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1 Background Information and Data Collection

In order to develop a thorough understanding of the coastal processes that govern the area,
bathymetry, waves, currents, water quality, sediment sampling and seabed probing information
and measurements were gathered over Seven Mile Beach and George Town Harbour.

1.1 Bathymetry

Bathymetry data was obtained from a number of sources in order to have a good representation
of the seabed and shoreline topography. A boat-based bathymetric survey using an echo-sounder
and GPS device was carried out in June 2014 in the nearshore of the project site to obtain water
depth profile data. Data from this survey was post-processed and converted to the national grid
coordinate system and the mean sea level (MSL) datum. For this survey, the boat traversed the
nearshore zone, making a series of tracks from deep water [approximately 164ft (50m) water
depth] in towards the shoreline. Horizontal positioning was measured using GPS equipment, and
an ODOM EchoTrac CV100 single-beam echo sounder provided the water depth information
along the tracks.
The area of interest measures approximately 2.1 miles (3.4km) north-south and 0.75 mile (1.2km)
east-west. Track lines were run perpendicular to the shore at a spacing of 492 – 656ft (150-200m),
giving a total track length of 12.4 – 18.6 miles (20-30km). Water depths were collected at twosecond intervals, which for the boat speed equates to a horizontal spacing of approximately 9.8 –
16.4ft (3-5m).
Figure 1.1 shows the contour plot of the bathymetry offshore and nearshore the western end of
Cayman. This plot represents recently collected bathymetry merged with other data sources to
generate contours of the area offshore Georgetown. Other data sources included a 2006 survey
made available by the Cayman Islands Land and Survey Department, MapSource and deep water
data obtained from the ETOPO1 Global Relief Model.
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Figure 1.1 Bathymetry of Cayman Island
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1.2 Nearshore Current Conditions

This section examines existing and newly collected current and temperature measurements. The
purpose of the data collection is to:
•

Understand the water circulation patterns during summer and winter seasons,

•

Use the data to calibrate the hydrodynamic models, and

•

Determine if there is any evidence of upwelling effects from deeper water.

1.2.1 Previous Current Measurement Programs
Three studies were carried out within the George Town Harbour (GTH) by the Department of
Environment (DOE) and Halcrow. The DOE study was carried out from 1 September 2006 to
29 January 2007 (GOV) while the Halcrow study was from August 2007 to June 2008 (GT1 and
GT2).
DOE also carried out data collection along the northern side of Grand Cayman; one at Macabuca
and another to the north of Cayman (North Side). The Macabuca data spans from August 2009
to December 2010, while the North Side data spans from July 2001 to April 2002. The actual
location of the North Side instrument location is unknown, so this location had to be estimated.
These locations are shown in Figure 1.2.

Figure 1.2 Location of previous current measurement studies undertaken
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Figure 1.3 shows the depth-averaged rose plots for the previous data collection programs. The
ASL raw data was not available for analysis, therefore the results are displayed in ft/s. The North
Side, Macabuca and GOV data sets were plotted in mm/s.
The North Side instrument shows an E-W dominant direction with ENE and WNW being the
second dominant directions. Current speeds at this location did not exceed 0.98ft/s (300 mm/s).
The Macabuca location was very active for high current speeds. The data shows that very high
current speeds flow west to south-west along the coastline, with the SW direction being the
dominant direction and with the highest speeds. The dominant direction to the north is NNW
with speeds not exceeding 0.98ft/s (300 mm/s).
At GTH, the results of GT1 show currents greater than 1.2ft/s (356 mm/s) with a NNW-SSE
direction. The GT2 instrument has a similar rose plot to the GT1, however with lower current
speeds. The DOE’s instrument, GOV, showed currents moving more in a NE-SSW direction with
speeds not exceeding 0.65ft/s (200 mm/s).
Overall, the existing current measurements indicate that the predominant current pattern is
parallel to the local contours. Typically, the strongest and most frequent currents flow parallel to
the local contours, although weaker and less frequent currents do flow in most directions. GOV
depicted a bias towards onshore currents, however, this was not evident at GT1 and GT2. The
currents at Macabuca are significantly stronger than those along the sheltered west coast of Grand
Cayman.
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Figure 1.3 Depth-averaged rose plots for previous data collection programs
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Temperature Measurements at North Side, Macabuca and GOV

