
The Use of a Nearshore Wave Model in Identifying Shoreline Change at Station
Beach, La Brea, Trinidad

INTRODUCTION

In 1995, development works were undertaken in La Brea
(Figure 1) by a gas company to create a port and industrial
estate. The construction activities included the dredging of an
approach channel and turning basin extending northwesterly
(315°) from a berthing dock located along the shoreline (Figure
1). The channel and turning basin were dredged to a depth of
13.8 m relative to Chart Datum (LowestAstronomical Tide).

During the dredging activities, the Institute of MarineAffairs
(IMA), through its Coastal Conservation Project, ascertained
that the morphology of Station Beach was undergoing
significant changes. This study utilizes the MIKE21 NSW
model to simulate the changes likely to occur as a result of the
dredging activities.

Station Beach is located on the west coast of Trinidad in the
Gulf of Paria (Figure 1) and is a very important recreational
beach for the residents of the area. It is 1.6 km long, 12-50 m
wide and is oriented along an east-west axis (076°-256°). The
beach is embayed between a mangrove swamp to the east and
low eroding bluffs (0.5 m to 3.0 m in height) to the west.

The beach has a gentle gradient (3°) and consists of fine-
grained sand composed mostly of quartz with minor asphaltic
constituents and rock fragments (IMA,1993). There are several
asphalt (pitch) outcrops along the La Brea coastline.

Prior to dredging, the seabed was gently sloping with depth

contours parallel to the shoreline (Figure 2A). The seabed slope
was approximately 1:92 up to the 10 m contour (800 m from the
shoreline).

A hydrographic survey conducted after the dredging
activities in 1995 showed that the nearshore bathymetry was
significantly altered at the western end of Station Beach (Figure
2B). The channel and turning basin created extended from the
13.8 m contour up to the shoreline.

Tides at La Brea are mixed semi-diurnal, with a
corresponding tidal range of 1.64 m. The wave energy within
the area is low to moderate with wave heights seldom exceeding
0.5 m. Swell approach from the north and northwest, while wind
waves approach from the northeast. The largest waves are
experienced during the period November to April, which
coincides with the Northern Hemisphere winter season (IMA,
1993). The longshore currents are predominantly westerly with
speeds in the range 0 to 0.43 m/s.

The MIKE21 NSW numerical model developed by the
Danish Hydraulic Institute in Denmark was used in this study. It
is a quasi-stationary nearshore wave model providing
information on the transformation of waves up to the shoreline,
including the effects of wave breaking.

Model predictions of the location and percentage change in
wave heights (energy) resulting from the alteration to the
seabed due to dredging were conducted. Comparisons were
made between the modeled changes in wave heights and beach
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profile data before and after dredging.
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A nearshore spectral wave model was used to identify changes in the wave field before and after the dredging of a
channel and turning basin at La Brea, Trinidad. These changes were manifested in the form of erosion and accretion
of the shoreline. The Danish Hydraulics Institute (DHI) MIKE21 Nearshore Spectral Wave (NSW) numerical model
(DHI, 2000) was applied to the La Brea study area. MIKE21 NSW is a quasi-stationary nearshore wave model
providing information on the transformation of waves up to the shoreline. This model includes the effects of wave
breaking. Two wave scenarios were modeled for each of the pre-dredge and post-dredge model grids for the channel
and turning basin. To examine the effects that the dredging may have on the shoreline at La Brea, difference plots
were done of the swell wave model runs before and after dredging of the channel and turning basin. This was also
done for the wind waves. The data from the wave model showed the potential for coastal erosion/accretion by
defining areas of increased and decreased wave energy. The results showed that after the dredging of the approach
channel and turning basin there was an increase of 10% - 16% in wind wave (4 s) energy in the western area of Station
Beach, at profile 1. There was also a similar wave energy increase in the area located west of the dredged area. There
was a corresponding increase in swell wave energy of up to 28% and 14% at profile 1 and Point Galba, respectively.
The model results and beach profile data for the study area showed that there was a relationship between wave
energy and coastal erosion at Station Beach. Prior to dredging in August 1995, the western section of Station Beach
was in dynamic equilibrium. After dredging, the shoreline started to erode at a rate of approximately 1.9 m/yr. The
erosion within this area corresponded to the predicted increase in swell wave energy of 28%. The model data also
showed that at the other areas of Station Beach, the wave energy was not significantly affected after the dredging of
the channel and as such beach loss in these areas was unlikely. Beach profile data confirmed that these areas were not
directly affected by dredging activities. Prior to dredging, the central area of Station Beach was eroding at a rate
ranging from 0.2 m/yr to 1.1 m/yr and the width of the beach ranged from 12 m to 25 m. After dredging this area of
Station Beach started to accrete with sediment possibly derived from the eroded areas adjacent to the channel,
resulting in an increase in beach width.
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two wave scenarios were modeled for each of the pre-dredge
and post-dredge model grids. The model grids were generated
using the bathymetry before and after dredging as shown in
Figure 2. The bathymetric data were derived from in-surveys
conducted by the dredge contractors and supplemented with
information from the (2000a,
2000b). The wave conditions used in the wave refraction
modeling exercise were based on wave data collected by IMA
(1993, 1999).

