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INTRODUCTION

The passage of hurricane Eloise near the north coast of Puerto Rico caused
torrential rains September 15, 16, and 17, 1975, producing devastating floods in the
southwestern part of the island.

The U.S. Geological Survey, in cooperation with the Puerto Rico Department
of Natural Resources, has undertaken the task of documenting this outstanding
event. This report provides hydrologic and hydraulic data for the Guanajibo Valley
that will aid planners and designers in making effective decisions in the development
of its flood plain. These data were obtained from field observation by the U.S.
Geological Survey and from interviews with residents in the study area

The Guanajibo Valley (fig. 1) in southwestern Puerto Rico has an area of about
70 km2, The study area extends upstream from the mouth of the Rio Guanajibo
about 30 km to Sabana Grande, about 37 km northwest of Ponce and includes the
towns of San Germéan, Cabo Rojo, and Hormigueros. The economy is mainly
agricultural, and sugarcane is the principal crop. The climate is tropical with abun-
dant vegetation. The average daily temperature ranges from 27°C in the summer to
24°C in the winter. The average annual precipitation ranges from 2540 mm in the
Cordillera Central to 1778 mm in the foothills.

Multiply SI units By To obtain inch-pound units
Length
meter (m) 3.2808 foot (ft)
millimeter (mm} 0.03937 inch (in)
kilometer (km) 0.6214 mile (mi)
Area
square kilometer (kmz) 0.3861 square mile (miz)
Discharge
cubic meter per second 35.31 cubic foot per second
m/s) (ft/s)
Temperature
degree Celsius (C°) 1.8C° + 32 degree Fahrenheit (°F)
RIO GUANAJIBO BASIN

The Rio Guanajibo originates in the southwestern part of the Cordillera Cen-
tral, about 10 km northeast of Sabana Grande. The river flows south, passing east
of Sabana Grande, then turns to the west-northwest, flowing past San German on
the north, and empties into Bahia de Mayaguez on the Caribbean Sea.

The main tributaries of Rio Guanajibo originate in the southern slopes of the
Cordillera Central and flow in a southerly direction to the river. The tributary
basins, in decreasing order of drainage area in km? are: Rio Rosario, 62.8, Rio
Hoconuco, 35.4, Rio Duey, 20.7, Rio Cruces, 18.9, Rio Cain, 16.4, and Rio
Cupeyes, 11.0. The drainage area on the south side of the basin consists of a small
mountainous reach parallel to the river which does not contribute significant dis-
charge to Rio Guanajibo during floods.

The drainage area of Rio Guanajibo is 329 km? at its mouth, and 311 km? at
gaging station 50138000 (fig. 1) operated by the U.S. Geological Survey.
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FIGURE 1. - Rio Guangjibo basin and study area.

FLOOD OF SEPTEMBER 16, 1975

The torrential rains from hurricane Eloisa produced severe floods in the
Guanajibo Valley. Precipitation at 10 stations in Puerto Rico during September
15-17, 1975, and the distribution of precipitation throughout the island are shown in
figure 2.

The entire Guanajibo Valley from Sabana Grande to the coast suffered its
severest flooding since 1899. San German, Cabo Rojo, Hormigueros, and housing
developments in the coastal lowlands suffered the most damage. Houses adjacent to
the Rio Guanajibo, in urbanization Santa Marta in San German, were destroyed by
the flood. After the floodwater receded, the U.S. Geological Survey recovered
high-water marks on the flood plain and made an indirect measurement at the new
Highway 100 bridge. A peak flood-discharge of 3625 m3/s was computed.

Two bridges were destroyed by the floodwaters--old Highway 2 bridge (B) south
of Sabana Grande, and old Highway 119 bridge (C) on the north side of San
German. The three bridges between San German and Hormigueros on Highway 114
(old Highway 2) were severely damaged.