Water temperature variations during the current measurement periods were analysed to determine
if there is evidence of upwelling events that may have occurred.
Figure 1.4 shows temperature rose plots for the North Side, Macabuca and GOV instruments.
Temperature data for GT1 and GT2 were unavailable. Temperature readings are recorded at the
instruments, therefore to determine the direction in which cooler waters might be going, rose
plots of water temperature readings less than 80.6oF (27ᵒC) were created, using the bottom
currents to signify the direction of water movement.
The North Side rose plot shows that the coolest temperatures that occurred during the period of
measurement were moving in the N and NNE directions. At Macabuca, the coolest temperatures
were heading in the WSW direction and at the GOV location, the coolest temperatures were
heading NW.
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Seabed temperature and direction rose plots for North Side, Macabuca and GOV instruments
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1.2.2 Summary
The observations are summarized as follows;
•

Currents at the north of Cayman move in an E-W direction most of the time or
ENE-WNW as the second dominant direction. The coolest temperatures occurring at this
location were heading offshore.

•

Macabuca has very strong currents moving to the SW and slower currents moving to the
NE. The coolest temperatures occurring at Macabuca were heading WSW.

•

Currents at GT1 and GT2 move in a NNW-SSE direction, possibly due to the influence of
the contours at these locations; this is more likely with GT1 as it’s closer to the drop off,
which does have a NNW-SSE orientation. No temperature data was available, so it is not
known what the variations were at these locations. Easterly currents are very small (<0.4
ft/s or < 122 mm/s).

•

The GOV site has a NE-SSW dominant direction with onshore currents not exceeding
0.33ft/s (100 mm/s). The coolest temperatures were heading offshore in the NW
direction.

•

Based on this information, there is no evidence of upwelling events occurring during the
measurement periods of each of these instruments. It is believed that the observed
temperature variations are influenced by horizontal temperature gradients passing by
Cayman for short periods.

1.2.3 Smith Warner International/BAIRD (June 2014 – April 2015)
Current and wave measurements were carried out between June 2014 to April 2015. In all, four
instruments were set down:
•

North ADCP (offshore 7 Mile Beach),

•

South (offshore the Port),

•

AWAC (south of GTH) and

•

Quartermaster in deeper water offshore the GTH.

The north and south ADCP’s recorded for a period of 10 months, including the winter swell
season. The AWAC and Quartermaster recorded during the period June to August 2014.
The data collection initially started with three instruments to measure current conditions at Seven
Mile Beach, offshore George Town Harbour (GTH) and south of GTH. In order to have a better
understanding of current patterns in deeper water, it was recommended to include an instrument
deployed further offshore George Town in deep water (Quartermaster) to obtain insights into the
possible presence of upwelling or onshore currents. Table 1-1 summarizes the deployment details
for all four instruments and Figure 1.5 shows the location of the instruments.
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Table 1-1 Summary of Deployments
Deployment Period

Deployment Location

Deployment
Depth (m)

1

9 June – 21 August 2014

19.2881 N, -81.39218 E

20 (65.6ft)

1

10 June – 22 July 2014

2

24 July – 14 September 2014

3

14 October – 5 November 2014

4

12 November -30 December 214

5
6
7

31 December 2014 – 9 February
2015
10 February – 17 March 2015
20 March – 7 April 2015

19.2975 N, -81.38626 E

10 (32.8ft)

1

10 June – 22 July 2014

2

5 August – 9 September 2014

3

4 October – 11 November 2014

North ADCP

4

12 November -30 December 2014

5
6
7

31 December 2014 – 9 February
2015
10 February – 17 March 2015
18 March – 7 April 2015

19.3445 N, -81.39142 E

15 (49.2ft)

Quartermaster

1

24 July – 20 August 2014

19.3008 N, -81.391281 E

260 (853ft)

Instrument
AWAC

South ADCP

Deployment
No.
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Figure 1.5 Deployment locations for 2014 – 2015 data collection period

Figure 1.6 to Figure 1.9 show the depth-averaged rose plots for the North ADCP, Quartermaster,
South ADCP and the AWAC. The North ADCP depth-averaged current rose exhibited N-S and
NNW-SSE directions. The Quartermaster rose plot shows a dominant NNW-SSE direction with
insignificant E-W current movement, which seems to indicate contour-parallel flow. As expected,
an increased percentage of calms was present in the depth-averaged rose plot of the Quartermaster
due to the very low speeds in the deeper bins. The South ADCP rose plot shows similar N-S and
NNE-SSW dominant directions with insignificant onshore flow. The AWAC’s dominant direction
is NNE-SSW with faster currents moving in the NNE direction. The AWAC exhibits a small
occurrence of onshore movement in the ENE-WSW direction, but the majority of the flow is
contour-parallel. The North ADCP depth averaged current rose exhibits N – S and NNW – SSE
directional trends.

