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CONVERSION FACTORS, ACRONYMS, and TRANSLATIONS

Multiply By To obtain
Length
centimeter 0.03281 foot
meter 3.281 foot
millimeter 0.03937 inch
kilometer 0.6214 mile
Area
square meter 10.76 square foot
square kilometer 0.3861 square mile
square kilometer 247.1 acre
Volume
cubic meter 35.31 cubic foot
million cubic meters 810.7 acre-foot
cubic meter 0.0008107 acre-foot
Volume per unit time (includes flow)
cubic meter per second 35.31 cubic feet per second

cubic meter per second

Mass per area (includes sediment yield)

gram per cubic centimeter
megagram per square kilometer

15,850

62.43
2.893

gallon per minute

pound per cubic foot
ton per square mile

Horizontal Datum - Puerto Rico Datum, 1940 Adjustment

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a
geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada,
formerly called “Sea Level Datum of 1929.”

Acronyms used in this report:

BLASS Bathymetric/LLand Survey System
DGPS Differential Global Positioning System
GIS Geographic Information System
PREPA Puerto Rico Electric Power Authority
TIN Triangulated Irregular Network

USGS U.S. Geological Survey
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The dam is a concrete gravity structure with a
total length of 169.16 meters, a structural height of
57.91 meters, and a base width of 44.20 meters. The
nonoverflow sections of the dam are at an elevation of
448.05 meters above mean sea level, the maximum
storage elevation. An ungated overflow spillway
measuring 67.06 meters in length is centrally located
between the nonoverflow sections and has an elevation
of 445.00 meters above mean sea level. A 0.61-meter
diameter sluiceway, located in the spillway section and
protected by a concrete trash rack structure, has an
elevation of 406.61 meters above mean sea level.

An unlined 10.9-kilometer-long power tunnel
diverts water from Lago Guayo to a surge chamber
located about 900 meters upstream of Powerplant
no. 1 (Sheda and Legas, 1968). The inlet structure of
the Guayo tunnel is located on the left shore near the
upper reach of the reservoir, and has an elevation of
417.58 meters above mean sea level. Releases to the
tunnel are controlled by a 1.07-meter cast iron slide

gate. The principal characteristics of Lago Guayo and
structures are presented in table 1.

METHOD OF SURVEY

The bathymetric survey of Lago Guayo
involved planning, data collection, data processing
and analysis. A geographic information system,
Arc/Info, served as the database for pre-survey
planning and to analyze the collected data. Cross
sections were planned at a spacing of 50-meter
intervals, starting at the dam and continuing upstream
to the river deltas (fig. 2). Bathymetric data were
collected using a depth sounder coupled to a DGPS to
control the horizontal position of the survey boat. The
collected depth data were converted to equivalent
depths below spillway by using lake stage
observations made at the USGS lake-level station
Lago Guayo at Damsite near Castaiier (station number
50141500) (fig. 1).

Table 1. Principal characteristics of Lago Guayo and structures as of 1956 (Modified from Sheda and Legas, 1968)

[Elevations in meters above mean sea level]

Total length of dam at top (spillway and nonoverflow SECHONS) ........ececeerrrrrccrnereeresenissesesussssracnenns 169.16 meters
Length Of SPILIWAY .....cvveeereieieiieiiirinee e ertesterierese st raeseesbessasssssassasaenssnesserscasassensesteseenesssanesntseeeasanses 67.06 meters
Elevation of crest of SPILIWaY .......c.coecnieiiniiincctcirietescsn st se st sese s st .445.00 meters
Maximum Width @t DASE......ccccveiiiiicriiiiiice et ettt enes 44.20 meters
Maximum flood-18VEl SEOTAZE.......c.c.covevereeireiirieirietieeetereeriert et beraesee s snsesssse s enenens 23.44 million cubic meters
SPIllWay CIEest-1eVEL SLOTAZE ........cccerririerriieeereeirrireeeassesseniasrestestessessesssssesassesasssansessasees 21.46 million cubic meters
Diameter Of SIHICEWAY .......ccceevvereirrirrireteierteintesessesessesis e iassasessesissesasssssssesensesssasessentnsestssencsensasesseserenes 0.61 meter
Maximum heiZht OF AN ....c..ecviciiiiiieiceeecee et eesesreerbe s e e s essssbaes s e et essnarsensesrsensans 57.91 meters
Elevation of inlet structure of GUayo tUNNEL............oeeeveeerieiereeereiereieeeresesrnesseesseeesesearesceseeenes 417.58 meters
Drainage area at dam SIte........cccvverieieererereerierrennierisesseeetssesseseseesessaseseesessesssessessesesesseseses 24.86 square kilometers

Method of Survey
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Figure 2. Planned cross-section locations for the October 1997 bathymetric survey of Lago Guayo,
Puerto Rico.
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Contour lines of equal depth were drawn at
variable intervals from the shoreline to the deepest
part of the reservoir. A contour line representing the
deepest part of the reservoir (38.5 meters) was also
added. These contour lines were then converted into a
triangulated irregular network (TIN) describing the
surface model of the reservoir. From this model, the
reservoir storage capacity and the volume of sediment
accumulated since impoundment were calculated.

