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Analysis of Flow Durations for Selected Streams in 
Puerto Rico Through 1994
By James B. Atkins, Francisco Perez-Blair, and James L Pearman

Abstract

Flow-duration discharges were computed 
for 84 continuous-record streamflow-gaging 
stations in Puerto Rico, for which at least 5 years 
of daily-mean discharge record existed through 
the 1994 water year ending September 30, 1994. 
Daily-mean discharges were adjusted at 36 of 
these gaging stations based on water-use data for 
water-filtration plants and wastewater treatment 
plants. Flow-duration curves were computed 
utilizing the adjusted discharge record for the 36 
of these gaging stations and represent the flow- 
duration discharge at a gaging station if water was 
not withdrawn or discharged into the stream by 
treatment plants upstream from the gaging station. 
In general, the flow-duration discharges for the 
adjusted streamflows were higher than the flow- 
duration discharges for the unadjusted 
streamflows, and indicate that more water is being 
withdrawn from the streams by water-filtration 
plants than is being discharged into the streams by 
wastewater treatment plants.

INTRODUCTION

Puerto Rico is an island with a surface area of 
3,435 mi2 and a population of approximately 3.5 
million in 1990. Population on the island increased by 
9 percent from 1980 to 1990; the population is 
expected to be 3.9 million by the year 2000 (U.S. 
Geological Survey, 1993), which corresponds to an

increase in the population of 11 percent. The 
increasing population along with expanding industrial 
development has placed significant demands on the 
island's water resources. In addition, from the summer 
of 1993 until the spring of 1995, Puerto Rico was 
subjected to drought conditions causing below average 
streamflows that resulted in public water supply and 
water distribution shortages.

Streamflow characteristics are often used to 
assess and manage the quantity and quality of surface- 
water resources. In Puerto Rico, water management 
agencies use flow-duration curves to assist in the 
design of water supplies and waste-allocation studies. 
Continued population growth and industrial expansion 
will require that adequate planning and management 
of water resources be implemented to ensure that 
extremely low streamflows do not result in more 
severe public water-supply shortages in the future.

In 1995, the U.S. Geological Survey (USGS), in 
cooperation with the Puerto Rico Aqueduct and Sewer' 
Authority (PRAS A), began a study of flow durations * 
for streams in Puerto Rico. The study objectives were 
to compile existing streamflow data, compute the flow 
durations, and present the flow durations in a report.

Purpose and Scope

This report provides estimates of flow-duration 
discharge data for 84 continuous-record streamflow- 
gaging stations in Puerto Rico for which at least 5 
years of daily-mean discharge data were available

Introduction 1



through the 1994 water year 1 . Daily discharge records 
for gaging stations located on streams which are 
affected by surface-water withdrawals or effluent 
discharges were adjusted by adding flows which were 
withdrawn from the stream or by subtracting flows 
which were discharged into the stream upstream of the 
gage. Flow-duration curves were then computed for 
the adjusted daily discharges and represented the flow- 
duration characteristics at a gaging station, if water 
was not withdrawn or discharged into the stream 
upstream from the gaging station. Of the 84 gaging 
stations presented in this report, 36 have adjusted 
streamflow record. Of the 36 stations with adjusted 
data, 20 were adjusted because of filtration-plant 
withdrawals only, one was adjusted because of 
wastewater-treatment plant effluent only, and 15 were 
adjusted for both filtration-plant withdrawals and 
wastewater-treatment plant effluent.

Previous Investigations

Quinones and others (1984) described flow- 
duration discharges for 78 streamflow-gaging stations 
in Puerto Rico through the 1982 water year. In the 
Quinones and others report, flow durations were 
computed for the entire periods of record as well as for 
individual months. The periods of record for the 
gaging stations used in that study ranged from 3 to 25 
years.

