long 66°04'09", Hydrologic Unit 21010003, at barrio Corcovada, 600 ft (183 m) upstream from confluence with Rio Grande 
de Afiasco, 5.7 mi (9.2 km) from Las Marias, and 4.8 mi (7.7 km) east from Plaza de Afiasco.

DRAINAGE AREA.--2.7 mi2 (6.9 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

1.7 
1.2

14

1.8 
1.3

30

2.0 
1.5

50144900 Rfo Humata near El Espino, Puerto Rico

LOCATION.-Lat 18°17'18", long 67°06'24", Hydrologic Unit 21010003, at barrio Carreras on 109,0.3 mi (0.5 km) upstream from confluence with Rio 
Grande de Afiasco, and 2.4 mi (3.9 km) east from Plaza de Anasco.

DRAINAGE AREA.-4.9 mi2 (13 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

1.9 
1.3

14

2.1 
1.4

30

2.4 
1.7

50145000 Rfo Grande de Anasco at El Espino, Puerto Rico

LOCATION.-Lat 18°16'50", long 67°06'46", Hydrologic Unit 21010003, at barrio Espino on Highway 406, 400 ft (249 m) east from intersection with 
Highway 109, and 1.9 mi (3.1 km) from Plaza de Afiasco.

DRAINAGE AREA.--108 mi2 (280 km2). Does not include 36.2 mi2 (103 km2) in which base flow is diverted to Lago Lucchetti Dam. 

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000. 

REMARKS.-Flow regulated by Lago Yahuecas, Lago Guayo and Lago Prieto Dams.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

68 
49

14

74 
54

30

83 
62

50145400 Rfo Case! near Mayaguez, Puerto Rico

LOCATION.-Lat 18°15'18", long 67°04'48", Hydrologic Unit 21010003, at barrio Leguisamo on Highway 108,4.6 mi (7.4 km) northeast from Mayaguez, 
and 4.5 mi (7.2 km) southeast from Plaza de Mayaguez.

DRAINAGE AREA.-8.2 mi2 (21 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50136000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

6.0
3.4

14

6.5 
3.6

30

6.8
4.2
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RIO GRANDE DE ANASCO BASIN Continued 

50146000 Ri'o Grande de Anasco at Anasco Arriba, Puerto Rico

LOCATION.--Lat 18°16'31", long 66°07'37", Hydrologic Unit 21010003, 0.8 mi (1.2 km) south of Anasco, and 3.0 mi (4.8 km) upstream from mouth. 

DRAINAGE AREA.-139 mi2 (360 km2). Does not include 36.2 mi2 (103 km2) in which base flow is diverted to Lago Lucchetti Dam. 

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000. 

REMARKS. Flow regulated by Lago Yahuecas, Lago Guayo and Lago Prieto Dams.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 73 80 89 
10_________50__________55__________66_____

50146002 Ri'o Cafias at Ri'o Cafias Arriba, Puerto Rico

LOCATION.-Lat 18°13'37", long 67°04'01", Hydrologic Unit 21010003, at barrio Cafias Arriba on Highway 354, 0.2 mi (0.3 km) south from intersection 
with Highway 355, and 5.1 mi (8.2 km) from Plaza de Mayagiiez.

DRAINAGE AREA.-3.6 mi2 (9.3 km2)

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50136000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 2.2 2.4 2.5 
10_________\_2__________L3_________1.4_____

50146005 Rio Cafias at Ri'o Cafias Abajo, Puerto Rico

LOCATION.-Lat 18°14'38", long 67°07'17", Hydrologic Unit 21010003, at barrio Ri'o Cafias Abajo on Highway 108, and 3.1 mi (5.0 km) northeast from 
Plaza de Mayagiiez.

DRAINAGE AREA.-ll mi2 (29 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50136000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days
in years 7 14 30

2 2.6 3.0 3.2 
10_________LO__________L2_________L4_____

50146075 Ri'o Dagiiey near Anasco, Puerto Rico

LOCATION.-Lat 18°17'19", long 67°08'08", Hydrologic Unit 21010003, at barrio Carreras on Highway 405, 100 ft (30 m) east from intersection with 
Highway 404, and 0.5 mi (0.8 km) northeast from Plaza de Mayagiiez.

DRAINAGE AREA.-l.l mi2 (2.8 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50136000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 
interval,
in years

2 
10

Lowest average flow, in cubic feet per second, 
for indicated number of consecutive days
7 14 30

.3 .3 .3 

.1 .1 .1
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RIO GRANDE BASIN 

50146200 Rio Grande near Rincon, Puerto Rico

LOCATION.-Lat 18°22'06", long 67°13'56", Hydrologic Unit 21010003, at bridge on Highway 115, 1.2 mi (1.9 km) upstream from mouth, and 2.2 mi (3.5 
km) northeast of Rincon.

DRAINAGE AREA.-2.8 mi2 (7.3 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 

interval,

in years

2 
10

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

7

.3

.2

14

.3

.2

30

.4 

.2

RIO INGENIO BASIN 

50146300 Rio Ingenio at Jagiiey, Puerto Rico

LOCATION.-Lat 18°20'36", long 67°11'52", Hydrologic Unit 21010003, at barrio Jagiiey at unnumbered highway, 0.3 mi (0.5 km) from intersection of 
Highway 411, and 2.7 mi (4.3 km) southwest from Plaza de Aguada.

