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CONVERSION TABLE

To obtain SI units

1

Multiply inch-pound units

FLOW

cubic feet per second (3ft/s) 0.02832 cubic meters per second

(£t3/s) (w>/s)




FLOW DURATION
AT STREAMFLOW GAGING STATIONS IN PUERTO RICO

By Ferdinand Quifiones, Eloy Colon-Dieppa, and Max Juarbe

ABSTRACT
Flow-duration tables were computed for 78 streamflow continuously
gaging stations in Puerto Rico. Mean-daily discharges were used to
compute the duration frequencies for the historical period of record of
the stations as well as for individual months. The period of record at

the gaged sites ranged from 3 to 25 years.

INTRODUCTION

The U.S. Geological Survey, Water Resources Division, has collected
streamflow data throughout the island of Puerto Rico since 1959.
Streamflow data include determinations of mean-daily discharges at
recording stations at the principal streams in Puerto Rico. The data
have been published since 1964 in a series of reports denominated "Water

Records for Puerto Rico".

The data are stored in the Water Resources Division's National
Water Storage and Retrieval System (WATSTORE). The data base can be
accessed readily by water users in and outside of the Island through
remote terminals located at U.S. Geological Survey District offices.
The computerized WATSTORE system provides a variety of statistical
programs for the analyses of the data. A flow-duration computation
program, including determinations of historical and monthly-duration

frequencies, is one of the available programs.



INTRODUCTION-Continued
Flow-duration data are used extensively by engineers and
hydrologists in many water-related problems. Flow-duration frequencies
can assist in the design of water-supply works, in waste-allocation

studies, and in low-flow investigations.

In 1983, a project was begun in cooperation with the Puerto Rico
Aqueduct and Sewer Authority and the Puerto Rico Environmental Quality
Board, to compute and compile in one report historical and monthly
flow-duration data. Computations utilizing WATSTORE program A969 were
made for each continuous recording gaging station in Puerto Rico, active
or inactive, for which 3 or more years of mean-daily discharge records
were available. All records available through the 1982 water year

(ending on September 30, 1982) were utilized in the computations.

SIGNIFICANCE AND iNTERPRETATION OF FLOW-DURATION DATA

Flow-duration data, in the form of curves, have been used since
1924 (Foster, 1924). The methodology on which WATSTORE program A969 is
based is described by Searcy (1959). The duration curve is a cumulative-
frequency curve that indicates the percent of the time that a particular
parameter was equalled or exceeded. Statistically, the flow-duration
curve integrates the frequency of occurrence of the parcmeter described.
The duration curve does not indicate any chronological order and techni-
cally applies only for the period for which the data used in the analyses
were collected. 1In practice, flow-duration curves are widely used for

estimating flow parameters over time and space.



‘SIGNIFICANCE AND INTERPRETATION OF
FLOW-DURATION DATA-Continued
Flow duration curves can be prepared from daily, weekly, monthly or
other time period basis of flow determinations. The data points during
a given period are arranged according to the magnitude in a range of
classes, and the percent of time during which the flow equals or exceeds
the specified values is computed. A curve can be drawn through the
computed points or the data can be summarized in a table format as in

this report.

The following are typical applications of flow-duration data:

1. Computation of suspended-sediment loads utilizing techniques
described by Miller (1951).

2. Estimation of long-term flow durations at a gaging station with
a short-term record. An index station with long-term flow duration data
is necessary (Searcy, 1959).

3. Estimation of statistical variables such as the mean, mode, and
median (Cross and Hedges, 1959).

4., Study of basin characteristics on the basis of the shape of the

curve (Searcy, 1959).



HISTORICAL AND MONTHLY FLOW-DURATION TABLES

Generally the flow-duration distribution for a station is computed
from the maximum number of flow determinations available for the
existing period of record. The mean-daily discharges computed from a
continuously recording gaging station provides the most satisfactory
flow statistics to determine a reliable distribution through the entire
flow regime. However, a distribution or curve defined on the basis of
the total data points available from the historical record, does not
provide information as to time and seasonal effects. The seasonal
nature of the streamflow can be investigated from a partial-duration
curve based on data points collected during individual months. In a
partial-duration curve, all the mean-daily discharges for all of the
months of January of record are used to define a January flow-duration

curve.

