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Sedimentation Survey of Lago La Plata, Puerto Rico, 
October 1998

R. Soler-Lopez, Richard M.T. Webb, am/Ramon A. Carrasquillo-Nieves

Abstract

Sediment accumulation has decreased the 
storage capacity of Lago La Plata from 40.21 
million cubic meters in 1974 to 35.46 million 
cubic meters in 1998. In 24 years, the reservoir 
has lost about 12 percent of its original capacity, 
which represents an average annual capacity loss 
of about 0.5 percent. The trapping efficiency of 
the reservoir was estimated to be 85 percent in 

1998. Based on the amount of accumulated 
sediment in the reservoir and on the 466-square- 
kilometer sediment-contributing area, the 
sediment yield of the Lago La Plata Basin was 
estimated to be about 483 megagrams per square 
kilometer per year. At a current average capacity 
loss per year of 0.2 million cubic meters and 
assuming a constant trapping efficiency, the 
reservoir is expected to completely fill with 
sediments by the year 2175.

On September 21,1998, Hurricane Georges 
made landfall on the island of Puerto Rico. A 
comparison of data collected in February and in 
October 1998 revealed the impact of the storm 
along the riverine branches of the reservoir 
bottom. Flooding that resulted from Hurricane 
Georges mobilized sediments deposited in 
upstream sections of Lago La Plata and 
transported them downstream to the deeper parts 
of the reservoir near the dam.

INTRODUCTION

The Puerto Rico Aqueduct and Sewer Authority 
(PRASA) operates the San Juan Metropolitan Water 
District, which consists of a series of reservoirs that 
provide water for domestic and industrial use to the 
San Juan metropolitan area and adjacent areas. Some 
of the major reservoirs include Lago Loiza, Lago de 
Cidra, and Lago La Plata. Of these, Lago La Plata 
provides about 35 percent of the total demand, which 

is equivalent to 3.07 cubic meters per second or about 
70 million gallons per day (Fernando Ortiz, PRASA, 
oral commun., 1998). Since construction of the 
reservoir in 1974, the storage capacity of Lago La 
Plata has decreased as a result of land erosion from 
runoff and agricultural and urban land-use practices 
that occur in the reservoir basin.

To determine the present storage capacity of the 
reservoir, the U.S. Geological Survey (USGS) in 
cooperation with the PRASA conducted a bathymetric 
survey of Lago La Plata. Data were collected in 
October 1998 by using a bathymetric land/survey 
system (BLASS). Data on geographic position and 
water depth were acquired simultaneously by using a 
differential global positioning system (DGPS) coupled 
to a depth sounder; collected data were stored in both 
digital and analog forms. The digital data were 
subsequently transferred into a geographic information 
system (GIS) data base for processing and analysis. 
The existing storage capacity, sedimentation rates, and 
sediment accumulation and location were calculated 
by using GIS software.
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The purpose of this report is to provide the 
PRASA with the necessary information about the 
existing storage capacity and sedimentation rate of the 
reservoir. This information will help PRASA in 
managing effectively the available water resources of 
Lago La Plata.
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DAM AND RESERVOIR CHARACTERISTICS

La Plata Dam is a concrete gravity structure 
located on the Rio de La Plata, which is about 
5 kilometers south of the town of Toa Alta and 
5 kilometers north of the town of Naranjito (fig. 1).

The reservoir, which was built in 1974 as part of the 
San Juan Metropolitan Water District, originally 
provided 26.84 million cubic meters of storage 
capacity at the spillway elevation of 47.12 meters 
above mean sea level. The dam was constructed with a 
gravity overflow-type spillway, and had provisions for 
the future installation of bascule gates. To help meet 
the increasing water demand of the San Juan 
metropolitan area and adjacent areas, six 4.88-meters- 
high bascule gates were installed in 1989, which raised 
the normal pool elevation to 52.0 meters above mean 
sea level. This rise in pool elevation increased the 
storage capacity of the reservoir by an additional 13.37 
million cubic meters resulting in a total storage 
capacity of 40.21 million cubic meters.