DRAINAGE AREA.-3.2 mi2 (8.2 km2).

LOW-FLOW ESTIMATES.-Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 
interval, 
in years

Lowest average flow, in cubic feet per second, 

for indicated number of consecutive days

14 30

2
10

1.1
.7

1.2 1.4 
1.0

50146400 Rio Ingenio near Aguada, Puerto Rico

LOCATION.-Lat 18°22'48", long 67°12'35", Hydrologic Unit 21010003, at bridge on unimproved road, 0.3 mi (0.5 km) upstream from confluence with 
Rio Culebra, and 1.4 mi (2.3 km) west of Aguada.

DRAINAGE AREA.-7.0 mi2 (18 km2).

LOW-FLOW ESTIMATES. Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence 
interval, 
in years

Lowest average flow, in cubic feet per second, 
for indicated number of consecutive days

14 30

2
10

1.6 
1.0

1.9 
1.1

2.1
1.4
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RIO CULEBRA BASIN 

50146600 Rio Culebra near Aguada, Puerto Rico

LOCATION.-Lat 18°22'26", long 67°11'35", Hydrologic Unit 21010003, at bridge on Highway 411, 0.6 mi (1.0 km) south of Aguada, 1.5 mi (2.4 km) 
upstream from confluence with Rio Ingenio, and 1.9 mi (3.1 km) upstream from mouth of Rio Guayabo.

DRAINAGE AREA.-3.8 mi2 (9.7 km2).

LOW-FLOW ESTIMATES.--Based on correlation of 8 base-flow measurements with concurrent base flows at gaging station 50144000.

REMARKS.-Minor diversions are made above the station to filter plant for public-water supply.

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOWS

Recurrence Lowest average flow, in cubic feet per second,
interval, for indicated number of consecutive days

in years 7 14 30

2 .8 1.0 1.1
10 .5 .6 .7
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Figure 14. Episodic acidification in streamwater and Bear Branch and Fishing Creek tributary watersheds, Catoctin 
Mountain, Maryland, June 18, 1991.
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Bedrock containing carbonate minerals (for ex­ 
ample, limestone and dolomite) or ultramafic min­ 
erals (for example, serpentine, dunite, and gabbro) 
is quite reactive because the kinetics of dissolution 
of these minerals is rapid. Ground water and 
streamwater associated with these types of bedrock 
generally are neutral or alkaline, and watersheds on 
these rock types will not become acidified by acidic 
deposition.

Other bedrock types are silicic (for example, 
quartzite and granite), which contain few reactive 
minerals. Ground water and streamwater associat­ 
ed with silicic rock types generally have low alka­ 
linity and a pH near 6.0 under natural weathering 
conditions. When this type of watershed is stressed 
by acidic deposition, the waters commonly become 
more acidic because few reactive minerals are 
present to neutralize the acidity and because the re­ 
active minerals present exhibit slow dissolution ki­ 
netics. When the only reactive minerals present in 
a watershed have slow dissolution kinetics, a long 
contact time between water and mineral is required 
for a significant amount of reaction to take place. 
The effect of water flow paths is particularly impor­ 
tant in watersheds developed on these rock types 
because they determine the residence time of water 
and, therefore, the degree of reaction between the 
water and the kinetically slow-reacting minerals.

In Eastern United States, stream base flow var­ 
ies seasonally, with higher flows in the winter and 
early spring and lower flows in the summer and 
early fall. Superimposed on the base flow is the 
short duration high flow associated with storms and 
with snowmelt in regions where a snowpack devel­ 
ops during the winter. Summer and fall base flow 
is usually derived entirely from the aquifer during 
the period that the top of the water table is located 
within the bedrock beneath the regolith-bedrock 
contact. This water has undergone extensive reac­ 
tion with primary bedrock minerals and reflects 
these reactions in the ANC and base-cation concen­ 
trations. During winter and spring, the water table 
is usually nearer the land surface and may be above 
the regolith-bedrock contact. Under these condi­ 
tions, the water contacts fewer of the primary bed­ 
rock minerals, and because of the higher water 
table, discharge to streams is generally greater and

the residence time of water is shorter. Winter/ 
spring base flow is, therefore, less concentrated 
with respect to most constituents than summer/fall 
base flow.

Stormflow and snowmelt have minimal resi­ 
dence time in the watershed, and because of the 
shallow flow paths, there is also minimal contact 
with reactive minerals. This stormflow, therefore, 
is commonly acidic and causes episodic acidifica­ 
tion of streams. The largest changes in pH and 
ANC during such episodes occur in streams drain­ 
ing watersheds developed on reactive bedrock be­ 
cause these streams have both high pH and ANC 
under normal flow conditions. However, even 
though the pH and ANC values change, seldom do 
streams of this type show a depression of pH or a re­ 
duction of the ANC sufficient to threaten aquatic 
organisms. A depression of pH or a reduction of the 
ANC in streams draining watersheds developed on 
some bedrock types, however, can be severe 
enough to affect the health of aquatic organisms. 
Watersheds most vulnerable to acidification by 
acidic deposition are those underlain by rock types 
that contain few reactive minerals and in which wa­ 
ter moves through shallow flow paths, providing a 
short residence time for water-rock interaction.