4 s wind waves from the northeast with a significant wave
height (H ) of 0.5 m and; 7.4 s swell from the northwest with a

significant wave height (H ) of 0.5 m.

Wave refraction scenarios were modeled using MIKE21

NSW. The following four scenarios were modeled:
1. Scenario 1: Pre-Dredge bathymetry with wind waves

(0.5 m, 4 s from northeast).
2. Scenario 2: Pre-Dredge bathymetry with swell (0.5 m, 7.4

s from northwest).
3. Scenario 3: Post-Dredge bathymetry with wind waves (0.5

m, 4 s from northeast).
4. Scenario 4: Post-Dredge bathymetry with swell (0.5 m, 7.4

s from the northwest).
Wave field difference plots were then generated by

subtracting the pre-dredge wave field from the post-dredge
wave field; and dividing the difference by the pre-dredge wave
field. This normalised ratio was then expressed as a percentage.
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Figure 1. The StudyArea, Station Beach, La Brea, Trinidad.

Figure 2. Bathymetry contour charts of study area (A) left, before dredging and (B) right, after dredging.

Journal of Coastal Research Special Issue 39, 2006,

Gopaul and O'Brien-Delpesh 1475



[{H (post-dredge) H (pre-dredge)}/ H (pre-dredge)]*100%

where H is the significant wave height, i and j represent the x

and y coordinates of the model grid system.

The results of the four model scenarios are shown in Figure 3
and are as follows:

Figure 3A shows the results of the modeling for the wind
waves entering the study area from the northeast. Wave
energy is focused at the headlands, Pitch Point in the east and
Point Galba in the west.

The results of the modeling for swell approaching the study
area from the northwest before the channel was dredged is
shown in Figure 3B. The wave energy tends to focus at Point
Galba and near profile 1.

Figure 3C shows the results of the modeling for the wind
waves entering the study area from the northeast with the
approach channel and turning basin in place. The results
showed a convergence of waves (energy) on both the eastern
and western sides of the channel at profile 1 and Point Galba,
respectively. Waves diverge away from the dredged channel
and turning basin resulting in a reduction of wave energy in
these areas.

The results of the modeling for the swell approaching the
study area from the northwest with the dredged approach
channel and turning basin are shown in Figure 3D. The results
show increased wave height (energy) impacting on the
shoreline immediately to the east (profile 1) and west of the
dredged area (Point Galba), which were similar to the results in
Scenario 3.

Difference plots were generated for wave model runs using
the pre-dredge and post-dredge scenarios. These plots were
used to define the areas of increased and decreased wave
heights (energy) as a result of dredging. Areas of
increased/decreased wave energy were compared with changes
observed in the beach profile data to determine the possible
effects of dredging on Station Beach.

The difference plot for wind wave heights before and after
dredging is shown in Figure 4A. The alteration to the
bathymetry due to the dredging of the approach channel and
turning basin resulted in an increase of 10% - 16% in wind wave
height (energy) at profile 1. There was also a similar increase in
wave energy west of the dredged channel, at Point Galba.