SMITH WARNER INTERNATIONAL LIMITED

M AY 2015

HYDRODYNAMICS AND DREDGE PLUME M ODELLING REPORT
C AYMAN ISLAND GOVERNMENT C RUISE BERTHING FACILITY

P A G E | 11

Figure 1.6 Scatter plot of measured currents (left) and current rose (right) at the AWAC location for the deployment period
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Figure 1.7 Scatter plot of measured currents (left) and current rose (right) at the South ADCP location for the deployment period
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Figure 1.8 Scatter plot of measured currents (left) and current rose (right) at the Quartermaster location for the deployment period
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Figure 1.9 Scatter plot of measured currents (left) and current rose (right) at the North ADCP location for the deployment period
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Temperature Variations at North ADCP, Quartermaster, South ADCP and AWAC

This section looks at the water temperature variations of the June 2014 to December 2014 current
data collection program. Figure 1.10 shows the temperature rose plots for the AWAC,
South/North ADCP and Quartermaster. Only temperatures that were less than 84.2oF (29ᵒC) were
plotted alongside the Bin 1 (closest measurement to the seafloor) directions. For the
Quartermaster, the full temperature range was plotted.
The rose plots of all the instruments do not indicate that there was any cold water upwelling
heading onshore. The AWAC does show onshore movement along the seafloor, but no evidence
of cooler water present during the measurement period.
Based on the current speed rose plot of the Quartermaster and the temperature rose plots of the
AWAC and North/South ADCP’s it is believed that due to the slow current movement in deep
water, it is highly unlikely that the onshore flow from deep water (which is carrying colder and
denser water) would be capable of moving up the steep slope and into the nearshore area as there
is no evidence of colder than normal water temperatures being present in the plots. Deep onshore
currents flowing towards the west coast of Grand Cayman are more likely to be deflected
horizontally than to result in typical upwelling events.
1.2.4 Summary
The observations are summarized as follows:
•

Currents at the North ADCP are in the N-SSE direction most of the time. The coolest
temperatures occurring at this location were mainly shore-parallel with some onshore
movement.

•

The Quartermaster dominant direction was NW-SE, with insignificant E-W movement.
The coolest temperatures occurring at the Quartermaster were also moving in a shoreparallel direction with cooler water coming in from the north most of the time.

•

The South ADCP dominant direction was NNE-SSW with the second being a N-S flow
direction. Cool water temperatures also followed the dominant direction flow closely.

•

The AWAC dominant flow was in a NNE-SSW direction, which is a shore-parallel flow at
this location. There is evidence of onshore movement as shown in the temperature rose
plots and also as corroborated by field observations. The AWAC rose plots did not show
cooler than normal temperatures occurring, which would indicate a possible upwelling
event.

•

Both the measurements in previous years and data collected from Jun 2014 up to
December 2014 have not shown strong evidence of possible upwelling events occurring.
This could be due to the slow current speeds in deeper water along with colder and denser
water not having enough energy to climb the steep slope of The Wall.
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Figure 1.10 Seabed temperature and direction rose plots for the AWAC, South ADCP, Quartermaster and the
North ADCP
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1.3 Summary of Observed Flow Regimes

From July to August 2014 there were three instruments in the vicinity of GTH recording current
speed and direction simultaneously. From this data, six flow regimes were identified offshore
GTH. They are summarised in Figure 1.11 and shown in Figure 1.12 to Figure 1.17 and can be
described as follows:
•

Flow to the North – during which the currents measured at all three ADCP’s in the
vicinity of the port were to the north. This pattern is indicative of a larger gyre from the
south-western tip of the island. This occurred 13% of the time during the 27-day
measurement period.

•

Flow to the South – during which the currents measured at all three ADCP’s in the
vicinity of the port were to the south. This pattern is indicative of a larger gyre from the
north-western tip of the island driving the flow patterns. This occurred 15% of the time.

•

Shear to the North – where the nearshore flows were to the north, while the offshore flow
was to the south, indicating the potential for formation of a counter-clockwise gyre that
could be capable of carrying a dredge plume offshore. This occurred 7% of the time.