Several watersheds in the Appalachian High­ 
lands that are situated on bedrock types susceptible 
to acidic deposition have shown decreasing ANC 
for 1980-93. Mill Run watershed on Massanutten 
Mountain in north-central Virginia has been inves­ 
tigated by the USGS since 1982 (unpublished data 
at the U.S. Geological Survey in Reston, Va.). Dur­ 
ing 1982-88, seasonal cycles in ANC, base cations, 
and SO42" were indicated in Mill Run. In winter and 
spring, ANC and base-cation concentrations were 
low, and the concentration of SO42" was high. Dur­ 
ing summer and fall, ANC was positive, base-cation 
concentrations increased, and SO42" concentration 
decreased in Mill Run. In 1988, the ANC was neg­ 
ative, and the concentrations of base cations and 
SO42" remained essentially constant throughout the 
year. These conditions have persisted since 1988, 
except for the slightly positive ANC in 1991, a dry 
year with little rainfall and low stream discharge 
(unpublished data at the U.S. Geological Survey in 
Reston, Va.).

48 Factors affecting stream chemistry on Catoctin Mountain, Md.



During 1980-88, two watersheds on rock types 
susceptible to acidic deposition in the Shenandoah 
National Park in north-central Virginia were inves­ 
tigated by researchers at the University of Virginia 
(Ryan and others, 1989). These watersheds showed 
a consistent decrease in the ANC and an increase in 
SO42~ during that period. All of these watersheds 
are retaining SO42~; that is, more SO42" is entering in 
atmospheric deposition than is leaving in stream 
discharge. No trends in the concentration of SO42" in 
atmospheric deposition contributing to any of these 
watersheds have been observed during this period. 
The increases in SO42" concentration must result 
from internal watershed processes. No sources of S 
are known in the watersheds (for example, sulflde 
mineralization or gypsum). Increases in SO42~ con­ 
centrations in streamwater likely result from a de­ 
crease in the ability of the watershed soils to retain 
SO42' as an increasing number of sorption sites be­ 
come saturated because of the substantial loadings 
of SO42" resulting from atmospheric deposition. If 
all of the sorption sites become saturated, the flux of 
SO42" leaving the watershed in stream discharge 
will equal the flux of SO42" entering the watershed 
by way of atmospheric pathways, and no net reten­ 
tion of SO42" will result.

Streams in the Catoctin Mountain area of north- 
central Maryland have been receiving acidic depo­ 
sition (annual volume-weighted field measured 
pH = 4.2) since at least 1982, when the USGS began 
sampling in the area. It is not known when acidic 
deposition began to affect the Catoctin Mountain 
area; however, on the basis of investigations in the 
northeastern United States, deposition was proba­ 
bly quite acidic for at least two decades prior to 
1982 (Likens and others, 1977).

Streams in the Catoctin Mountain area respond 
differently to acidic deposition depending upon the 
type of bedrock underlying the watershed. Streams 
draining watersheds underlain by greenstone, a 
moderately reactive rock type, maintain circumneu- 
tral pH in base flow year round, whereas streams 
draining watersheds on phyllite and quartzite (less- 
reactive rock types) usually have slightly acidic 
base flow (Bricker and Rice, 1989). In contrast, the 
well-buffered streams on the greenstone have the 
largest decreases in pH and in the ANC during

storm runoff, although pH has not decreased below 
6.0 nor has there been a complete loss of the ANC 
during the period of observation. Although the 
magnitude of pH depressions during storms is less 
in streams on phyllite and quartzite where base flow 
is slightly acidic than in streams on greenstone, the 
ANC commonly is reduced to near or below zero in 
streams on phyllite and quartzite (O'Brien and oth­ 
ers, 1993).

Bear Branch and Fishing Creek Tributary 
Watersheds

The two watersheds investigated in this study 
are situated on one of the bedrock types most sensi­ 
tive to acidic deposition. Interpretation of the hy- 
drologic factors affecting the watersheds, the 
sources of stormflow, the geochemical factors af­ 
fecting the watersheds, and the effects of these fac­ 
tors on the chemistry of the streamwater are 
discussed in the following sections.

Hydrologic Factors

Flow paths are difficult to identify because they 
are so numerous and spatially variable. However, 
some generalizations about the relative depths of 
flow paths can be made. Hydrologic and geochem­ 
ical data indicate that base flow of the streams is 
provided by deeper ground-water flow paths than 
paths supplying stormflow in the two watersheds. 
Altitudes of near-stream ground-water levels are 
higher than altitudes of the stream levels for most of 
the year, indicating that ground water discharges to 
the streams and constitutes base flow. The hydro- 
logic data are supported by the geochemical and 
isotopic data, which indicate that near-stream 
ground water is very similar in both geochemical 
and isotopic compositions to streamwater during 
base flow.

Flow paths that provide water to the streams 
during stormflow differ from the flow paths that 
provide streamwater during base flow. Measure­ 
ments of altitudes of the near-stream water table 
during storms indicate that the water table rises rap­ 
idly relative to its pre-storm position (when it pro­ 
vided base flow to the stream). This change in 
altitude of the water table provides the opportunity
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for ground water to come into contact with parts of 
the soil horizon that had not been previously satu­ 
rated, which can cause a change in chemical com­ 
position of the shallow ground water. This change 
in altitude of the water table also increases the hy­ 
draulic gradient of the near-stream ground water. 
At the same time, water that is entering the water­ 
sheds by way of throughfall infiltrates the ground 
surface and percolates through the soil horizon. 
During storms, downward-flowing water in the un- 
saturated zone intersects the water table and be­ 
comes incorporated into the ground-water system 
as shallow ground water. These changes in the 
physical locations of flow paths and increased hy­ 
draulic gradients cause stream discharge to increase 
during storms and cause the chemistry of stormflow 
to change relative to the chemistry of base flow.