A stage-storage curve was developed by
calculating the reservoir volume at incremental pool
elevations. Also, longitudinal profiles representing the
reservoir bottom along the thalweg of the different
routes, and cross sections representing the reservoir
bottom from shoreline to shoreline were developed
from the TIN surface model. These cross sections will
be referred to as model cross sections later in this
report. The locations of the model cross sections are
presented in figure 3.

Field Techniques

The bathymetric survey of Lago Guayo took
place during October 29 to 30, 1997. Data were
collected using the Bathymetric/Land Survey System
(BLASS) developed by Specialty Devices, Inc. This
system, consisting of two Motorola Six Gun DGPS
units, indicates the horizontal position of the survey
boat. The units were used in static mode before the
bathymetric survey started to establish reference
marks at several sites overlooking the reservoir. Three
reference marks were established from the USGS
benchmark HELECHO (lat 18°14'45.370"N., long
66°48'41.836"W.); Guayo-1 (lat 18°11'50.534"N.,
long 66°50'02.404"W.), at the boat ramp of the Lago
Guayo Fishing Club; Guayo-2 (lat 18°12'46.083"N.,
long 66°50'08.815"W.), at the stairs on the left parapet
of the dam; and Guayo-3 (lat 18°12'38.925"N., long
66°50'06.884"W.), at the left abutment of the dam.

These sites later served as reference or master
stations. One DGPS unit was installed at the reference
station whereas the other DGPS unit was mounted on
the survey boat to be used as the mobile unit. The
DGPS on the survey boat independently calculated a
position every second, while a set of pseudo-range

corrections were received every 5 seconds from the
reference station to maintain positional precision
within 2 meters. When reception of the reference
station corrections was lost, a new reference station
was occupied or a signal repeater was installed.

Water depths were measured by using a
Raytheon DE-719 depth sounder with an Odom
Digitrace that converts the depth data into digital
form, to be stored in a portable computer. The depth
recorder was bar checked at a 30-meter depth. A bar
check is used to calibrate the depth sounder by
lowering a metal plate or bar to a known depth and
verifying the analog values recorded on the chart and
the digital values recorded on the computer. A
tolerance of 5 centimeters was used. Navigation was
controlled by the bathymetric survey software
HYPACK, which receives and records positions and
depths once every second while in survey mode.

Although 105 cross sections were planned in the
office, only 95 cross sections were surveyed. Ten
sections were inaccessible because of low water
depths or because floating debris impeded navigation.
The track lines of the October 1997 bathymetric
survey are shown in figure 4.

Data Reduction

Initial editing with verification of the positional
and depth data was performed by using the HYPACK
software. Positions were corrected to eliminate the
anomalous positional errors that appear when the
correction signal is lost due to either local topographic
features or electromagnetic interference. Water-depth
readings were corrected in HYPACK to eliminate
anomalous depth values that did not appear on the
fathometer chart.

The pool elevation during the 2 days of the
bathymetric survey slightly decreased. To report the
depth data collected as depths below spillway
elevation, a time-elevation correction factor was
applied. Continuous measurement of the pool
elevation during the bathymetric survey were obtained
from the Lago Guayo at damsite near Castaiier lake-
level station.

Method of Survey 5
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Figure 3. Location of model cross sections of the October 1997 bathymetric survey of Lago Guayo, Puerto Rico.

Sedimentation Survey of Lago Guayo, Puerto Rico, Octoher 1997



18°12°30"

18°11°30”

66°51°00” 66°50°00” 66°49°00"
f T

f

EXPLANATION

) Track lines where bathymetric
data were collected

4

400 METERS

0 1,000 FEET

Figure 4. Actual track lines of the October 1997 bathymetric survey of Lago Guayo, Puerto Rico.

Method of Survey

7




The edited data were then transferred into the
GIS. Contour lines were drawn by using the software
Arc/Info (plate 1). The program was customized to
color code the different depth intervals. Contour lines
were then drawn using heads-up digitizing. The
contour map was used to construct the TIN surface
model of the reservoir bottom.

The storage capacity and sediment
accumulation were calculated using the TIN surface
model of the reservoir. Model cross sections and
longitudinal profiles were generated from the TIN
surface model to show the lake bottom morphology
for different areas of the lake.

ACTUAL CAPACITY AND SEDIMENT
ACCUMULATION

The capacity of Lago Guayo was calculated to
be 16.57 million cubic meters in 1997. This represents
a reduction of 14 percent or 2.63 million cubic meters

from the original storage capacity in 1956. This
amounts to an average long-term sedimentation rate of
0.06 million cubic meters per year or an average 0.3
percent of capacity loss per year. At this sedimentation
rate the expected useful life of Lago Guayo is about
276 more years. This estimate is likely to change,
since the trapping efficiency decreases as the reservoir
fills with sediment. The results of the 1956 and 1997
bathymetric surveys are summarized in table 2.