•

Shear to the South - where the nearshore flows were to the south, while the offshore flow
was to the north, indicating the potential for formation of a clockwise gyre that could be
capable of carrying a dredge plume towards the shore. This occurred 13% of the time.

•

Divergent Flow – during which the currents appear to break in the area south of the port
and move simultaneously to the north and to the south. This occurred 24% of the time

•

Convergent Flow – during which the currents appear to converge in the vicinity south of
the port. This pattern is expected to produce an offshore flow in the area of convergence.
This occurred 9% of the time

Overall, these flow regimes occurred for 81% of the flow conditions during the measurement
period. It is believed the remaining 19% could be transitional flows from one regime to the next.
Divergent Flow

Flow to South

Flow to North

South Shear

Convergent Flow

North Shear
0

3

6

9

12

15

18

21

24

27

% Occurence
Measured

Figure 1.11 Bar chart showing percentage occurrence of each flow regime
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Flow to the north

Figure 1.13 Flow to the south

SMITH WARNER INTERNATIONAL LIMITED

M AY 2015

HYDRODYNAMICS AND DREDGE PLUME M ODELLING REPORT
C AYMAN ISLAND GOVERNMENT C RUISE BERTHING FACILITY

P A G E | 19

Figure 1.14 North shear flow

Figure 1.15 South shear flow
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Figure 1.16 Divergent flow

Figure 1.17 Convergent flow
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2 Nearshore Circulation Models
2.1 Overview of Modelling Approach

An overview of the modelling approach that was used is outlined as follows:
•

Data processing, including bathymetry data and measured current data;

•

Flexible mesh development, which included a number of different grid resolutions, along
with the development of boundary conditions;

•

Calibration and validation of the model so that it matches the measured data, providing a
good degree of confidence in the predictions; and

•

Simulating the impacts of dredging with regards to sedimentation rates, and also
investigating turbidity levels resulting from the proposed dredging operations.

2.2 Description of Hydrodynamic Models

MIKE 21 and MIKE 3 from the Danish Hydraulics Institute was the modelling software suite
used in this study. MIKE is the world’s leading modelling package for both 2D and 3D free
surface flow, waves, sediment/mud transport, morphology and environmental processes. It is a
modular system and for the study of dredge plume modelling the Hydrodynamic (HD),
Transport (TR) and Sediment Transport (ST) modules were used to simulate currents, turbidity
and sedimentation rates.
The Hydrodynamic (HD) modelling system is based on the numerical solution of the two/threedimensional incompressible Reynolds averaged Navier-Stokes equations. The model consists of
continuity, momentum, temperature, salinity and density equations. The Transport (TR) module
simulates the spreading and fate of dissolved or suspended substances in an aquatic environment
under the influence of the fluid transport and associated dispersion processes. The substance may
be of any kind, conservative or non-conservative, inorganic or organic. The Sediment Transport
(ST) module is used for the calculation of sediment transport capacity and related initial rates of
bed level changes for non-cohesive sediment (sand) due to currents or combined waves-currents.
A flexible mesh (FM) was used, which is based on an unstructured mesh and which uses a cellcentred finite volume solution technique. In the horizontal plane an unstructured triangular grid
is used while a structured mesh is used in the vertical domain. Due to the irregular grid and
variable resolution, the FM is well suited for modelling large complex areas that, at the same
time, require detailed resolution as in the case at GTH.
The model development included a number of iterations in order to obtain a calibrated model
that could be used to simulate the impacts of the proposed berthing options and dredging
impacts. A number of different model domains along with different boundary inputs were used
to try to match the current speeds and directions occurring at the instrument locations.
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2.2.1 Flexible Mesh Setup
Figure 2.1 shows the progression that occurred in the flexible mesh development over the
calibration period. The first setup (a) was a simple localized model with tides varying in time and
constant along the north and south boundaries (shown as orange lines).
The second iteration (b) encompassed Grand Cayman Island with “Flath er” boundary conditions
on the east and west of the island. A Flath er boundary condition allows the specification of both
the water level (tide) and current speed along a model boundary. Normally, model boundary
conditions use either tide or current speed.
The third iteration (c) included the north and south boundaries with Flath er conditions on a
much larger scale. This setup marked the beginning of the three-dimensional simulations.
The final iteration (d) reduced the spatial domain, but increased the grid resolution along the
western coast of the island and also at GTH. The grid resolution ranged from 3.1 miles (5km)
element sizes in deep water down to 131ft (40m) element sizes at GTH.