Description of the Study Area

The area of this study is the island of Puerto 
Rico, which is bounded by the Atlantic Ocean to the 
north and the Caribbean Sea to the south. The island's 
principal streams flow from a central mountain range 
 the Cordillera Central to the sea through a system 
of small rivers. Flow along the streams in the north 
coast area is perennial; however, many of the streams 
along the south coast have almost no flow during the

dry season. Only seven basins in Puerto Rico have
f\

drainage areas larger than 100 mi and base flows
o

throughout the island are generally less than 100 ft /s 
(U.S. Geological Survey, 1986).

Average annual precipitation varies greatly, 
from as much as 250 in. in eastern Puerto Rico to as 
little as 30 in. in southwestern Puerto Rico. Annual 
precipitation averages about 75 in. along the north 
coast and less than 35 in. along the south coast. 
Precipitation on the island occurs more frequently 
during a spring rainfall period occurring in April and 
May and a wet season from August through 
November. Typically, a generally dry season begins in 
December and usually ends in March or April and an 
erratic, semi-dry period occurs in June and July. 
Approximately 55 percent of the average annual 
rainfall on Puerto Rico is lost to evapotranspiration. 
Average annual runoff ranges from about 20 in. in the 
north, due to regulation and withdrawals for public 
water supply, to about 150 in. in the rain forest of 
eastern Puerto Rico. Generally, a large part of the 
annual runoff occurs during August through 
December and during April and May (U.S. Geological 
Survey, 1986).

METHODS OF ANALYSIS

All existing daily streamflow data through the 
end of the 1994 water year for gaging stations with a 
minimum of 5 years of record (84 stations; fig. 1) were 
compiled and used to create a data base using the 
ANNIE data management system (Lumb and others, 
1990). The streamflow-gaging stations used in the 
study are listed in table 1 and shown in figures 2 to 15 
(pages 19 to 32). Of the 84 gaging stations used in the 
study, 50 stations had periods of record of 10 or more 
years duration. In addition, withdrawals from water- 
filtration plants and effluent discharges from 
wastewater treatment plants were compiled from data 
furnished by PRASA (1992) and Black and Veatch 
(1996).

1 A water year is defined as the 12-month period from October 
1 to September 30; for example, the 1994 water year includes the 
period October 1,1993, to September 30,1994.

Analysis of Flow Durations for Selected Streams in Puerto Rico Through 1994
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Table 1. Active and discontinued streamflow-gaging stations in Puerto Rico used in the study
[--, indeterminate; mi2 , square miles]

USGS station 
number

50010600

50011200

50011400

50014800

50015700

50021500

50023000

50025155

50027750

50028000

50028400

50029000

50030460

50031200

50031500

50033500

50034000

50035000

50038100

50038320

50039500

50040000

50043000

50043800

50045010

50046000

50047850

50048770

50049000

50049100

Station name

Rio Guajataca above Lago Guajataca

Rio Guajataca below Lago Guajataca

Rio Guajataca above mouth near Quebradillas

Rio Camuy near Bayaney

Rio Camuy near Hatillo

Rio Pellejas near Utuado

Rio Vivi near Central Pellejas

Rio S alien te at Coabey near Jayuya

Rio Grande de Arecibo above Arecibo

Rio Tanama near Utuado

Rio Tanama at Charco Hondo

Rio Grande de Arecibo at Central Cambalache

Rio Orocovis near Orocovis

Rio Grande de Manati near Morovis

Rio Sana Muerto near Orocovis

Rio Bauta near Divisoria

Rio Bauta near Orocovis

Rio Grande de Manati at Ciales

Rio Grande de Manati at Highway 2 near Manati

Rio Cibuco below Corozal

Rio Cibuco at Vega Baja

Rio de la Plata at Lago Carite

Rio de la Plata at Proyecto La Plata

Rio de la Plata at Comerio

Rio de la Plata below La Plata Dam

Rio de la Plata at Highway 2 near Toa Alta

Rio de Bayamon near Bayamon

Rio Piedras at El Senorial

Rio Piedras at Rio Piedras

Rio Piedras at Hato Rey

Drainage area 
(mi 2 )

-
 

~

--

--

9.55

5.66

9.25

175

18.4

57.6

200

5.03

55.2

3.68

3.68

16.7

128

197

15.1

99.1

8.2

63.0

109

173

208

41.8

7.49

12.5

15.4

Period of 
record 

(water years)