The dam has a total length of 235.92 meters and 
a maximum height of 40.0 meters above the river 
channel. The spillway crest is 210.30 meters long and 
has an elevation of 47.12 meters above mean sea level. 
An intake and pumping-station structure, which forms 
an integral part of the dam, is located at the center of 
the preexisting river channel. Four spillway bays are 
located to the right of the intake structure and two bays 
are located to the left. The intake structure has six 
1.82-meter-diameter intake ports along the upstream 
face that are vertically spaced 6 meters apart and range 
in elevation from 19.0 to 49.0 meters above mean sea 
level (PREPA, 1979). The principal characteristics of 
Lago La Plata and La Plata Dam are listed in table 1.

Table 1. Principal characteristics of Lago La Plata and La Plata Dam, Puerto Rico (Modified from 
the Puerto Rico Electric Power Authority, 1979)

[Elevations in meters above mean sea level]

Total length of dam...................................................................................................235.92 meters

Length of spillway structure.....................................................................................210.30 meters

Elevation of spillway crest.........................................................................................47.12 meters

Normal pool elevation..................................................................................................52.0 meters

Elevation of top of dam................................................................................................57.0 meters

Maximum height of dam above the river channel........................................................40.0 meters

Maximum original depth at pool elevation of 52.0 meters...........................................34.0 meters

Maximum depth during the 1998 survey......................................................................27.0 meters

Drainage area at dam site..........................................................................469.0 square kilometers
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Figure 1. Location of Lago La Plata in the Rio de La Plata Basin, Puerto Rico.
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METHOD OF SURVEY Field Techniques

The bathymetric survey of Lago La Plata 
involved planning, data collection, data processing, 
and analysis. The pre-impoundment topography of 
Lago La Plata was delineated by first scanning aerial 
photographs taken in 1964 by Mark Kurd Aerial 
Surveys, and then by digitizing the topographic 
contours from 18 meters above mean sea level up to 
60 meters above sea level. Although the reservoir was 
not impounded until 1974, topographic changes that 
occurred between 1964 and 1974 were considered to 
be negligible for the purpose of this study. The 1964 
elevation contours were converted into depth contours, 
which were then used to calculate the original storage 
capacity of the reservoir at a pool elevation of 52.0 
meters above mean sea level. GIS software was used 
to plan the 1998 survey lines and to analyze the 
collected data. The 1998 data were collected with a 
DGPS and a depth sounder. Depth soundings were 
adjusted to represent depths below a normal pool 
elevation of 52.0 meters above mean sea level. The 
1998 depth contours were drawn at 2-meter intervals 
in most of the reservoir, and at variable intervals where 
needed, to accurately define the reservoir bottom. The 
1974 contour map had variable contour intervals. 
Contour lines for 1974 and 1998 were then converted 
into surface models of the reservoir bottom by 
constructing a triangulated irregular network (TIN) for 
each map. The TIN represents the reservoir bottom as 
thousands of adjoining triangles with x, y, and z 
coordinates assigned to all vertices. Volumes of the 

reservoir were computed at incremental pool 
elevations for each map. Cross sections and 
longitudinal sections were produced from the TIN 
surface models of the reservoir to evaluate the extent 
of sediment deposition. The February and October 
1998 cross sections were compared to provide 
information on the effects of Hurricane Georges on the 
reservoir bottom. Additionally, the 1974 and 1998 
TIN's were converted into coregistered grids, and the 
differences in depths between the two surveys were 
used to construct a map showing the thickness and 
location of deposited sediments.

Data describing the reservoir bathymetry were 
collected twice. An incomplete survey was carried out 
from February 25 to March 3, 1998, and a complete 
survey was conducted in October 1998. The first 
survey was incomplete because water hyacinths in the 
vicinity of the dam impeded navigation, thus 
preventing the collection of data for about 25 percent 
of the planned lines. The area covered by the hyacinths 
continued to increase from March through September 
1998. During the period from September 21 to 22, 
1998, Hurricane Georges passed over the island of 
Puerto Rico bringing torrential rains and widespread 
flooding. Heavy runoff in the Lago La Plata Basin 
transported large amounts of sediments into and 
through the reservoir. For this reason, the entire 
reservoir had to be surveyed again. Fortunately, the 
flood waters cleared the reservoir of the problematic 
water hyacinths. Efforts to collect bathymetric data for 
the entire reservoir were successful during the second 
survey, which was conducted from October 2 to 13, 
1998.

