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Preface

Mitigation: Water Currents

Understanding the movement of coastal water is of major importance
for operating facilities in coastal margins. EcoElectrica’s Pier is situated at
the boundary of Penuelas and Guayanilla Bays, thus knowledge of the
extant currents patterns allows for predictions of the sources and fates of
materials transported in the water column within and adjacent the facilities.
The dispersal of materials in the coastal ocean can be evaluated with
knowledge of currents. The possible link between planktonic species of
different sources can be evaluated as well as sources of planktonic species
impacted by cooling water intake systems (CWIS).
Little formal knowledge on currents is available for Guayanilla Bay.
The first comprehensive reports on currents in Guayanilla Bay was that
presented by Goldman (1979)* where it summarizes work conducted during
the last portion of 1970’s by the Puerto Rico Nuclear Center later Center for
Energy and Environment Research. The application of present day
technologies could allow for a more detailed view of the transport regime in
waters associated to EcoElectrica’s pier and Guayanilla Bay overall. The
use of modern methodologies in conjunction with spatial modeling will allow
for a better representation of currents under different scenarios including
changing winds and tides. The following work is the first step in the modern
assessment of current regimes in the Guayanilla/Tallaboa Bay. It provides
*

Goldman, G.C., 1979. Water circulation in Guayanilla Bay. In: J.M. Lopez (Ed.). Proceedings of the Symposium on Energy,
Industry and the Marine Environment in Guayanilla Bay. pp. 10-18. Center for Energy and Environment Research. UPR. Mayaguez.
Puerto Rico.
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the stepping stone for testing and developing circulation models that will
enable a comprehensive view of near-surface currents (speed and
direction) and potential transport of plankton, suspended and dissolved
materials.

Ernesto Otero Morales, Ph.D.
Researcher
Marine Science Department
UPRM
Lajas, Puerto Rico, 15 March 2013
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Introduction
In October 2012 a series of field experiments were conducted in an effort to
better understand nearshore circulation patterns in the vicinity of the EcoEléctrica LNG terminal’s seawater intake pipeline. One of the reasons for
these experiments was to evaluate the transport pathways in the area to
potentially determine the source of the plankton (materials) that is ingested
into Eco-Eléctrica’s seawater cooling system. Figure 1 shows the
bathymetry of the study area.

Methods
General Approach
Two approaches were followed. A long-term Eulerian (fixed point) approach
was used in which the direction of currents were estimated using an
acoustic Doppler current profiler (ADCP; Figure 2). The second approach
was a short term Lagrangian observation in which drifters follow a parcel of
water (Figure 2) for a period of time.

Acoustic Doppler Current Profiler
An ADCP measures water velocity and acoustic backscatter intensity for
the full water column using the return of emitted soundwaves bouncing
from suspended particles (acoustic backscatter). The acoustic backscatter
can be used as an approximate proxy for suspended particle concentration
or water turbidity, although this can only be done in a qualitative manner.
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An ADCP was deployed for 30 days (October 3 – November 3 2012) on the
seabed at a depth of 27 feet, at latitude 17.97373 N and longitude
66.75765 W, 250 meters southeast of the seawater intake pipeline of EcoEléctrica (Figure 1 and 3). The vertical resolution or bin size of the ADCP
was set at 0.5 meters, and the temporal resolution was 20 minutes, which
allowed us to obtain a dataset with a very high temporal resolution of three
observations per hour.

Lagrangian drifters
Three Lagrangian GPS-tracked drifters were deployed on November 3
2012 near the ADCP deployment location. These drifters are designed to
minimize the wind-induced drift and move with a velocity representative of
the near-surface one-meter section of the water column. A picture of one of
the drifters can be observed in Figure 2.

Results
Figure 3 shows the trajectories of three drifter obtained on November 3
2012. These drifters were released at the ADCP location around 9 AM. The
three drifters tracked in the WNW direction at a speed of about 10-15 cm/s,
which agrees very well with the ADCP observations for that time period (as
discussed later). This confirms that the ADCP data is a good representation
of the near-surface flow.

Figure 4 shows a series of plots summarizing the ADCP data. The top
panel shows a contour plot of the east-west velocity component for the full
BMPP and Mitigation 2012
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deployment period. The second panel from top is the same as above but
for the ADCP backscatter intensity, which can be visualized as a proxy for
water turbidity. The third panel from the top shows the wind speed (knots)
at the CariCOOS Ponce buoy (http://www.caricoos.org/drupal/ponce), while
the bottom panel shows a plot of the significant wave height in feet at the
CariCOOS Ponce buoy. These two plots are shown to visualize the impact
of wind and wave forcing on the local hydrodynamics (where increased
increased winds and waves are associated with dominant westward
currents and increased backscatter (turbidity).