Photographs of selected sites in the Guanajibo area during the September 16,
1975 flood are shown in figures 3-16. The photograph locations are identified on the
flood map by a circular symbol with an identifying ietter and an arrow showing the
direction in which the respective photograph was taken. A rod marked in feet and a
black arrow is used to point out the depth of floodwaters on each photograph.
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Base from U.S. Geelogical Survey maps:
Sabana Grande - 1966, San German - 1966,
Rosario - 1964, Puerto Real - 1966, and Mayaguez - 1964

EXPLANATION

Area flooded, September 16, 1975

Boundary of the 1975 flood

—22 Water-surface contour for the 1975 flood, in meters.
Contour interval 1 meter
19.8+ Elevation of flood marks, in meters
B Bridge Locations, refers to table 4 and profiles
—)_;— Base line and distance from mouth of river, in kilometers
RM 70O Reference marks established by the U.S. Geological Survey refer to table 5

of the September 16, 1975, flood

Photographs showing depth of water at different sites in the valley as a result
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PRECIPITATION, OF SEPTEMBER San German (photograph D). about 50 m. off access road and Highway 114 intersection (photograph H).
b SEPT  SEPT  SEPT |
ON LOCATION
MAP 15 16 T i
1 ADJUNTAS SUBSTATION 0.15 11.99 4.87 17.01
2 CARITE PLANT NO. 1 0.05 10.05 6.85 16.95
3 CERRO MARAVILLA 0.46 16.00 2.37 18.83
4 CORRAL VIEJO 0.10 7.58 8.26 15.94
5 ENSENADA 0.05 5.41 10.30 15.76
6 HUMACAO 0.40 8.02 522 13.64
v/ LAJAS SUBSTATION 0.29 3.10 12.26 15.65
8 MARICAO 2 SSW 2.32 6.05 14.10 22.47
9 PONCE 4E 0.00 290 7.78 10.68
10 SABANA GRANDE 2 ENE 1.20 14.00 11.50 26.70

FIGURE 2. - Map of Puerto Rico showing isohyets for September 15-17, 1975,
locations of selected precipitation and stream-gaging stations, and
table showing the precipitation for the selected stations.

FIGURE 3. - Flood height (noted hy arrow) at old Highway 2 hridge over
Rio Guanajibo north of Highway 328 intersection (photograph A).

FIGURE 11. - Flood height (noted by arrow) at Puerto Rico Energy Authority
substation "Las Acacias” at intersection of Highway 103 and Highway 114
(photograph I).

FIGURE 7. - Flood height (noted by arrow) at house on Ramal road connecting
highways 347 and 114, 1.0 km. northeast of intersection with Highway 114
(photograph E).

FIGURE 12. - Flood height (noted by arrow) at carport of house at km. 6.7,

FIGURE 8. - Flood height (noted hy arrow) on road 317, 0.1 km. . ,
Highway 311, Barrio Cerrillos, Hormigueros (photograph J).

sonth of intersection with Highway 114 (photograph F).

FIGURE 4. - Flood height (noted hy arrow) at old Highway 2 bndge,
0.3 k. east of Highway 368 intersection (photograph B).

FIGURE 13. - Flood height (noted hy arrow) at Mrs. Gonzalez” house,

FIGURE 9. - Flood height (noted by arrow) at abandoned house, Parcelas San Romusaldo, K Street, Hormigueros (photograph K).

km. 9.2, Highway 114 (photograph G).

FIGURE 5. - Flood height (noted by arrow) at Mr. Ortiz’ front porch,
Riverside Housing Development, Street 5, No. E-18, San German
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FIGURE 14. - Flood height (noted hy arrow) at old hacienda ruins "Eslebonia”
about 0.5 km. west of Highway 343 and Highway 114 intersection
(photograph L).

—

FIGURE 15. - Flood height (noted hy arrow) at Mr. Cardona’s house,
No. 24 M.M. Munoz Street, Guanajibo Homes, Mayagiiez
(photograph M).

FIGURE 16. - Flood height (noted hy arrow) at water-treatment plant,
R. Ramirez Pabdn Street, Gnanajibo Homes, Mayagiiez

(photograph N).