Sources of Stormflow

Stormflow is commonly thought to be a combi­ 
nation of water that enters the basin during a storm 
("event" water) and water that was present in the 
basin prior to the storm ("pre-event" water). Event 
water includes precipitation and throughfall. Pre- 
event water consists of ground water, soil water, 
and water in surface storage. The specific types of 
event and pre-event waters are called "components" 
of storm runoff. The fractions of the two types of 
water contributing to stormflow, event and pre- 
event, can be calculated by a storm hydrograph- 
separation technique whereby a series of flow and 
mass-balance equations are solved simultaneously. 
These equations are of the form

fi, = QP + Qe, and 
CtQt = CpQp + CeQe,

where Q is the discharge (volume/time), C is the 
composition of the tracer (mass/volume), and the 
subscripts t, p, and e refer to the total stream dis­ 
charge, pre-event component, and event compo­ 
nent, respectively. Qt is known because it is 
measured at the streamflow-gaging station; all of 
the C terms are known because samples of the com­ 
ponents are collected from the watershed and are 
analyzed in the laboratory. The fractions of Qp and 
Qe are the unknowns and can be determined if a

number of assumptions are satisfied, as discussed 
below.

Sklash and Farvolden (1979) originally used a 
two-component, one-tracer model to evaluate the 
components of stormflow. Since then, the storm 
hydrograph-separation technique has evolved into 
three-component models because it was found that 
soil water can be an important component of storm- 
flow (for example, Kennedy and others, 1986; 
DeWalle and others, 1988). These more complex 
models are still solved on the basis of flow and 
mass-balance equations, but there are more terms in 
the equations. For this study, a three-component, 
two-tracer spreadsheet model, called Separe 
(Sklash and others, in press), was used to perform 
the hydrograph separations. Two of the three com­ 
ponents are considered pre-event water, and the 
third component is considered event water. The 
two pre-event waters are ground water and soil wa­ 
ter, and the event-water component is throughfall. 
The assumptions inherent to performing storm- 
hydrograph separations using this model are that: 
(1) the compositions of the pre-event components 
(ground water and soil water) must be significantly 
different from each other and from that of the event 
component (throughfall); (2) the compositions of 
all components are "conservative" (that is, the com­ 
position does not change as the water travels 
through the watershed to become stormflow), but 
mixing of event and pre-event waters can occur 
anywhere in the watershed; and (3) water in surface 
storage is not a significant contributor to stormflow.

The stable-isotope values of the various waters 
collected in the watersheds are useful in determin­ 
ing the water sources contributing to stormflow. 
The range of 8D and 8 18O becomes successively 
smaller as precipitation passes through various 
compartments of the watershed (fig. 15). By the 
time the water reaches the water table, the isotopic 
composition is relatively uniform (fig. 15), which 
causes the isotope values in base flow to remain rel­ 
atively stable throughout the year (fig. 16). Be­ 
cause the ground-water isotopic composition in 
these watersheds is uniform and different than that 
of soil water, when the isotopic composition of pre­ 
cipitation during an individual storm is significantly 
different from that of both pre-event waters, the hy-
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Figure 15. Isotopic variation of different types of water in Bear Branch and Fishing Creek tributary watersheds, Catoc- 
tin Mountain, Maryland, 1991-93.
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drograph-separation model can be successfully ap­ 
plied. The tracers for the components of stormflow 
used in the model are 8D and Cl". 8D is considered 
to be a conservative tracer because it is actually part 
of the water molecule and moves through the water­ 
shed in the molecule. Chloride also is generally 
considered to be a conservative tracer because it is 
not biologically reactive; there are usually no inter­ 
nal sources of it in the watershed, and it tends to be 
nonreactive with other ions in the water. The third 
assumption for successful hydrograph separation-- 
that storage of water in surface depressions is an in­ 
significant component of stormflow~is considered 
to be a valid assumption for these watersheds.

Stormflow-hydrograph separations were per­ 
formed for the storms collected in each watershed 
throughout the period of study for which the as­ 
sumptions of hydrograph separation could be satis­ 
fied. The tracer values of the throughfall 
component of storm runoff for each storm were ob­ 
tained from the weekly sample of deciduous 
throughfall that included the storm. The tracer val­ 
ues of the soil-water component of storm runoff for 
each storm were obtained from the means of the 
data collected from the upper and lower pans of 
both lysimeter pits after the storm. If no lower pan 
soil-water data were available for a particular 
storm, the means of only the upper pans were used. 
In order to determine the tracer values of the 
ground-water component of storm runoff, all week­ 
ly and biweekly streamwater samples were catego­ 
rized as either base flow or storm runoff on the basis 
of a visual determination from the annual hy­ 
drograph (fig. 13). The chemistry of the catego­ 
rized base-flow samples was compared to that of 
shallow ground-water samples collected during 
base flow to ensure that the categorized samples 
were actual base-flow samples. Of the base-flow 
samples in Bear Branch, the mean value of 8D was 
-46.5 %o (n=66) and the mean value of Cl" was 37.6 
|Lieq/L (n=85); for Fishing Creek tributary, the mean 
value of 8D was -47.7 %o (n=58), and the mean val­ 
ue of Cl" was 37.9 |neq/L (n=191). Unlike precipi­ 
tation, the isotopic signature of base flow shows no 
seasonal variation. Results of the stormflow-hy- 
drograph separations at the peak of the hydrograph 
of each storm based on 8D and Cl" are given in 
table 13.