To better visualize the basic current dynamics, Figures 5 and 6 show
ADCP currents for low wind and normal trade wind periods, respectively.
The top panel of each figure shows a contour plot of the east-west velocity
component, while the second panel shows a time series of the depthaveraged east-west velocity component. The third panel from top shows
the tidal elevation from the nearby Isla Magueyes NOAA tide station, while
the last panel shows the wind speed (knots) measured at the CariCOOS
Ponce buoy. From these figures as well as the preceding figures, the
following general observations can be made:
• In general and in the absence of wind forcing, a dropping tide
generates an eastward flow while a rising tide generates a westward
flow
• Tidal currents fluctuate from 0 to 25 cm/s
• Wind forcing causes acceleration in the near surface layer of the
water column
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• In the case of very strong winds, the wind-driven flow can dominate
the tidal flow. For example, very strong easterly winds can cause a
westward current throughout the water column.
• There is a clear diurnal signal in the acoustic backscatter intensity as
is evident in the second panel in Figure 4, and this signal appears to
be correlated to a westward flow caused by the rising tide. This
diurnal signal seems to be related to the tidal advection of riverine
material coming from Tallaboa Bay.

Figure 7 shows a time series of the depth-averaged east-west velocity,
which largely summarizes the current dynamics for the deployment period.
There is a very clear diurnal tidal signal, which is modulated by the daily
wind cycle, but note that this diurnal cycle is masked by a very strong
signal from October 25-26 2012. This time period corresponds to that in
which Hurricane Sandy was developing in the Caribbean Sea, causing very
strong southerly winds and a significant wave event for several days.
Figure 8 summarizes the hydrodynamic conditions during this time period,
with the same panels as Figure 4. Note that the very strong south winds
and waves seem to have caused a persistent westward current between
Oct 23 and Oct 25. There is also a marked increase in the acoustic
backscatter intensity (second panel from top); this signal is likely caused by
wave-induced sediment suspension.

Figure 9 shows a current rose plot that provides a visualization of the
directional distribution of currents in the vicinity of the Eco-Eléctrica pier.
From this figure the following observations can be made regarding the
directional distribution of the currents:
BMPP and Mitigation 2012
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• There is a clear alongshore oscillation in the ESE-WNW direction,
which corresponds to the major axis of the tidal ellipse*.
• There is also a slight mean flow in the WNW direction.
• Although there seems to be a net flow towards the pier, there is
significant transport both from the WNW and the SSE, which likely
means that there is significant water exchange between the
Guayanilla and Tallaboa Bays
• It is likely that a larger percentage of the water ingested into the
seawater cooling system comes either from Tallaboa Bay or from the
reefs near María Langa than from Guayanilla Bay based on the
current velocity frequency.
• Further studies are necessary to model the exact particle trajectories

Hydrodynamic conditions during the October 11-12 plankton
sampling period
Dr. Ernesto Otero conducted plankton sampling field experiment on
October 11-12, and here we summarize the hydrodynamic conditions
during this time period to put into context Dr. Otero’s results. The top panel
of Figure 10 shows a contour plot of the east-west velocity component,
while the second panel shows a time series of the depth-averaged eastwest velocity component. The third panel from top shows the tidal elevation
from the nearby Isla Magueyes NOAA tide station, while the last panel

*

“A common diagnostic tool for tidal currents is a plot of tidal current”vectors, with the tails at a single point, as a function of time. Over a tidal
cycle, the current vectors typically trace out a tidal ellipse” from http://faculty.washington.edu/luanne/pages/ocean420/notes/local.pdf.
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shows the wind speed (knots) measured at the CariCOOS Ponce buoy. As
measured at the CariCOOS Ponce buoy, this time period was
characterized by normal trade wind conditions with wind strengthening by
midday and early afternoon of each day. There is a general westward flow
during rising tide on October 11, which is consistent with the observations
discussed in preceding paragraphs. The westward tidal flow seems to have
been intensified by the increase in wind intensity during the afternoon of
each day. In general, the flow patterns seem to be symmetric with respect
to the WNW-ESE axis. Specifically, the surface water current was
westward during the beginning of plankton sampling during the night of
October 11 and changed eastward towards the end. The surface current
during the morning-early afternoon plankton sampling also showed eastwest reversals. This complex set of current reversals underscores the
importance to consider this factor when interpreting biological features in
coastal waters.

To better understand possible particle dispersion patterns, in Figure 11 we
show a progressive vector diagram rendering of simulated 6-hour
trajectories. It must be emphasized that these are not true Lagrangian
particle trajectories but rather a representation of particles released
theoretically every six hours from the ADCP deployment location. The
theoretical trajectories are based the ADCP velocity vectors and on the
assumption of a spatially homogeneous flow. These theoretical or false
particle trajectories were calculated for eight 6-hour time periods. These
results suggest that the water which is ingested into the seawater cooling
system for these two simulated days may have originated from Guayanilla
Bay, Tallaboa Bay or the nearby reefs around Cayo Maria Langa and
BMPP and Mitigation 2012
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implying that particlesn (plankton) suctioned by the CWIS may be provided
by multiple sources from reefs and inner bay waters of Guayanilla and
Tallaboa and that modeling of this sources should consider the water
current regime. Furthermore, the false trajectories also illustrate deviation
from the WNW-ESE axis that could be explained by the tidal and wind
conditions when particle release occurred. That is, if particle release
occurred during peak current conditions trajectories may be directionally
consistent than if released during water current slack periods (particles
drifting to shore). Thus the specific timing of events may elicit different
dispersal patterns that should be considered in case of, for example, spill
control.