1984-89

1969-70 
1984-87

1969-70 
1984-89

1984-94

1984-94

1969-74

1969-74

1989-94

1982-94

1959-94

1969-71 
1981-94

1969-83

1981-82 
1988-94

1965-94

1965-70

1949-54

1969-82 
1988-94

1960-94

1970-94

1969-94

1973-94

1949-67

1960-94

1988-94

1989-94

1960-94

1964-70 
1988-94

1988-94

1971-82 
1987-93

1988-94

Analysis of Flow Durations for Selected Streams in Puerto Rico Through 1994



Table 1. Active and discontinued streamf low-gag ing stations in Puerto Rico used in the study-Continued

USGS station 
number

50050900

50051150

50051180

50051310

50053050

50055000

50056400

50057000

50059050

50061300

50061800

50062500

50063250

50063300

50063440

50063500

50063800

50064200

50065500

50065700

50067000

50071000

50072000

50073400

50075000

50077000

50081000

50082800

50090500

50092000

50093050

Station name

Rio Grande de Loiza at Quebrada Arenas

Quebrada Blanca at El Jagual

Quebrada Salvatierra nr San Lorenzo

Rio Cayaguas at Cerro Gordo

Rio Turabo at Borinquen

Rio Grande de Loiza at Caguas

Rio Valenciano near Juncos

Rio Guarabo at Gurabo

Rio Grande de Loiza below Damsite

Rio Canovanillas near Loiza

Rio Can6vanas near Campo Rico

Rio Herrera near Colonia Dolores

Rio Espiritu Santo above El Verde

Rio Espiritu Santo near El Verde

Quebrada Sonadora near El Verde

Quebrada Toronja at El Verde

Rio Espiritu Santo near Rio Grande

Rio Grande near El Verde

Rio Mameyes near Sabana

Rio Mameyes at Highway 191 at Mameyes

Rio Sabana at Sabana

Rio Fajardo near Fajardo

Rio Fajardo at Fajardo

Quebrada Palma at Daguao

Rio Icacos near Naguabo

Rio Blanco at Rio Blanco

Rio Humacao at Las Piedras

Rio Guayanes near Colonia Laura

Rio Maunabo at Lizas

Rio Grande de Patillas near Patillas

Rio Grande de Patillas at Lago Patillas

Drainage area 
(mi2 )

6.0

3.25

3.74

10.2

7.89

89.8

16.4

60.2

209

14.4

9.84

2.75

2.13

2.23

1.01

0.06

8.62

7.31

6.88

11.8

3.96

14.9

21.6

4.84

1.26

17.6

6.65

4.69

5.38

18.3

25.6

Period of 
record 

(water years)

1977-94

1984-94

1984-94

1977-94

1984-90

1959-94

1971-94

1959-94

1986-94

1967-73

1967-94

1966-73

1945-52

1945-52

1983-94

1983-94

1966-94

1967-70 
1972-82 
1990-94

1967-73 
1983-94

1967-85

1979-94

1961-94

1960-66

1972-77

1945-53 
1979-94

1972-77

1974-77 
1987-94

1969-82

1971-85 
1991-94

1966-94

1949-58

Methods of Analysis



Table 1. Active and discontinued streamflow-gaging stations in Puerto Rico used in the study-Continued

USGS station 
number

50100200

50100450

50106100

50108000

50110900

50111500

50112500

50113800

50114000

50114390

50115000

50121000

50124000

50124200

50125790

50129500

50136000

50136400

50138000

50141000

50142700

50144000

50147800

Station name

Rio Lapa near Rabo del Buey

Rio Majada at La Plena

Rio Coamo at Coamo

Rio Descalabrado near Los Llanos

Rio Toa Vaca above Lago Toa Vaca

Rio Jacaguas at Juana Diaz

Rio Inab6n at Real Abajo

Rio Cerrillos above Lago Cerrillos near Ponce

Rio Cerrillos near Ponce

Rio Bucana at Highway 14 bridge near Ponce

Rio Portugues near Ponce

Rio Tallaboa at Penuelas

Rio Guayanilla near Guayanilla

Rio Guayanilla near Guayanilla

Rio Yauco at Luchetti Damsite

Rio Loco near Guanica

Rio Rosario at Rosario

Rio Rosario near Hormigueros

Rio Guanajibo near Hormigueros

Rio Yahuecas near Adjuntas

Rio Prieto near Lares

Rio Grande de Anasco near San Sebastian

Rio Culebrinas at Highway 404 near Moca

Drainage area 
(mi 2 )