The magnitude of the peak discharges in the Guanajibo basin can be compared
to maximum known floods throughout the world. The relation between unit peak
discharge and drainage area size at nine sites in the basin and adjacent areas are
shown in figure 19 (sites in table 1). The figure also shows Myer’s curves, which
represent a relation between the peak discharge and drainage area at sites with less
than 250 mi? throughout the world. The 100 percent Myer’s rating has been exceed-
ed only at a few sites. The flooding in the Guanajibo Valley was so severe that
Myer’s 100 percent rating was exceeded at three of the sites (fig. 17).
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FIGURE 17. - Relation of unit-pesk discharge to size of drainage area
of the southwestern hasins during the September 16, 1975 flood.

TABLE 1. - Summary of flood discharges in the southwestern basins.

No. Stream and place of 2Station Drainage
determination no. area, km?
Date

1 Rio Inabon at Real 1125 25.1 Oct. 9, 1970
Abajo

2 Rio Cerrillos near 1140 46.1 Oct. 9, 1970
Ponce

3 Rio Portugues near 1150 22.8 Oct. 9, 1970
Ponce

4 Rio Tallaboa at 1210 62.7 Sep. 23, 1928
Penuelas

5 Rio Guayanilla at 1245 53.9 Aug. 8, 1899
Guayanilla

6 Rio Guanajibo near 1380 311 Sep. 1, 1979
Hormigueros

7 Rio Rosario at 1360 45.6 May 17, 1963
Rosario

8 Rio Grande de Afiasco 1440 347 Oct. 26, 1971
near San Sebastian

9 Rio Culebrinas at 1478 184 Oct. 21,1972
Hwy 404 near Moca

! Number for location purpose. See figure 17.

2us. Geological Survey site number for site identification. See figure 19.

FLOOD HISTORY

According to previous publications of the U.S. Geological Survey and inter-
views with residents, significant flooding has occurred in the Guanajibo Valley at
least 1B times since 1899.

The record of floods at Highway 360 at km 19.33 along the baseline at San
Germén (table 2) shows that the highest elevation since 1899 was reached by the
September 16, 1975 flood.

TABLE 2. - Flood peaks of Rio Guanajibo at Highway 360 bridge (formerly
Highway 119) at kilometer 19.33 along the baseline at San German, P.R.

Date of flood Water-surface elevation,
in meters above MSL
August 8, 1899 42.8
September 13, 1920 42.1
August 4, 1945 41.3
September 23, 1952 41.5
September 5-6, 1954 41.4
March 6, 1958 40.5
December 3-4, 1960 41.6
May 17, 18, 1963 41.1
July 30, 1963 41.2
November 27, 1968 396
September 16, 1975 43.0

A continuous stage record surface-water station, 50138000, was established in
January 1973 by the U.S. Geological Survey at Highway 114 (formerly Highway 2)

about 1.9 km west of Hormigueros (km 4.95 on the baseline on the topographic map).

Annual peaks from 1973 to 1979 are shown in table 3, and the stage discharge
relation of the station is shown in figure 18.

TABLE 3. - Annual peaks at U.S. Geological Survey gaging station 5013800,

Rio Guanajibo near Hormigueros, P.R.

Discharge, Elevation, Recurrence interval
Date cubic meters mean sea in years

per second level, meters
September 5, 1973 32 6.07 -
November 3, 1974! 125 7.00 1.1
September 16, 1975 3,620 10.93 60
October 31, 1976 38 6.02 -
November 8, 1977 213 6.51 1.3
October 31, 1978 223 6.56 1.4
September 1, 1979 1,500 9.10 10

! Flood of September 16, 1975, eroded control. Points not plotted

2 Channel was excavated. in figure 18.
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FIGURE 18. - Stage-discharge relation of Rio Guanajibo near Hormigueros, PR.,
station 50138000,

FLOOD FREQUENCY

The date of occurrence of a flood exceeding a given magnitude cannot be
predicted, but the probable number of exceedances during a long period of time can
be estimated with reasonable accuracy given a long record. Recurrence interval is
the average interval of time within which a given flood will be equaled or exceeded
once. Thus a 50-year flood is expected to be exceeded at intervals averaging 50 years
but the actuatl interval between successive floods greater than the 50-year flood range
from one to over a hundred years. Stated differently a 50-year flood has one chance
in fifty of being equaled or exceeded in any one year.