Concluding remarks
A 30-day ADCP deployment was successfully conducted. The deployment
produced a very large and valuable dataset of the ocean current dynamics
in the vicinity of the Eco-Eléctrica pier. This data has allowed us to make
several important observations regarding the flow behavior. Most
importantly, we have shown that the current oscillates significantly in the
WNW-SSE direction, which suggests that the seawater ingested by the
intake pipeline may come from a wide variety of sources, although a larger
percentage comes from the east, either from Tallaboa Bay or the reefs near
Cayo Maria Langa.
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Future work
It is recommended that a hydrodynamic model be implemented for the
region so that a particle transport model can be developed. Figure 12
shows preliminary results from a numerical simulation of coastal circulation
in the vicinity of Eco-Eléctrica using the regional oceanic modeling system
(ROMS)*. This model takes into account physical forcing from large-scale
currents, tides and wind to predict coastal currents in areas of complex
bathymetry. While this simulation is very preliminary in nature, a real-time
operational numerical model could be set up in the future for the EcoEléctrica region for scientific and spill modeling purposes. Such a model
could be able to forecast particle trajectories which could be used for many
purposes, including examining the source of larvae and plankton which are
ingested by Eco-Electrica’s cold water intake pipeline.

*

Shchepetkin, A. F. and J. C. McWilliams. 2005. The regional oceanic modeling system (ROMS): a split-explicit, free-surface,
topography-following-coordinate oceanic model. Ocean Modelling 9: 347-404.
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Figures

Figure 1. Bathymetry of the study area. The diamond marks the approximate location of ADCP.
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Figure 2. Picture taken during the ADCP recovery operation, showing a Lagrangian drifter and the ADCP.
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Figure 3. Location of the ADCP (yellow circle) and Lagrangian drifter tracks.
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Figure 4. Hydrodynamic regime during study period. Top panel: Contour plot of the east-west velocity
component for the full deployment period; blue color represents westward flow while red represents
eastward flow. Second panel from top: Same as previous but for the ADCP backscatter intensity, which can
be visualized as a proxy for water turbidity. Third from top: Wind speed (knots) at the CariCOOS Ponce
buoy. Bottom panel: Significant wave height in feet at the CariCOOS Ponce buoy. Dotted lines mark specific
periods discussed in other figures. Red markers indicate period of plankton sampling.
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Figure 5. Hydrodynamic regime during low wind conditions. Top panel: Contour plot of the east-west
velocity component (blue color represents westward flow while red represents eastward flow) for the period
from October 29 – November 2 2012, corresponding to a period of low wind conditions. Second panel from
top: Time series of the depth-averaged east-west velocity component. Third from top: Tidal elevation from
the Magueyes Island NOAA tide gauge. Bottom panel: Wind intensity (knots) measured at the CariCOOS
Ponce buoy.
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Figure 6. Hydrodynamic regime during normal trade wind conditions. Top panel: Contour plot of the eastwest velocity component (blue color represents westward flow while red represents eastward flow) for the
period from October 8 – October 12 2012, corresponding to a period of low wind conditions. Second panel
from top: Time series of the depth-averaged east-west velocity component. Third from top: Tidal elevation
from the Magueyes Island NOAA tide gauge. Bottom panel: Wind intensity (knots) measured at the
CariCOOS Ponce buoy.
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Figure 7. Time series of the depth-averaged east-west velocity measured by the ADCP.
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Figure 8. Hydrodynamic conditions during Hurricane Sandy. Top panel: Contour plot of the east-west
velocity component (blue color represents westward flow while red represents eastward flow) for the full
period from October 23-28 2012, during which the south coast of Puerto Rico was affected by a wave event
caused by Hurricane Sandy. Second panel from top: Same as previous but for the ADCP backscatter
intensity, which can be visualized as a proxy for water turbidity. Third from top: Wind speed (knots) at the
CariCOOS Ponce buoy. Bottom panel: Significant wave height in feet at the CariCOOS Ponce buoy.
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Figure 9. Rose plot of the depth-averaged velocity measured by the ADCP.
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Figure 10. Hydrodynamic conditions during plankton sampling. Top panel: Contour plot of the east-west
velocity component (blue color represents westward flow while red represents eastward flow) for the period
from October 11 – October 12 2012, corresponding to the plankton sampling period conducted by Dr.
Ernesto Otero. Second panel from top: Time series of the depth-averaged east-west velocity component.
Third from top: Tidal elevation from the Magueyes Island NOAA tide gauge. Bottom panel: Wind intensity
(knots) measured at the CariCOOS Ponce buoy.
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Figure 11. Progressive vector diagram rendering of eight possible 6-hour particle trajectories assuming
spatially homogeneous flow. While these are not true particle trajectories, they give an idea of the scale of
particle excursion during the plankton sampling period between October 11-12 2012. These trajectories are
obtained by integrating in time the ADCP velocity for a period of six hours for a total of 8 particle releases
between October 11 and October 12, 2012
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Figure 12. Preliminary results from a numerical simulation of circulation for the study site.
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