Results of the stormflow-hydrograph separa­ 
tions are variable. A single component was consid­ 
ered to dominate stormflow if the hydrograph 
separation indicated that it was equal to or greater 
than 50 percent, provided that neither of the two 
other components was equal to 50 percent. These 
criteria were used to quantify the percentage of 
storms where a specific component dominated the 
flow at the peak of the hydrograph. For Bear 
Branch, the percentage of ground water contribut­ 
ing to the peak of the hydrograph ranged from 20 to 
90 percent, soil water ranged from 0 to 80 percent, 
and throughfall ranged from 0 to 50 percent. For all 
of the 17 storms in the Bear Branch watershed dur­ 
ing the period, ground water dominated stormflow 
at the peak of the hydrograph in 53 percent of the 
storms, soil water dominated in 24 percent of the 
storms, and throughfall dominated in 18 percent of 
the storms. For Fishing Creek tributary, the per­ 
centage of ground water contributing to the peak of 
the hydrograph ranged from 20 to 70 percent, soil 
water ranged from 0 to 80 percent, and throughfall 
ranged from 0 to 40 percent. For all of the 11 
storms in the Fishing Creek tributary watershed 
during the period, ground water dominated storm- 
flow at the peak of the hydrograph in 73 percent of 
the storms, soil water dominated in 27 percent of 
the storms, and throughfall dominated in none of 
the storms.

For some storms in both watersheds, results 
from the stormflow-separation model indicated that 
soil water contributed 0 percent of stormflow 
(table 13). This is very unlikely and indicates that 
the soil water that contributed to stormflow may not 
have been adequately characterized by the samples 
that were collected. Some storms had very high 
percentages (50 percent) of throughfall contributing 
to stormflow. This could occur if throughfall trav­ 
eled through the soil zone along very shallow, short 
flow paths. The short transit time would prevent 
much mixing of the throughfall with soil waters and 
allow the throughfall to retain its isotopic signature.

The results of the stormflow-separation models 
suggest that Bear Branch is supplied, in general, by 
shallower flow paths than is Fishing Creek tribu­ 
tary, with flow paths that become even more shal­ 
low during stormflow. A comparison of the seven

Factors affecting stream chemistry on Catoctin Mountain, Md. 53



Table 13. Results of stormflow- hydrograph separations for selected storms, Bear Branch and Fishing Creek tributary watersheds, 
Catoctin Mountain, Maryland, October 1990 through December 1992

[Values given in percent]

Date of 
storm 

Cmonth/day/vr)

10/11/90

10/13/90
10/18/90

10/23/90

11/05/90
03/04/91
05/06/91
06/18/91
08/19/91
09/04/91
09/18/91

03/07/92

04/21/92

07/24/92

08/18/92
11/03/92
12/11/92

05/06/91

05/17/91

06/18/91

08/19/91
09/05/91
09/18/91
02/15/92

03/07/92
04/21/92

05/31/92

12/10/92

Ground water

40
70

90

40
90
60

20
40
70
50
40

90

60

40
50
20
50

70

60

20

50
60

50
40
50

40

50

50

Soil water

Bear Branch

60

0

5

10
10

20
80
60
0

40
10

10

30

10

0
50
40

Fishing Creek tributary

0

40

80

45
0

10
50
50

55

10

10

Throughfall

0
30

5

50

0

20
0
0

30
10
50

0
10

50
50
30
10

30

0
0

5
40
40

10

0

5
40

40
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storms that were sampled simultaneously in the two 
watersheds also indicates that, in general, Bear 
Branch is supplied by shallower flow paths, with 
soil water or throughfall dominating the peak of the 
hydrograph more often than in the Fishing Creek 
tributary watershed. These results support the hy­ 
pothesis that a watershed with higher hydraulic gra­ 
dients (Bear Branch) tends to have shallower, 
shorter flowpaths than a watershed with lower hy­ 
draulic gradients (Fishing Creek tributary).

Geochemical Factors

The composition of streamwater in a watershed 
is affected by the chemistry of the input waters- 
precipitation and throughfall and reactions that 
occur between these waters and watershed compo­ 
nents. The precipitation input to these watersheds 
is usually very dilute, with H+ ion the major cation 
and SO42" the major anion (table 9). The ammoni­ 
um ion and the base cations constitute the remain­ 
der of the cation component, whereas NO3 ~, with 
smaller amounts of Cl~, constitute the remainder of 
the anion component. Throughfall is significantly 
more concentrated in most ions than is precipitation 
(fig. 5) because of wash off of material accumulated 
on leaves between storms and evaporation of pre­ 
cipitation intercepted by the tree canopy. 'Concen­ 
tration differences between precipitation and 
throughfall are greatest during the summer when 
the trees are in full foliage, but even in winter when 
the deciduous trees are leafless, throughfall is more 
concentrated than precipitation.