SMITH WARNER INTERNATIONAL LIMITED

M AY 2015

a)

b)

c)

d)

Figure 2.1 Initial model domain (a), 2nd iteration (b), 3rd iteration (c) and final iteration (d) with GTH detail inset
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2.2.2 Input Boundary Values
The calibration procedure includes the consideration of many input conditions ranging from
simple tidal boundaries with constant values across the boundary line to very complex boundary
conditions varying in time, along the boundary line and down through the water column. The
HYCOM Global Ocean model was used to provide boundary condition inputs. The HYCOM
model used for boundary input was the HYCOM + NCODA Gulf of Mexico 1/25ᵒ Analysis.
The coordinates of the four boundaries of the local model were used to extract sea surface heights
varying in time and along the boundary lines. Current vectors (Easting and Northing),
temperature and salinity values varying in time, along the boundary lines and through the water
column were also extracted to drive the model.
Figure 2.2 shows a snapshot in time of current and temperature variation from the HYCOM
model. The yellow rectangle represents the boundary of the local flexible mesh, which took the
input conditions from HYCOM. It is apparent from these model results that there is significant
horizontal variation in the currents surrounding Grand Cayman (represented within HYCOM as
the white hexagon), including shear zones, eddies and circulation vortices. As these zones of high
and low currents gradually shift and interact with Grand Cayman, the local current patterns will
be affected.
Figure 2.3 and Figure 2.4 show a series of snapshots of surface currents from the HYCOM model
over a two-week period during the data collection and model calibration period. There is
considerable variation in the current patterns over this time period. There appears to be strong
west to east flowing currents emanating from the north-west corner traveling southwards past
Grand Cayman and flowing to the south. Several days later, the pattern shifts and Grand Cayman
appears to split the currents, driving some northwards and others southwards around this island.
Towards the end of this period (Aug 21st) the stronger currents appear to come from the southwest and they force flow around the north coast of Grand Cayman. These horizontal current
variations will have a significant influence on the nearshore currents that are measured in GTH.
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Boundaries for
nested FM model

Grand
Cayman

Grand
Cayman

Figure 2.2 Plot of current (top) and temperature (middle and bottom) variation from HYCOM. Middle plot
shows surface temperature, bottom plot shows the vertical variation in temperature along 19.3oN
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July 28

Jul 30

Aug 3

Aug 5

Aug 7

Aug 9

Figure 2.3 Plot of surface currents in m/s from HYCOM for a two-week period
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Aug 11

Aug 13

Aug 15

Aug 17

Aug 19

Aug 21

Figure 2.4 Plot of surface currents in m/s from HYCOM for a two-week period

2.2.3 Model Calibration
Table 2-1 shows the calibration steps required to develop a model that is able to reasonably
represent the six flow regimes that were shown in the data collection section. The setup of the
final calibration is as follows:
•

The model was run in 3D with five sigma layers in the vertical. Sigma layers vary in
thickness depending on the water depth. Five equal sigma layers were selected so that each
layer represents 20% of the local depth at every point in the model domain.
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•

The time step was set up to be every 5 minutes.

•

The shallow water equations for both time integration and space discretization were run
in higher order mode.

•

Density was included as a function of temperature and salinity.

•

The Smagorinsky formulation was used for horizontal eddy viscosity with a constant value
of 0.28.

•

Constant eddy formulation was used for the vertical eddy viscosity with a value of
0.0215ft2/s (0.002m2/s).

•

Bed resistance was an important calibration and model stability parameter; a roughness
height of 1.15ft (0.35m) was found to produce the best results.

•

Coriolis varied in the domain.

•

No wind was applied on the model domain, however the inclusion of wind was explored
during the calibration process.

•

No wave radiation stress was applied.

•

HYCOM boundary conditions were applied on the north, south, east, and west model
boundaries and were varying in time and along the boundaries for water levels, and
through the water column for currents, temperature and salinity inputs.
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Table 2-1 Summary of model calibration approach
Calibration run
Setup

1

2

3
4
5

6

7

Simple North and South Boundaries with the
Global Tide Model developed by Denmark
Technical University, DTU Space (2D)
Expanded to model domain to include the Island
of Cayman and applied single point HYCOM tides
and currents to the east and west of the island.
(2D)