9.92

16.7

43.5

12.9

7.64

49.8

9.7

11.9

17.8

24.9

8.82

24.2

18.5

18.9

17.4

21.0

16.4

18.3

120

15.4

14.2

94.3

71.2

Period of 
record 

(water years)

1988-94

1988-94

1987-94

1966-69
1984-94

1989-94

1984-94

1964-70
1971-94

1988-94

1964-85
1991-94

1987-94

1964-94

1959-82

1961-69

1981-94

1946-51

1963-68

1960-65
1975-86

1985-94

1973-94

1946-66
1980-85

1949-57

1963-94

1967-94

Analysis of Flow Durations for Selected Streams in Puerto Rico Through 1994



Flow-Duration Analysis

Flow-duration discharges are based on flow- 
durations curves which are developed for the 84 
continuous-record gaging stations with 5 or more 
years of record using methods described by Searcy 
(1959). A flow-duration curve is a cumulative 
distribution of daily-mean discharges arranged to 
show the percentage of time specific discharges 
were equaled or exceeded during the gaging 
station's period of record. Flow-duration 
discharges are used for studying the flow 
characteristics of streams and for comparing 
hydrologic characteristics of one basin with 
another (Searcy, 1959). The shape of the flow- 
duration curve is affected by the hydrologic and 
geologic characteristics of a drainage basin. A 
curve with a steep slope represents a stream whose 
flow is primarily the result of direct surface runoff, 
whereas a curve with a flat slope represents a 
stream whose flow is significantly augmented with 
water released from surface- or ground-water 
storage. The slope of the lower end of the duration 
curve indicates the storage characteristics of the 
basin; a flat slope at the lower end indicates a large 
amount of storage and a steep slope indicates a 
small amount. Streams with large floodplain 
storage or that drain swamp areas tend to have a 
flat slope at the upper end of the curve.

The flow-duration discharges were 
computed using SWSTAT, a computer program 
used for interactive computation of surface-water 
statistics (A.M. Lumb, W.O. Thomas Jr., and K.M. 
Flynn, USGS, written commun., 1994), which 
separates daily-mean discharges into class intervals 
based on the total range of discharge at the station 
for the period of record. The number of days that 
flows occur in each class interval are counted, and 
the percentage of days that each class interval 
discharge was equaled or exceeded are computed. 
A flow-duration curve is plotted using the 
logarithms of the class interval discharges and the 
percentage of days that the flows exceeded the 
indicated discharges, as shown in figure 16.

Flow-duration curves represent only the 
period for which they are calculated. Flow- 
duration discharges computed for different periods 
at a single site are not considered equivalent,

because climatic conditions and subsequent streamflows 
during the different periods may not be the same. For 
example, all daily-mean discharges that were less than 
the 95-percent flow duration for a 10-year period may 
have occurred during a single 6-month period. The 95- 
percent flow duration for the 10-year period is then equal 
to the 50-percent duration discharge for the year 
containing that 6-month period. Likewise, if all daily 
discharges in the 6-month period were the lowest in 20 
years, the same discharge may have been equaled or 
exceeded 97.5 of the time during the 20-year period. 
Although flow-duration discharges computed for 
different periods are not considered equivalent, the flow- 
duration curve can be used to estimate the percentage of 
time that selected discharges that occur in the future will 
be equaled or exceeded if the period of record used to 
compute the flow-duration curve is of sufficient length 
and if discharges during that period are considered to 
adequately represent long-term conditions (Ries, 1994).
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Figure 16. An example of a flow-duration curve for gaging 
station 50028000, Rio Tanama near Utuado, Puerto Rico, 
1960-94.
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Adjustments to Daily Discharge Record ESTIMATES OF FLOW-DURATION DISCHARGES