The elevation of the inlet structure of the Guayo
tunnel is of 417.58 meters above mean sea level. The
live storage of the reservoir was determined by
calculating the volume of the TIN surface model at the
specified datum. Of the 16.57 million cubic meters of
storage capacity, only 15.71 million cubic meters is
available for hydroelectric power generation. The
remaining 0.86 million cubic meters represents dead
storage that serves as a depository for future sediment
accumulation. Model cross sections generated from
the TIN surface model of the reservoir are shown in
figure 5.

Table 2. Comparison of the 1956 and 1997 sedimentation surveys of Lago Guayo, Puerto Rico

[---, not available or undetermined]

1956 1997
Total capacity, in million cubic meters 19.20 16.57
Live storage, in million cubic meters --n 15.71
Dead storage, in million cubic meters -— 0.86
Sediment accumulated, in million cubic meters 0 2.63
Years since construction 0 41
Storage loss, in percent 0 14
Average annual capacity loss, in percent 0 0.3
Average long-term sedimentation rate, in million cubic meters per year 0 0.06
Year reservoir is expected to completely fill with sediment! --- 2273
Trapping efficiency, in percent 298 96
Average sediment yield, in megagrams per square kilometer per year3 - 857

! Assuming that the reservoir would continue to fill at the average long-term sedimentation rate; in reality, sedimentation rate
decreases with time as the reservoir fills and the trapping efficiency decreases.

2 Using the capacity/inflow ratio described by Brune (1953).

3 Including the Lago Yahuecas drainage area. Lago Yahuecas diverts water into Lago Guayo, exporting considerable amounts of

sediments into Lago Guayo.
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Sediment accumulation in the reservoir appears
to be moderate, since the model cross sections in the
dam area (fig. 5) do not show the flat bottom usually
present in severely sedimented reservoirs. A flat
bottom is only observed upstream from the confluence
of the Rio Cidra and Rio Guayo branches of the
reservoir.

The Guayo tunnel intake structure is about
1,500 meters upstream from the dam (fig. 6). It is
likely that the reservoir bottom in the adjacent area of
the tunnel inlet hoist house has reached the elevation
of the inlet structure trash rack. The structure is
submerged at a water depth of about 27 meters, and
the reservoir bottom surrounding this area has a
maximum depth of about 26 meters. It is possible that
if the structure is not operated on a regular basis it
could be buried under deposited material since it is
located near the confluence of the Rio Cidra and the
Rio Guayo branches of the reservoir. The reservoir
bottom in the dam area has reached an elevation of
about 406.5 meters above mean sea level. This means
that the sluiceway structure, which is at an invert
elevation of 406.61 meters above mean sea level and
has an opening 0.61 meter in diameter, is also in
danger of being disabled by sediment deposition.

The longitudinal profiles along the thalweg of
the different routes of Lago Guayo generated from the
TIN surface model of the reservoir are shown in figure
7. A capacity curve was generated from the 1997 TIN
surface model (fig. 8).

TRAPPING EFFICIENCY AND SEDIMENT YIELD

The trapping efficiency of Lago Guayo was
estimated by using the capacity/inflow ratio described
by Brune (1953). Since the Lago Guayo basin has no
stream-gaging station to measure the reservoir inflow,
the drainage-basin runoff was estimated by using the
mean annual rainfall of 2,290 millimeters (Calvesbert,

1970) and the rainfall/runoff ratio of 0.45 (Giusti and
Lépez, 1967) for this particular basin. Multiplying the
average annual rainfall by the rainfall/runoff ratio
gives a mean annual runoff of 1.03 meters for the Lago
Guayo basin. Based on the 24.86-square-kilometer
catchment of Lago Guayo, the average annual runoff
entering the reservoir is 25.61 million cubic meters per
year. From Brune’s curve, the trapping efficiency of
Lago Guayo was estimated to be about 98 percent in
1956 and about 96 percent for 1997. The average
trapping efficiency is about 97 percent.

The Lago Guayo basin was artificially increased
when Lago Yahuecas was connected to Lago Guayo
by an underground tunnel connection, to provide
additional water supply for hydroelectric power
generation at Powerplant no. 1 (fig. 1). Lago Yahuecas
is a reservoir that is part of the Southwestern Puerto
Rico Project and has a drainage area of 45.17 square
kilometers (Soler and others, 1999). Considerable
amounts of sediments are transported into Lago Guayo
through the tunnel connection. In order to adequately
estimate the sediment yield of the Lago Guayo
drainage area, the combined drainage areas of both
reservoirs (70.03 square kilometers) is needed in the
calculations. The sediment accumulation in Lago
Guayo (2.63 million cubic meters) divided by
the average trapping efficiency of the reservoir
(0.97) equals the net quantity of sediment eroded from
both basins that affects Lago Guayo. This gives a net
2.71 million cubic meters of sediment in 41 years or
0.07 million cubic meters per year. Based on the
combined drainage area of 70.03 square kilometers
and assuming a dry-bulk density of 1 gram per cubic
centimeter for the sediment, the sediment yield of the
Lago Guayo/Lago Yahuecas basin was estimated to be
about 857 megagrams per square kilometer per year.
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Figure 6. Reference distances for longitudinal profiles of Lago Guayo, Puerto Rico, during the October 1997

bathymetric survey.
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