P A G E | 29

Comments
Currents were very low and would require an
unrealistic increase in tidal signals to try to
achieve measured currents

this did not improve the current speeds
this improved the current speeds, but current
Expanded model further, Applied varying HYCOM direciton was not good. This then led to
currents and tides along north, south, east and moving to a 3D model and to include density
driven currents
west boundary conditions. (2D)
Lower Order Run with Temperature and Salinity Captured the quartermaster results well, but
as density functions (3D)
was unable to represent the South ADCP
Higher Order Run with Temperature and Salinity Similar to above, decided to improve the
as density functions (3D)
mesh resolution
Better results at South ADCP, but
Higher Order Run with Temperature and Salinity Quartermaster RMSE increased. It was
as density functions with a more refined mesh suspected that the issue now lies with the
boundary inputs from HYCOM
(3D)
This improved the RMSE further at the South
Simulation date moved from July - August to ADCP. Calibration then stopped as it was
believed that the model can only give as good
October 2014 based on HYCOM boundary
a result as what the HYCOM gives.
inspection (3D)

Two simulation periods were used to calibrate and validate the model. The first period was July
to August 2014 when the Quartermaster and South ADCP were measuring. The second period
was in October 2014 when the South ADCP was measuring.
Figure 2.5 shows the easting and northing current component time series and box plot
comparison between measured and modelled at the Quartermaster location. The time series
comparison shows the measured and modelled current components, divided into eastings and
northings. The box plot provides a visual representation of the current statistics. The centre line
of the box represents the median current and the lower and upper box limits are the lower and
upper quartiles. The bars above and below the box represent the maximum and minimum values.
The box plots allow for a visual assessment of the statistical distribution of the current
components.
The time series shows that the model did match the measured data well from the start of the
simulation up to the 5th August at which time the model started to over-predict in both the
easting and northing speeds. The modelled easting’s median current seems to be biased to an
offshore movement based on the box plot. The model was also unable to capture the two peaks
over 50mm/s onshore currents that occurred. The northing box plot comparison is much better
and the modelled and measured median currents along with the first (bottom of the box) and
third (top of box) quartiles are also reasonably close. The model is also capable of capturing both
the peak speeds in the north and south direction. The Quartermaster measured significant
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diurnal northing current swings (around Aug 9th) that were not present in the HYCOM
conditions. The simple tidal height boundaries tested earlier were not sufficient to match these
observed current variations.
Figure 2.6 shows the measured and modelled comparisons at the South ADCP. In this case the
model produced both stronger offshore and onshore currents (eastings) with a bias to an onshore
direction. In the northing direction, the measured median current was close to neutral while the
modelled had a northward bias.
Figure 2.7 shows the October 2014 time series comparison of modelled and measured currents at
the South ADCP. The modelled easting’s currents predict larger onshore and offshore current
speeds than what were measured, however the box plot does show that the median currents of
both modelled and measured are quite similar. The northing modelled current speeds once again
show a bias to the north. The modelled northing also produced higher north and south current
speeds than what was measured as shown in the box plot.
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Figure 2.5 Time series and box plot comparison of Quartermaster measurements and MIKE modelled at the
QM location (Jul-Aug ’14)
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Figure 2.6 Time series and box plot comparison of South ADCP measurements and MIKE modelled at the
South ADCP location (Jul-Aug ’14)
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Figure 2.7 Time series and box plot comparison of South ADCP measurements and MIKE modelled at the
South ADCP location (October 2014)

As previously mentioned, measured data from the AWAC, Quartermaster and the South ADCP
indicated the occurrence of six primary flow regimes. Based on these flow regimes, modelled
currents were extracted over the 27-day period at the three locations where the instruments were
deployed to determine if the model produced similar flow regimes. The model produced all of
the observed regime flows and predicted these flow patterns for 62% of the time compared to
81% for the measured. The model appears to have over-predicted the occurrence of convergent
flow and under-predicted that for divergent flow. Similarly, the model over-predicts the
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occurrence of flow to the north, and under-predicts that for flow to the south. Finally, the model
under predicts the occurrence of shear flow conditions in both north and south directions as
shown in Figure 2.8.