Water-use data from the PRASA consisted of 
withdrawal rates for water-treatment filtration plants 
(Black and Veatch, 1996) and wastewater effluent 
discharge rates (PRASA, 1992). Water-use discharges 
were based on data during the 1991 calendar year. 
Because water-use data were not available for each 
year of each treatment plant's operation, the 1991 
discharges were assumed to be constant for each 
treatment plant's period of operation. The daily 
streamflow at gaging stations for which treatment 
plants existed upstream was adjusted based on the 
treatment plant type. Flows recorded at water-filtration 
plants were added to the daily streamflow values, 
because the water-filtration plants always withdraw 
water from the stream. Flows recorded at wastewater 
treatment plants were subtracted from the daily 
streamflow values, because wastewater treatment 
plants always discharge water to the stream. The 
gaging stations affected by these two types of water 
treatment plants are listed in tables 2 and 3. Of the 36 
stations with adjusted streamflow data, 20 were 
adjusted for filtration-plant withdrawals only, one was 
adjusted for wastewater-treatment plant effluent only, 
and 15 were adjusted for both filtration-plant 
withdrawals and wastewater treatment-plant effluent.

After the daily-mean discharges for the gaging 
stations were adjusted, flow-duration curves were 
computed for the adjusted daily discharge record. The 
flow-duration curves were developed using the 
methods presented earlier in the "Flow Duration 
Analysis" discussion of this report.

The flow-duration discharges for all stations 
included in this study are included in table 4. Flow- 
duration discharges for 36 stations with adjusted daily- 
mean discharge records are also included in table 4 
and represent the flow-duration discharge at a gaging 
station, if water was not withdrawn or discharged into 
the stream by treatment plants upstream from the 
gaging station. In general, the flow-duration 
discharges for the adjusted streamflows were higher 
than the flow-duration discharges for the unadjusted 
streamflows. The higher flow-duration discharges 
indicate that more water is being withdrawn from the 
streams by the water-filtration plants than is being 
discharged into the streams by the wastewater 
treatment plants.

SUMMARY

Flow-duration discharges were computed for 84 
continuous-record streamflow gaging stations in 
Puerto Rico for which at least 5 years of daily-mean 
discharge record existed through the 1994 water year. 
Daily-mean discharges were adjusted at 36 gaging 
stations, based on water-use data for water-filtration 
plants and wastewater treatment plants. Flow-duration 
curves were computed utilizing the adjusted discharge 
record for these 36 gaging stations and represent the 
flow-duration discharge at a gaging station, if water 
was not withdrawn or discharged into the stream by 
treatment plants upstream from the gaging station. In 
general, the flow-duration discharges for the adjusted 
streamflows were higher than the flow-duration 
discharges for the unadjusted streamflows and indicate 
that more water is being withdrawn from the streams 
by the water-filtration plants than is being discharged 
into the streams by the wastewater treatment plants.

8 Analysis of Flow Durations for Selected Streams in Puerto Rico Through 1994
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Figure 2. Location of gaging stations and water-treatment plants in the Rio Guajataca basin, Puerto Rico.
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Figure 3. Location of gaging stations and water-treatment plants in the Rio Camuy basin, Puerto Rico.
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Figure 4. Location of gaging stations and water-treatment plants in the Rio Grande de Arecibo basin, Puerto Rico.
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Figure 5. Location of gaging stations and water-treatment plants in the Rio Grande de Manati basin, Puerto Rico.
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Figure 6. Location of gaging stations and water-treatment plants in the Rio Cibuco basin, Puerto Rico.
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Figure 7. Location of gaging stations and water-treatment plants in the Rio de la Plata basin, Puerto Rico.
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Figure 8. Location of gaging stations and water-treatment plants in the Rio Grande de Loiza basin, Puerto Rico.
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