The length of record of Rio Guanajibo at gaging station 50138000 located on
Highway 114 is not sufficient to compute reliable flood frequencies.

In order to estimate the frequency of the available historical data, the me-
thodology described in U.S. Geological Survey Water Resources Investigations
78-141 was used to develop a magnitude and frequency relation for Rio Guanajibo
at gaging station 50138000 (figure 17).
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Maximume previously Maximum during
known discharge Sept. 16, 1975,
flood discharge

cubic meters cubic meters cubic meters cubic meters

per second  per second per per second per second per
square kilometer square kilometer
241 9.60 198 7.89

259 5.62 634 13.8
301 13.2 37 16.3
991 15.8 666 10.6
1,100 20.4 634 11.8
1,500 4.82 3,620 11.7
184 4.04 957 21.0
575 2.36 3,960 11.4
957 5.20 1,950 10.6
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FIGURE 19. - Discharge-frequency relation of Rio Guanajibo at station 50138000.

Based on this magnitude and frequency relation, frequency of occurrences were
assigned to the historical data recovered at the gaging station (table 3).

FLOOD PROFILE

The flood profile of the September 16, 1975 flood for the Rio Guanajibo is
shown in figure 20. It includes about 30 km of stream channel from the mouth to
Sabana Grande. The profile is referenced to the baseline on the flood map. The
baseline, and therefore the profile, are not confined to the configuration of the
channel but follow a smoother path along the flood plain in the general direction of
the floodflow.
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FIGURE 20. - Water surface profile of Rio Guanajibo during

the September 16, 1975 flood.

The profile is based on high-water marks recovered by field survey
crews of the U.S. Geological Survey after the flood and on information obtained by
interviewing residents in the study area. There are 11 bridges in the study area over
Rio Guanajibo (table 4).

TABLE 4. - Flevation of bridges over Rio Guanajibo in the study area.

Stationing Elevation, in

Map along Location of bridge meters above

symbol  baseline, in mean sea level

kilometers Top deck Low beam

A 29.9 Hwy 368 9.0 91.1
B! 28.9 Old Hwy 2 87.4 86.5
c! 24.6 Old Railroad 63.1 62.1
D’ 23.3 Hwy 2 57.4 57.0
E? 20.1 Hwy 119 46.6 45.5
F! 19.3 Hwy 360 420 41.1
G 15.1 Hwy 347 31.1 30.6
H® 11.3 Hwy 114 19.2 18.4
P 6.6 Hwy 114 10.8 9.8
K3 4.9 Hwy 114 8.1 7.2
L 4.6 Hwy 100 15.1 13.1
M 0.1 Hwy 102 3.0 1.5

i Destroyed by September 16, 1975 flood.
2 Destroyed by October 9, 1970 flood.

3 Severely damaged by September 16, 1975 flood.

All elevations shown in the study are referred to mean sea _level datum. Perma-
nent reference marks established previously by the U.S. Geological Survey (HA-456)
in conjunction with the new ones established were used in this study (table 5).

TABLE 5. - Reference marks established by the U.S. Geological Survey
in the Guansjibo Valley.

Elevation
above mean
sea level, me-
ters

Reference
mark no. (see
topographic
map)

6 3.23

Description

At bridge over Rio Guanajibo at mouth, Highway 102,
kilometer 7.4. Chiseled square painted red on left up-
stream side of bridge on top of sidewalk.

7 5.41 At culvert over Quebrada on Ave. Santa Teresa Jorvet
(Highway 114) kilometer 2.5 at Valle Hermosa urbaniza-
tion; 5/8”" steel rod embedded in concrete on left down-

stream side of headwall.

At culvert on Highway 102, kilometer 2.63 and 3.2 kilo-
meters east of Cabo Rojo. A brass disk stamped U.S.
Geological Survey set in concrete on north side of culvert
headwall.