Under swell conditions, the difference plot showed increased
wave heights (energy) of up to 28% immediately east of the
channel at profile 1 (Figure 4B). There were also areas west of
the channel (Point Galba) that showed increases in wave height
(energy) ranging from 7% to 14%.

Alteration of the seafloor topography can result in the
modification of the wave field near the shoreline. This leads to
alongshore variations in wave energy which can be related to
localised areas of erosion and accretion at the shoreline.

Several studies have utilised wave refraction to identify the
effect of wave focusing phenomena on coastal erosion ( ,
1987, and , 2000). and
(1998) also used wave refraction to determine the effects of
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RESULTS

DISCUSSIONS

Scenario 1: Wave refraction using pre-dredge
bathymetry with wind waves (0.5 m, 4 s from
northeast)

Scenario 2: Wave refraction using pre-dredge
bathymetry with swell (0.5 m, 7.4 s from
northwest)

Scenario 3: Wave refraction using post-dredge
bathymetry with wind waves (0.5 m, 4 s from
northeast)

Scenario 4: Wave refraction using post-dredge
bathymetry with swell (0.5 m, 7.4 s from
northwest)

Predictions Based on the Model

HEALY

SPERANSKI CALLIARI MAA HOBBS

Figure 3. Wave refraction diagrams for (A) top left, pre-dredge bathymetric conditions using wind waves, (B) top right, pre-dredge
bathymetric conditions using swell, (C) bottom left, post-dredge bathymetric conditions using wind waves, (D) bottom right, post-dredge
bathymetric conditions using swell.
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dredging on the coastline.
The wave refraction modeling conducted in this study

demonstrated that the dredging of the channel and turning basin
which altered the seafloor relief at La Brea resulted in an
increase in wave height (energy) by as much as 28% at certain
sections of Station Beach. At profile 1 in the western section of
Station Beach, there was an increase of 10% - 16% in wind wave
(4 s) energy. There was also a similar increase in wave energy at
Point Galba located west of the dredged channel.

The model results showed a corresponding increase in swell
wave energy of up to 28% at profile 1 and 14% at Point Galba.

The beach profile and modeled wave data before and after
dredging were used to determine the possible effects of
dredging on the morphology of Station Beach. Prior to dredging
in August 1995, an IMA (1993) study showed that the beach at
profile 1 (Figure 1) was in dynamic equilibrium (Figure 5A).

After dredging, the shoreline started to erode at a rate of
approximately 1.9 m/yr. The erosion within this area
corresponded to the predicted increase in swell energy of 28%.

The model data also showed no significant increase in wave
energy at profiles 2, 3 and 4 after the dredging of the channel.As
such, beach loss in these areas was unlikely. Beach profile data
confirmed that these areas were not directly affected by
dredging activities (Figures 5B, 5C and 5D). Prior to dredging,
the beach at profile 3 was eroding at a rate ranging from 0.2 m/yr
to 1.1 m/yr and the average width of the beach was 12 m to 20 m
(Figure 5C). After dredging the beach at profiles 2, 3 and 4
started to accrete with sediment possibly derived from the
eroded areas at profile 1.At profile 3 there was an increase in the
beach width from 12-35 m to 30-50 m.

1. Alteration of the bathymetry due to dredging of a channel
and turning basin resulted in the modification of the distribution
of alongshore wave energy at Station Beach.

2. The greatest modification in the alongshore wave energy
occurred for swell conditions (7.4 s waves from the northwest).

CONCLUSIONS

Figure 4. Difference plots generated for (A) left, wind wave conditions, (B) right, swell conditions.

Figure 5. Beach profiles before and after dredging at Station Beach for (A) top left, profile 1, (B) top right, profile 2, (C) bottom left, profile
3 and (D) bottom right, profile 4.
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3. The identification of areas that may be eroded due to an
increase in wave energy was confirmed by the beach profile
data.

4. The modeled results and beach profile data for the study
area have shown that there is a direct relationship between an
increase in wave energy and beach erosion at profile 1 located in
the western section of Station Beach.

5. Wave refraction modeling provides a useful tool in the
prediction of impacts arising from modifications in the seafloor
topography.

Journal of Coastal Research
Special Issue No. 34, pp. 209-215.
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