Examples of historical flow-duration curve compared to the partial
curves for the individual months are shown in figure 1. The seasonal
nature of the flow is evident from the partial-duration curves. During
periods of low flow the difference is more significant. The 50 percent
duration obtained from the historical curve used in the example is about
110 cubic feet per second (ft3/s). However, the same duration is only
55 ft3/s during the dry season (April curve), and 170 ft3/s during the

wet season (October curve).
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FLOW-DURATION TABLES

The flow~duration frequency tables were prepared for the stations
listed in table 1 and are shown in tables 3 to 80. Stations affected by
streamflow regulation are shown in table 2. The general location of the
stations, referenced to map numbers, are shown in figure 2. Station
numbers refer to the system of 8 digits utilized by the U.S. Geological
Survey. In this system, the number '"50031200" represents a station,
where the first two digits ('50") refer to stations in Puerto Rico. The
remaining six digits '031200" represent the local station number, based
on a numbering system that increases in a downstream order. In Puerto
Rico the local numbering system starts in the RiIo Guajataca basin and

increases in a clockwise manner around the Island.

Data listed as prior to 1959 is unpublished data furnished by the
Puerto Rico Water Resources Authority, and is on file in the Caribbean
District office and in the National Water Data Storage and Retrieval

System, Washington, D.C.

Additional data and information on any of the stations described in
this report may be available from the Caribbean District office of the
U.S. Geological Survey, Water Resources Division, in San Juan, Puerto

Rico (tel. 809 753-4414).
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TABLE 13.--FLOW DURATIONS FOR RID SANAMUERTO NEAR ORDCOVIS, PR STATION 50031500

MONTHLY DURATIONS FOR PERIOD OF RECORLC 1965-1970 REGULATED
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TABLE 16.—-FLOW DURATIONS FOR RIO BAUTA NEAR DIVISORIA, PR STATION 50033500

MONTHLY DURATIONS FOR PERIOD OF RECORD 1949-1954
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TABLE 24.--FLOW DURATYIONS FOR RID LA PLATA AT PROYECTO LA PLATA, PR STATION 50043000

CORD 1960-1982 REGULATED

=
[~

MONTHLY DURATIONS f0R PERIODO CF R

DURATION

CLASS

PERCENT

FOR PERIOD
OF RECORD

CusIC FEET

PER SECONC

NOV DEC JAN FEZ MAR APR MAY JUN JUuL AUG SEP
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INT)

(PERC

(FT3/75%)
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[ R o o
L B
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M OO NMNM
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o

OO0 e
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Loo

o
.
o
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Ja.2

-
.
(=]

6600.0

o
J
(=]

0.C 2.0 0.C
0‘1

0.0

~
.
o

5100.C

0.1

0.0

0.0

. 0.1 0.7

"M
]

L
-

0.1
0.1

0.7
0‘9

(@]

0.2

~”

0.3

Q.0

OO0

390C.0
2900.0

2300.0

Jed

»”

. 1.1 2.3 0.2 ) 0.4 -

1700.0

.
~

2.7
3.2

0.8
1.1

0.2
0.3

0.3

1300.0

2.8

2.C
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"S

“y

~M

2.0
2.5
b

3.2 -
4e1
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760.0

OO O

L]
wy
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~

L]
oo

0N O e

~

0.9 - 2.1
7.

0.6
Je%

vy

6.3 2.7 . 0.
0.6

b.C

530.0
440.0
340.0

wn

Wy

‘.Q

~r

4.1
Sa1
6

[y

o~ 0
[ ]

5.8

5.9
7.5

6.8
9.4

11.°

9
11.3

260.0
200.0

3.2
4.C

2.7
4.

14.8

Tal
4ab

us

2445

17.5

57

o v,

11.4 20.2 18.3

150.0
110.0

(ot}

26.0

32.5

23.6
2.

6.4
9.6

9.3
15.3

7
43.5 37.9

53.0
§0.3

~ oo

1
42.

9
2642
33.5
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67.0

11.3

o0

[T}

25.1

45.9

52.4
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55.9
3

55.38
84.8
71.5

6‘
55.8

1.
51.3

32 193.5 276 37.0
36.8 35.6 0. 43,4

58.1

39.5
61.2

(18}
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o ™M

9.
5€.

42.8%
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36.7 59.0 57.8 €2.0
70
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TABLE 37.-~-FLOW DURATIONS FOR RID HERRERA NEAR COLONIA DOLORES, PR STATION 50062500

MONTHLY DURATIONS FOR PERIDD OF RECORD 1966-1973
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FOR RIO MAMEYES NEAR SABANA, PR STATION 50263500

TABLE 42.--FLOW DURATIONS
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DURATIONS FOR RIOJ HUMACAO AT LAS PIEDRAS, PR STATION 5008103093
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PR STATION 52090500

TASLE 52.--FLOW OURATIONS FOR RIO MAUNABD AT LIZAS.,

MONTHLY DURATIONS FOR PERIQD OF RECORC 1971-1932
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TABLE 64.--FLOW DURATIONS FOR RIO TALLABOA AT TALLABDA, °R STATION S0122307

OF RECORD 1759-1962 REGULATED
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ocT
C.0

FOR PERIOD
0.1

DURATION
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(PERCENT)
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