At culvert on Highway 102, kilometer 4.1 and 4.7 kilome-
ters east of Cabo Rojo. A brass disk stamped U.S. Geo-
logical Survey set in concrete on south side between two
parapets of small culvert.

At culvert on Highway 114, kilometer 4.1 and 2.0 kilome-
ters west of Hormigueros. A brass disk stamped U.S.
Geological Survey set in concrete on northwest corner of
culvert.

8 15.58

10 23.04

12 7.47

13 8.93 At culvert on Highway 103, kilometer 0.3 and 1.7 kilome-
ters southwest of Hormigueros. A brass disk stamped
U.S. Geological Survey set in concrete on southeast side

of culvert.

14 13.06 At bridge over Rio Rosario on Highway 319, kilometer
1.1 and 1.5 kilometers south of Hormigueros. A brass
disk stamped U.S. Geological Survey set in concrete on

upstream left abutment.

At small culvert on Highway 114 (old Highway 2), kilo-
meter 9.6 and 4.0 kilometers southeast of Hormigueros,
chiseled square painted red on top of wingwall.

At small culvert on Highway 114 (old Highway 2), kilo-
meter 12.75 and 4.0 kilometers west of San Germéan. A
brass disk stamped U.S. Geological Survey set in concrete
on north side of headwall.

At culvert on Highway 102, kilometer 7.8 and 2.5 kilome-
ters west of San Germéan. A brass disk stamped U.S.
Geological Survey set in concrete on top of north parapet
of culvert.

3 16.39

18 23.87

15 32.82

21 31.15 At bridge over Rio Guanajibo on Highway 347, kilometer
3.9 and 3.4 kilometers west of San German. A brass disk
stamped U.S. Geological Survey set in concrete on up-

stream left corner of bridge sidewalk.

At culvert on Highway 347, kilometer 2.1 and 2.0 kilome-
ters northwest of San Germin. A brass disk stamped
U.S. Geological Survey set in concrete on south side of
- upstream headwall.

23 40.73 At small culvert on Highway 347, kilometer 0.92 and 1
kilometer north of San Germéan. A brass disk stamped
U.S. Geological Survey set in concrete on upstream head-
wall.

At bridge over Rio Cain on new Highway 2, between
kilometer posts 173.3 and 173.4 and 2.0 kilometers north
of San Germén. A brass disk set in concrete on down-
stream left abutment.

22 33.85

20 41.79

19 46.94 At bridge over Rio Guanajibo on new Highway 119, kilo-
meter 0.4. A brass disk stamped U.S. Geological Survey

on sidewalk of upstream right corner of bridge.

At bridge over Rio Guanajibo on Highway 102 kilometer
209.6 and 3.8 kilometers east of San Germén. Chiseled
square painted red on left downstream side of bridge on
top of sidewalk.

30 57.79

29 100.28 At concrete bench in front of Terraza La Barca on High-

way 368, kilometer 1.8 and 2 kilometers southeast of
Sabana Grande. A brass disk stamped U.S. Geological
Survey set in concrete on west side of bench.

WATER-SURFACE CONTOURS

Water-surface contours are based on the elevation of high-water marks recov-
ered after the September 16, 1975 flood. These contours represent equal elevations
of the water surface and are normal to the direction of flow. Obstructions to the
flow, such as sugarcane and manmade obstacles caused irregularities in the shape of
the contours. The approximate depth of flooding at any point in the inundated area
can be estimated by subtracting the ground elevation (contour) from the water-
surface elevation (contour). Intermediate estimates of depth can be obtained by
interpolation.

INUNDATED AREA

The area inundated by the September 16, 1975 flood has been delineate& ona
topographic map with a 10-m contour interval, scale 1:20,00. The flood boundaries
were delineated using the high-water marks, field inspections of the flooded area
immediately after the flood, and aerial photographs (mission flown by the Puerto
Rico Highway Authority) taken on September 24, 1975 (eight days after the flood).
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ADDITIONAL INFORMATION

Additional information related to this report can be obtained from the U.S.
Geological Survey, San Juan District office, or from GPO Box 4424, San Juan,
Puerto Rico 00936.
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