Divergent Flow
Flow to South
Flow to North
South Shear
Convergent Flow
North Shear
0
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24

27

% Occurence
Modeled
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Figure 2.8 Bar chart comparing occurrence of measured and modelled flow regimes

2.2.4 Summary of Calibration and Validation Process
The calibration and validation of the model began with a simple and localised model set-up and
gradually changed to incorporate more complex model conditions and a larger modelling
domain. These changes progressed in a logical manner and were made in an attempt to improve
the match between measurements and model predictions. Based on the setup of the present
hydrodynamic model, it is believed that this model is now highly capable of representing the flow
regimes fairly accurately, if given the right boundary conditions. It is to be noted however, that at
this time the best available boundary conditions for hydrodynamic forcing is from the HYCOM
model. Unfortunately, there is no way of validating the input information that HYCOM is
providing at the boundaries for the local model. As the calibration results showed, there were
times when the model predictions and the measurements matched reasonably well and there were
also other times when they were not in sync. These differences could be due to accuracy variations
in the HYCOM flow field data. This level of uncertainty in the model predictions has been
recognised and has been included in the application and interpretation of the predicted impacts.
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3 Prediction of Potential Current and Dredging Impacts
3.1 Plume Dispersion Characteristics for Different Dredging Options

The assessment of potential impacts from the dredging operations is a critical aspect of the
project. The three semi-final options that have been considered will each require some level of
dredging, ranging from 20,000 to 552,000yd3. The nature of the material to be dredged is not
known precisely, however previous investigations in the vicinity of the port suggest that the
material will include both loose sand and consolidated or cemented calcarenite. The excavation of
this material will generate turbidity and suspended material.
Based on studies of dredging projects and relevant information available, an overall loss of 1-2%
of the dredge volume can be expected during the dredging process. However, only the fine
material (silt) will remain suspended long enough to be carried away from the dredge area by
currents and this represents a smaller fraction of the dredge volume. Sediment samples collected
in the vicinity of the port indicate an average silt content of 10%, with a range varying from 322%.
Two main methods of dredging have been investigated: backhoe dredging (BHD) and hydraulic
dredging using a cutter suction dredge (CSD). Based on the relatively small volume of material
to be removed and the concerns for safeguarding the nearby corals, it is more likely that a BHD
will be used, however this has not been confirmed. In addition, there remains some uncertainty
regarding the composition of the material to be dredged. For this reason, a range of dredge
durations and productivity rates has been assumed, including: a high-productivity scenario, which
produces a larger quantity of silt; and a low-productivity scenario, which results in less silt. The
low-productivity scenario could also be considered to represent a moderate or high productivity
operation in conjunction with the deployment of turbidity barriers.
In addition to the dredging operation, an analysis of the disposal options was carried out. There
are two main disposal options; onshore and offshore. Offshore disposal includes dumping the
material from a split-hull barge or pumping slurry through a submerged pipeline to an offshore
area.
For the different development options, and dredging and disposal operations, the nearshore
current model was used as the primary tool to assess the impacts. This was done through a series
of simulations and analyses of the model predictions.
The 3D model was used for all simulations as it gave the best validation results. This model
includes five vertical layers, which allowed for the simulation of different dredging and disposal
operations, which in turn results in different conditions throughout the water column.
An effective 90-day simulation period was used to assess and evaluate the impacts, as this was
considered to be a likely representative time for the completion of dredging for Option C using a
BHD method at an optimised rate of production. Longer dredging operations will likely be
characterised by lower productivity and loss rates and therefore this represents a likely worst-case
situation.
As discussed in the model validation section, the circulation model is able to simulate the various
different flow regimes that were observed, although some regimes were under-predicted and others
over-predicted. For this reason, assumptions regarding the loss rate and quantity of suspended
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material, time for material to settle, and others characteristic parameters have typically been
selected from the higher end of the range.
3.1.1 Backhoe Dredge (BHD) Option
The approach to modelling the BHD option was to assume three locations where the backhoe
would be carrying out dredging over a period of time at each (Figure 3.1). The three locations
chosen were: just north of the existing port, to simulate when the dredging is taking place on the
north side of the proposed dredge pocket; offshore the middle of the existing port area to
simulate when the BHD is dredging in the central dredge pocket area; and south of the existing
port, in the southern dredge pocket area. The simulation period was for 30 days of continuous
dredging at each of the locations. Results were combined from the three locations in order to
simulate an effective dredge period of 90 days. Two types of models were used for this
investigation, the transport model (TR) to represent turbidity and the sand transport model (ST)
to predict sedimentation rates. Two mass loss rates were also considered, one with a mass loss of
0.1 kg/s and the other 0.5 kg/s. For each mass loss simulation, plots were prepared showing the
maximum concentration of suspended sediment (in mg/L) achieved during the entire simulation.
A 24-hour rolling average was also considered, which depicts the 24-hour maximum envelope of
impact during the 90-day simulation.
Contours show four different zones of: below 1 mg/L (negligible impact); 1-10 mg/L (low
impact); 10-20 mg/L (moderate impact) and ≥20 mg/L (high impact). The model results were
further analysed to determine the percent exceedance (relative to time) of 20 mg/l. These analyses
show that much of the high impact (>20 mg/l) zone is only exposed to this level for a small
percentage of the simulation period. Plots showing the 5%, 50% and 95% exceedance were
prepared.
In addition to the turbidity modelling, the simulations examined the sedimentation rates
resulting from the dredge operations. These were done accomplished by simulating the settlement
of silt over the dredge period. The silt was assumed to have a grain size of 0.0635mm, a relative
density of 2.65 and the suspended and bed transport rates computed according to van Rijn’s
method. The total accumulated silt was then converted into a rate of sedimentation
(mg/cm2/day).
Plots of the modeling results are given in Figure 3.2 to Figure 3.9 in the following pages.
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30m (98.4ft)
contour line