Throughfall generally has slightly higher con­ 
centrations of cations than inorganic anions, indi­ 
cating that dissolved organic anions are contributed 
by the canopy. Although concentrations of organic 
anions were not measured in the laboratory, the 
magnitude of the anion deficit gives an indication of 
the amount of organic anions present in the 
throughfall sample; that is, the larger the anion def­ 
icit, the greater the concentration of organic anions. 
The presence of organic anions in samples with 
anion deficits was confirmed in the laboratory by 
analysis of dissolved organic carbon (DOC) in the 
sample. When the throughfall reaches the forest 
floor and infiltrates, a sequence of materials is en­ 
countered with which it reacts. The water passes 
through the organic-litter layer, where the decom­

position of abundant organic matter provides a 
source of DOC. Concentrations of elevated DOC 
relative to those in streamwater are present in the 
shallow soil waters of these watersheds. Concen­ 
trations of sulfate are elevated in soil water relative 
to streamwater because SO42~ concentrations in­ 
crease in throughfall as a result of wash off of dry 
deposition.

After passing through the organic-litter layer, 
the water encounters mineral soil. As the water 
moves downward through the soil profile, the DOC 
is oxidized to CO2 by microbes, which raises the 
partial pressure of CO2 of the soil waters relative to 
the open atmosphere. As CO2 dissolves in water, it 
releases H+ ion to solution. This H+ ion, in addition 
to the H+ ion contributed by atmospheric deposition 
and throughfall, reacts with soil minerals and is par­ 
tially neutralized by weathering reactions. The ex­ 
tent of H+-ion neutralization depends on the 
reactivity of the soil and bedrock minerals and the 
residence time of the waters in contact with the min­ 
erals. The H+ ion dissolves aluminum hydroxides 
and aluminosilicate minerals present in the soil pro­ 
file. The dissolution of these aluminum-rich miner­ 
als, which is greater at low pH's than at circum- 
neutral pH's, releases A13+ to solution. The distribu­ 
tion of dissolved A13+ in the waters in these water­ 
sheds indicates that A13+ is derived from the soil 
zone but is not exceptionally mobile. The increase 
in pH of the waters as they travel through the water­ 
sheds probably inhibits the mobility of dissolved 
A13+ . The elevated SO42~ concentrations present in 
the throughfall remain elevated in the soil waters. 
Sulfate concentration in shallow soil water increas­ 
es relative to the throughfall concentration because 
acidic soils contain adsorbed SO42~; as the water 
comes into contact with the soil, the SO42" can de- 
sorb and go into solution.

As the water travels deeper through the soil pro­ 
file and finally encounters the water table, addition­ 
al chemical changes result. The DOC, present in 
shallower waters, has been effectively oxidized by 
the time the waters reach depths of approximately 1 
m below land surface. As a result, shallow ground 
water in these watersheds contains no detectable 
DOC. The abundant H+ ion present in shallower 
waters is consumed in mineral weathering reactions 
in deeper ground water and decreases in concentra-
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tion. These mineral weathering reactions release 
base cations, SiO2, and ANC to solution, and the 
parent rock weathers to aluminum-silicate clays, 
such as kaolinite, in the soil zone. Elevated concen­ 
trations of base cations and SiO2 relative to their 
concentrations in input waters have been measured 
in samples of shallow ground water from the two 
watersheds. The shallow ground water in these wa­ 
tersheds is in contact with few reactive minerals, so 
neutralization of the H+ ion in solution is not com­ 
plete, and the ground water discharging to the 
streams is slightly acidic. The carbonic acid gener­ 
ated when CO2 dissolves in water is involved in re­ 
actions that produce ANC. Another source of ANC 
in perennially wet soils (riparian zones) along the 
stream channel is dissimulatory SO42" reduction:

2Corganic 2H0 = HS + 2HC0:

The reduction of SO42~ causes SO42~ concentra­ 
tions to decrease and ANC to be generated. In the 
shallow well points in the Fishing Creek tributary 
watershed, the odor of hydrogen sulfide (H2S) is ap­ 
parent when the dark, fine-grained sediments in the 
bottom of the well points are disturbed. Additional 
evidence that SO42~ reduction may be occurring in 
the Fishing Creek tributary watershed is the higher 
ANC and the lower concentration of SO42~ in Fish­ 
ing Creek tributary streamwater than in Bear 
Branch streamwater. The relative importance of 
SO42" reduction and SO42~ adsorption in these sys­ 
tems has not been quantified; however, a significant 
amount of the incoming dissolved SO42" potentially 
could be lost to gas or solid phases through these 
processes. A gaseous phase could be produced 
through reduction of the SO42" to H2S, which would 
subsequently be evolved to the atmosphere. A solid 
phase could be produced through reduction of the 
SO42" and precipitation as iron sulfide.