The BLASS system, consisting of two Motorola 
SixGun DGPS units for horizontal positioning of the 
survey boat, was used for the bathymetric survey. The 
GPS units were first used in static survey mode to 
establish reference marks at eight sites overlooking the 
reservoir. Satellite information was recorded 
simultaneously at master station, USGS ROOF (lat 
18°25'34.08 tIN., long 66°06'52.12"W.), and at station 
LP-A (lat 18°20'46.93"N., long 66°14'08.90"W.). 

Then, from LP-A, benchmarks were established at 
LP-B (lat 18 020'39.13"N., long 66°14'13.22"W.), 
LP-C (lat 18°20'41.66"N., long 66°14t 11.38"W.), 
LP-D (lat 18°20'46.94"N., long 66°14'07.99"W.), 
LP-E (lat 18°19'46.79"N., long 66°12'41.27"W.), 
LP-F (lat 18°18'27.54"N., long 66°12'22.64"W.), 
LP-G (lat 18°18'18.35"N., long 66°12'42.87"W.), and 
LP-I (lat 18°19'24.34"N., long 66°13'57.81"W.). 
No benchmark LP-H was established. Post-processing, 
using the software Centipoint (GPSsoft Inc.), 
indicated a horizontal error of less than 10 centimeters 
for these benchmarks.
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Once established, the benchmark with the best 
view of the survey area was occupied as the DGPS 
master station while the other DGPS unit was installed 
in the survey boat. The DGPS on board the survey 
boat independently received a position once every 
second. Once every 5 seconds, the master station sent 
a set of correction signals to the mobile unit to 
maintain horizontal positional accuracy to within 2 
meters.

Reservoir depths were measured by using a 
RAYTHEON model DE-719B echosounder coupled 
to an ODOM DIGITRACE to record data in analog 
and digital form. The depth sounder measured depth to 
an accuracy of 5 centimeters, and was calibrated by 
using a bar-check near surface and near bottom depths 
while anchored in the deepest area to be surveyed. The 
bathymetric survey software application HYPACK 
(Coastal Oceanographic, Inc.) was used to record 
position and depth once every second while in survey 
mode. HYPACK runs on a portable computer and is 
used to navigate and record data. Survey data were to 
be collected at 324 planned transects spaced about 50 
meters apart, starting at the dam and continuing to the 
upstream limits of^the reservoir (fig. 2).

The planned lines failed to include some areas 
of the reservoir since no maps showing the lake shore 
at the elevation of 52.0 meters above mean sea level 
were readily available during the planning stages. 
Therefore, no lines were planned or surveyed in the 
upstream flooded area of the Rio Guadiana Branch. 
Figure 3 shows the actual track lines of the October 
1998 bathymetric survey. Hand soundings from two 
bridges in the upstream reaches of the Rio Guadiana 
Branch were made to provide control for contour lines 
drawn for that area of the reservoir. The reservoir pool 
elevation during the entire survey was continuously 
monitored at USGS lake-level station Lago La Plata at 
Damsite near Toa Alta no. 50045000 (fig. 1).

Data Processing

Initial editing to verify geographic positions and 
depth data was performed by using the HYPACK 
(Coastal Oceanographic, Inc.) program. Data were 
corrected to eliminate erroneous positions that could 
appear when the master station correction signal was 
lost for some period of time, and when spurious depth 
readings were erroneously collected because of 
insufficient signal gain or bubble interfence with the 
transducer. The pool elevation during the data 
collection varied. To adjust the depth data to the 
normal pool elevation (52.0 meters above mean sea 
level), a time-elevation correction factor was applied. 
The edited data were then transferred into the GIS data 
base. The software was customized by color coding 
the data points with different colors according to the 
different depth values. Then, contour lines were added 
by connecting the data points of the same color.

The contour maps (plates 1 and 2) were used to 
create the TIN surface models of the 1974 and 1998 

reservoir bottoms, respectively. Distances upstream 
from the dam were calculated along the thalweg of the 
river branches of the reservoir (fig. 4). Selected cross 
sections and three longitudinal profiles along the 
different branches of the reservoir were generated 
from the TIN surface models of the reservoir and are 
presented in figures 5 and 6, respectively. The selected 
cross sections shown in figure 5 start with section 1 at 
the dam and continue upstream at a spacing ranging 
from about 200 to 400 meters apart. Sections were 
located following a pattern that included all flooded 
areas of the reservoir. The longitudinal profiles shown 
in figure 6 were located along the thalweg of the three 
different major tributary branches of the reservoir.

Method of Survey
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Figure 2. Planned cross-section locations for the October 1998 bathymetric survey of Lago La Plata, Puerto Rico. 

[Shoreline shown at spillway elevation of 47.12 meters above mean sea level.]
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Figure 3. Actual track lines of the October 1998 bathymetric survey of Lago La Plata, Puerto Rico. 

[Shoreline shown at normal pool elevation of 52.0 meters above mean sea level.]
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Figure 4. Reference distances for longitudinal profiles of Lago La Plata, Puerto Rico, during the October 1998 
bathymetric survey.

[Shoreline shown at normal pool elevation of 52.0 meters above mean sea level. Refer to figure 6 for longitudinal profiles.]
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ACTUAL CAPACITY AND SEDIMENT 
ACCUMULATION

The original storage capacity of Lago La Plata 
was calculated to be 40.21 million cubic meters in 
1974 at a pool elevation of 52.0 meters above mean 
sea level. By October 1998, the storage capacity of the 
reservoir had decreased to 35.46 million cubic meters. 
This represents a reduction of 4.75 million cubic 
meters or 12 percent in 24 years. The reservoir is 
losing capacity at an average rate of 0.2 million cubic 
meters per year or 0.5 percent per year. Data from the 
original 1974 and recent 1998 surveys of Lago La 
Plata are summarized in table 2. In the vicinity of the 
dam, a layer averaging about 7 meters of sediment has 
accumulated in 24 years (plate 3). This is equivalent to 
a long-term deposition rate of about 0.3 meters of 
sediment per year.

The location and thickness of sediments 
deposited from 1974 to 1998 vary throughout the 
reservoir (plate 3). In the Rio de La Plata Branch of the 
reservoir, an average of about 4 meters of sediment has 
been deposited (fig. 5, sections 62 to 206). In the Rio 
Canas Branch, an average of about 6 meters of 
sediment has been deposited (fig. 5, sections 265 to 
278). In the Rio Guadiana Branch, an average of about 
5 meters of sediment has been deposited (fig. 5, 
sections 286 to 300). Figure 5 also compares cross 
sections generated from partial data collected during 
February 1998 with the 1998 TIN-generated cross 
sections. High water velocities during flood events 
result in variable scour and fill areas in the upstream 
shallow areas of the reservoir. From the comparison of 
the February and October 1998 cross sections, the data 
indicate that the flood caused by Hurricane Georges 
mobilized and deposited sediments into downstream 
areas closer to the reservoir dam.

Table 2. Summary of the original and recent sedimentation surveys of Lago La Plata, Puerto Rico

[ , not applicable]

Total capacity, in million cubic meters

Live storage, in million cubic meters

Dead storage, in million cubic meters

Sediment accumulated, in million cubic meters

Storage loss, in percent

Average annual loss of capacity, in million cubic meters

Average annual loss of capacity, in percent

Year that the reservoir is projected to be filled with sediments

Sediment yield of the basin, in megagrams per square kilometer per year

Trapping efficiency, in percent

1974

40.21

39.46 1

0.75 1

0

0

0

0

 

 

90

1998

35.46

17.802

17.662

4.75

12

0.2

0.5

21753

4834

85

1 Using the lowest intake structure elevation of 19.0 meters above mean sea level.
2 Using the lowest operational intake structure elevation of 31.0 meters above mean sea level.
3 Assuming a constant trapping efficiency.
4 Assuming a dry bulk density of 1 gram per cubic centimeter.
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The Lago La Plata Dam has six intake structures 
at elevations of 19.0, 25.0, 31.0, 37.0, 43.0, and 49.0 
meters above mean sea level. According to the 1998 
data, the lower intake may be buried by accumulated 
sediment. Also, the 25.0-meters elevation intake may 
be in danger of becoming disabled since the reservoir 
bottom in the dam area has reached an elevation of 
25.0-meters above mean sea level. Longitudinal 
profiles representing the reservoir bottom and 
generated from the TIN surface models of Lago La 
Plata along the different branches of the reservoir are 
shown in figure 6.