Mass-balance calculations for the two water­ 
sheds indicate that H+ ion deposited by precipitation 
is nearly all neutralized or exchanged, so that little 
H+ ion is exported from the watershed on an annual 
basis. Analysis of the base cation and SiO2 wet- 
deposition loadings and the corresponding exports 
by the streams, and the neutralization of atmospher­ 
ic inputs of H+ ion indicates that weathering of sili­ 
cate minerals occurs in the watersheds. ANC is 
generated as a product of silicate weathering. Larg­

er amounts of ANC are exported in Fishing Creek 
tributary than in Bear Branch, suggesting that more 
weathering occurs in this watershed, or that dissim­ 
ulatory SO42" reduction significantly contributes to 
ANC generation. Most importantly, from the stand­ 
point of the effects of acidic deposition, is the pro­ 
cessing of SO42" in the watersheds. Both 
watersheds export less SO42" than they receive 
through wet-deposition loadings, with Fishing 
Creek tributary exporting much less than Bear 
Branch on an annual basis. The apparent net reten­ 
tion of SO42" in both watersheds suggests that either 
SO42" adsorption or SO42" reduction or both may be 
important processes.

The chemistry of these systems can be modeled 
with the geochemical code NETPATH (Plummer 
and others, 1991). In the Bear Branch and Fishing 
Creek tributary watersheds during the growing sea­ 
son, the tree canopy is continuous over the water­ 
sheds and the streams, so there are very few open 
areas that receive direct precipitation. The chemis­ 
try of the input waters to these watersheds is, there­ 
fore, essentially that of throughf all. In model 
simulation, the average annual volume-weighted 
throughfall (or precipitation) composition is used as 
the initial water, and average annual volume- 
weighted streamwater composition is used as the fi­ 
nal water. Information about the primary and sec­ 
ondary minerals present in the watershed, a 
botanical uptake term, and a dilution/evaporation 
factor are incorporated in the model.

Geochemical model simulation for Bear 
Branch for 1991, using the deciduous throughfall as 
the input water, shows that 0.085 millimoles 
(mmol) of aluminum hydroxide, 0.016 mmol of 
chlorite, 0.027 mmol of epidote, 0.024 mmol of pla- 
gioclase feldspar, and 0.055 mmol of potassium 
feldspar per kilogram of water dissolve and that 
0.140 mmol of kaolinite is formed per kilogram of 
water. These reactions account for the streamwater 
composition and the residual kaolinite in the water­ 
shed. The removal of SO42" in some form (reduc­ 
tion to H2S or precipitation as FeS2) is allowed in 
model simulation, and NO3~ and the base cations 
Ca2+, Mg2+ , and K+ are attributed to botanical up­ 
take.
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Geochemical model simulation for Fishing 
Creek tributary for 1991, using the deciduous 
throughfall as the contributing water, shows that 
0.014 rnmol of chlorite, 0.019 mmol of epidote, 
0.039 mmol of plagioclase feldspar, and 0.182 
mmol of potassium feldspar per kilogram of water 
dissolve and that 0.322 mmol of kaolinite is formed 
per kilogram of water. Using throughfall as the in­ 
put term necessitates the concentration, through 
evaporation, of the input water by a factor of 2.9, al­ 
lows the removal of SO42~ in some form, allows the 
generation of CO2 gas, and attributes NO3" and the 
base cations Ca2+, Mg2+, and K+ to botanical up­ 
take. Reconstructions of the chemical composi­ 
tions of the streamwater in both watersheds in 1991 
from weathering of primary and secondary minerals 
are shown in figure 17.

During stormflow, SO42~ concentrations in­ 
crease as a result of the remobilization of SO42~ tem­ 
porarily stored in the unsaturated zone. Also during 
stormflow, concentrations of the base cations Ca2+, 
Mg2+, and K+ increase. This increase in base cat­ 
ions during stormflow is unlike the behavior of base 
cations in watersheds on more reactive bedrock 
types on Catoctin Mountain, where decreases in 
concentrations of base cations result during storm- 
flow due to dilution. Two hypotheses could explain 
this concentration of base cations during stormflow 
in the two watersheds studied. The first hypothesis 
is that throughfall and dry deposition supply the ad­ 
ditional base cations to the watersheds. Between 
storms, the base cations accumulate and are stored 
in the unsaturated zone in pore solutions or as Cl~ 
and SO42" salts. During storms, the cations are 
quickly mobilized and routed to the streams along 
shallow flow paths before tree roots are able to up­ 
take and incorporate them into the botanical cycle. 
The second hypothesis involves cation exchange. 
Hydrogen ions in the incoming precipitation and 
throughfall exchange for Ca2+ and Mg2+ ions on ex­ 
change sites on watershed components; the Ca2+ 
and Mg2+ ions then travel rapidly through the sys­ 
tem to contribute to stormflow.

The first hypothesis is plausible because the 
streamwaters are so dilute that only small amounts 
of cations contributed to the watershed are needed 
to increase concentrations. In contrast, in water­ 
sheds with waters with higher concentrations of cat­

ions, the relatively dilute throughfall has no effect 
on the concentrations of stormflow. An increase in 
Cl" concentration in stormflow was observed in 
some of the storms sampled, and an increase in 
SO42" concentration in stormflow was observed in 
all storms sampled (fig. 5). The second hypothesis 
applies to many watersheds in the northeastern 
United States; however, the fact that the cation- 
exchange capacities of the soils in these watersheds 
are low (tables 3 and 4) suggests that the process of 
cation exchange might not be as important as con­ 
tributions from throughfall in explaining the con­ 
centration of base cations during stormflow.

Transferability and Limitations of Results

The findings of the watershed investigations 
on Catoctin Mountain have substantial transferabil- 
ity not only to the rest of the Blue Ridge Physio­ 
graphic Province in Maryland, but to watersheds 
underlain by rock types with similar mineralogy 
across the United States and in other countries. Re­ 
sults of sampling numerous streams flowing on 
quartzite, phyllite, and greenstone in the Maryland 
Blue Ridge Physiographic Province indicate that 
the chemistry of streamwater and the sensitivity of 
streams to acidification can be determined based on 
the geology of the watersheds (Bricker and Rice, 
1989). Streams flowing on quartzite in the Virginia 
Blue Ridge Physiographic Province behave in an 
identical manner to those on Catoctin Mountain 
(Lynch and Dise, 1985; Ryan and others, 1989; 
Webb and others, 1994). Investigations of streams 
in watersheds underlain by quartzite and sandstone 
in other areas of Maryland and Virginia, in other re­ 
gions of the United States, and in other countries 
show that the chemistry of the streams is consistent 
and predictable based on watershed geology 
(Corbett and Lynch, 1982; Lynch and Dise, 1985; 
Lynch and others, 1986; Bricker, 1986; Reynolds 
and others, 1986; Fottova, 1987; Dewalle and oth­ 
ers, 1987; Barker and Witt, 1990; Murdoch, 1991; 
Finley and Drever, 1992). Streams flowing on un- 
consolidated siliciclastic formations of the Coastal 
Plain Physiographic Province of Maryland and Vir­ 
ginia have similar chemistries to those streams 
flowing on quartzite and sandstone (Knapp and oth­ 
ers, 1988b; Kuebler, 1991; Rice and Bricker, 
1992b; O'Brien and others, 1993).
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The largest differences among watersheds on 
similar rock types occur in the behavior of DOC and 
dissolved nitrogen species. Coastal Plain streams 
commonly contain much higher concentrations of 
DOC than do streams in the Piedmont, Blue Ridge, 
Folded Appalachian or Appalachian Plateau Physi­ 
ographic Provinces. The DOC content of streams 
has implications about the behavior and toxicity of 
aluminum in waters. Streams with high DOC con­ 
centrations can have much higher concentrations of 
aluminum without being toxic to aquatic organisms 
than do streams with low concentrations of DOC 
(Driscoll and others, 1980). This is related to the 
complexation of aluminum by dissolved organic 
compounds, which forms an aluminum-organic 
complex that has much lower toxicity than inorgan­ 
ic-aluminum species. The behavior of nitrogen spe­ 
cies in these streams is related to the type and stage 
of growth of vegetation in the watershed, the season 
of the year, and the nitrogen loading to the water­ 
shed from atmospheric deposition.

SUMMARY

The hydrology and geochemistry of Bear 
Branch and Fishing Creek tributary, two small 
headwater streams on Catoctin Mountain, north- 
central Maryland, were investigated from 1990 
through 1993. The streams were chosen because 
they drain undisturbed forested watersheds that 
(1) are developed on a rock type that has very little 
capacity to buffer acidity, and (2) receive some of 
the most acidic atmospheric deposition in Mary­ 
land. Effects of acidic deposition would be expect­ 
ed to occur first in undisturbed forested watersheds 
with low buffering capacities and would serve as an 
indicator for potential future changes in watersheds 
with higher buffering capacities. Investigations 
show that under base-flow conditions, watershed 
processes maintain the stream pH in a slightly acid­ 
ic range (pH 5.0-6.0) and generate a small, but pos­ 
itive, acid-neutralizing capacity (ANC). Base flow 
of the streams is primarily maintained by ground- 
water discharge, water that has traversed deeper 
flow paths and has had longer contact with water­ 
shed materials than waters from the shallow soil 
zone. Isotopic investigations indicate that most re­ 
charge to ground water occurs during November 
through April when forest vegetation is dormant.

The relative stability of the isotopic composition of 
base flow during a 3-year period of measurement 
suggests that the water in the aquifer is well mixed. 
Simulating changes in chemistry between atmos­ 
pheric deposition inputs and stream base flow with 
the geochemical code NETPATH indicates the po­ 
tential importance of mineral weathering in affect­ 
ing water chemistry in these watersheds.

In contrast to base-flow conditions, during 
stormflow, water is contributed to the stream from 
sources in addition to the aquifer. Stormflow hy- 
drograph-separation techniques suggest that storm- 
flow comprises water from at least three sources: 
the aquifer (pre-event water), water stored in the un- 
saturated zone (pre-event water), and water from 
the storm (event water). The major contributors to 
stormflow are the aquifer and water from the unsat- 
urated zone (pre-event water). Smaller portions of 
water from the storm (event water) contribute to 
stormflow. During storms, the buffer capacity of 
watersheds sensitive to acidification is over­ 
whelmed, pH is depressed, and the ANC decreases 
or, in some storms, becomes negative. Episodic 
acidification may significantly affect the biological 
resources of these watersheds.

The two watersheds studied are typical of wa­ 
tersheds throughout the Blue Ridge Province under­ 
lain by siliciclastic rocks and of other watersheds, 
worldwide, underlain by similar rock types. These 
watersheds represent one of the most sensitive types 
of hydrologic systems to the effects of acidic depo­ 
sition and could serve as early-warning indicators 
for changes resulting from the effects of acidic dep­ 
osition.
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