Capacity curves for 1974 and 1998 (fig. 7) were 
generated from the TIN surface models of the 
reservoir bottom by calculating the reservoir volume 
at 1-meter intervals of pool elevation. The curves 
show the relation between the pool elevation and the 
reservoir volume. The data indicate that the reservoir 
has less volume in 1998 than in 1974 at any given 
elevation, indicating storage capacity loss. Table 3 
shows the tabulated data from which the 1998 curve in 
figure 7 was generated.
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Table 3. Storage capacity for Lago La Plata, Puerto Rico, 1998

[amsl, above mean sea level]

Elevation, in meters amsl

52.0

51.0

50.0

49.0

48.0

47.0

46.0

45.0

44.0

43.0

42.0

41.0

40.0

39.0

38.0

37.0

36.0

35.0

34.0

33.0

32.0

31.0

30.0

29.0

28.0

27.0

26.0

25.0

Capacity, in million cubic meters

35.46

32.48

29.63

26.97

24.44

22.11

19.90

17.86

15.93

14.20

12.57

11.09

9.71

8.48

7.33

6.30

5.33

4.46

3.66

2.95

2.31

1.77

1.26

0.85

0.50

0.27

0.06

0.00
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TRAPPING EFFICIENCY AND SEDIMENT YIELD

Rapid sediment accumulation in many upland 
reservoirs underscores the need to estimate erosion 
rates. An erosion rate can be calculated by determining 
the trapping efficiency of the reservoir. Heinemann 
(1981) considered trap efficiency as the single most 
informative descriptor of a reservoir. A number of 
empirical studies have been carried out on trapping 
efficiency, of which, the best known and most 
commonly used is that of Brune (1953). For this 
reason, the Lago La Plata trapping efficiency was 
estimated using the capacity/inflow ratio described by 
Brune in 1953.

Long-term average rainfall in the Lago La Plata 
Basin is 1.88 meters per year, and the rainfall to runoff 
ratio is 0.33 (Giusti and Lopez, 1967). Thus, the mean 
annual runoff reaching Lago La Plata was calculated 
to be 0.62 meters per square kilometer (1.88 x.33) with 
the remainder of the rainfall infiltrating into the 
ground and being evapotranspirated. Based on the 
469-square kilometers basin, the inflow to the 
reservoir is 290.78 million cubic meters per year. 
Using capacity/inflow ratios of 0.14 (40.21/290.78) 
and 0.12 (35.46/290.78), the trapping efficiency of the 
reservoir was estimated to be 90 percent in 1974 and 
85 percent in 1998. The average long-term trapping 
efficiency of the reservoir for that 24-year period was 
88 percent.

Sediment yield has been defined by the 
American Society of Civil Engineers as the total 
sediment outflow from a catchment or drainage basin 
measurable at a point of reference for a specified 
period of time (McManus and Duck, 1993). Based on 
this definition, the estimated sediment yield of the 
Lago La Plata Basin was determined by dividing the 
amount of sediment accumulated in the reservoir 
(4.75 million cubic meters) by the average long-term 
trapping efficiency of the reservoir (0.88); the 
estimated net volume of sediment eroded from within 
the basin was calculated to be 5.4 million cubic 
meters. The net sediment volume then was divided by 
the sediment-contributing drainage area of the basin, 
which was 466 square kilometers (for example, the 
469-square kilometers total drainage area minus the 3 
square kilometers surface area of the reservoir), and 
the number of years since impoundment (24 years). 
Assuming a dry bulk density of 1 gram per cubic 
centimeter, the estimated sediment yield for the Lago

La Plata Basin was determined to be 483 megagrams 
per square kilometer per year.

This estimated yield is most likely a minimum 
yield for the basin. The calculations do not take into 
account sediment volumes that pass over the dam 
during peak-flow events or volumes trapped by 
reservoirs such as Lago Carite, Represa Comerio , and 
Represa Comerio 2 (fig.l).

Lago Carite is located in the upper part of the 
Rio de La Plata Basin. The reservoir occupies only a 
small portion of the basin, and therefore, the amount 
of trapped sediment is presumably small, since the 
reservoir drainage area is not only limited in extent, 
but also is a national forest reserve where land erosion 
is minimal. Located about 4 kilometers above the 
Lago La Plata backwater, Represa Comerio 1 and 
Represa Comerio 2 are low-capacity reservoirs built in 
1907 and 1913, respectively. By the time Lago La 
Plata was impounded in 1974, both reservoirs were 
completely or almost completely filled with sediment, 
thus making additional sediment trapping by these 
reservoirs minimal to negligible.
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