Figure 3.1 Brown squares show assumed locations of mechanical dredging operations, black line shows 30m
depth contour, and magenta outline shows proposed Option C. Map axes show UTM coordinates in metres.

Figure 3.2 Maximum turbidity levels for a mass loss of 0.1 kg/s. Top Layer (left), Bottom Layer (right)
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Figure 3.3
(right)

24-hour maximum turbidity levels for a mass loss of 0.1 kg/s. Top Layer (left), Bottom Layer

Figure 3.4

Percent Exceedance plot for a mass loss of 0.1 kg/s. Top Layer (left), Bottom Layer (right)
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Figure 3.5 Sedimentation rate for a mass loss of 0.1 kg/s

Figure 3.6 Maximum turbidity levels for a mass loss of 0.5 kg/s. Top Layer (left), Bottom Layer (right)
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Figure 3.7 24-hour max turbidity levels for a mass loss of 0.5 kg/s. Top Layer (left), Bottom Layer (right)

Figure 3.8 Percent Exceedance plot for a mass loss of 0.5 kg/s. Top Layer (left), Bottom Layer (right)
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Figure 3.9 Sedimentation rate for a mass loss of 0.5 kg/s

3.1.2 Cutter Head Dredge (CSD)
Multiple cutterhead locations were simulated within the dredge footprint for the three options
under consideration, and over a 30-day period. Results from the three potential dredge locations
were combined to create an effective dredge simulation period of 90 days. Plots of maximum
suspended sediment (SS) concentration and percent exceedance values have been created. Starting
values of SS concentration at the cutterhead were inferred from a literature search for similar
dredging operations and varied from 200mg/L to 750mg/L. Figure 3.10 and Figure 3.11 show
concentration contours for a starting SS concentration of 300mg/L. The diagram on the left
shows the SS concentrations at the surface, while the diagram on the right shows concentration
levels at the sea bed (source).
The model predictions indicate that the SS concentrations fall to background (i.e. 1mg/L) a
distance of approximately 1.2 miles (2km) to the north of the port and 1.9 miles (3km) to the
south of the port, and 0.6 miles (1km) offshore the port. The results also show that the extent of
the plume for the seabed layer is larger for higher concentrations, while the plume extent for
lower concentrations was larger at the surface. An upper value of 20mg/L was selected for contour
mapping as this represents the commencement of mortality/morbidity for the most sensitive
coral species in GTH. This level of suspended sediment, or greater, is exceeded between 10-70% of
the time during the dredging operations only in the immediate vicinity of the dredge pocket and
at the seabed layer. Finally, the results show that higher sedimentation rates (≥ 20 mg/cm2/day)
occur extensively primarily within the dredge pocket, with some extension of these levels up to
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Soto Reef north of the port. These simulations do not include the containing effects of turbidity
barriers, which can be effective in containing sediment plumes in circumstances where current
velocities do not exceed 0.5m/s. Figure 3.12 shows percent exceedance for a cutter suction dredge
while Figure 3.13 shows sedimentation rates for a cutter suction dredge.

Figure 3.10 Maximum turbidity levels for a cutter suction dredge. Top Layer (left), Bottom Layer (right)

Figure 3.11
(right)

24-hour maximum turbidity levels for a cutter suction dredge. Top Layer (left), Bottom Layer
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Figure 3.12 Percent Exceedance plot for a cutter suction dredge. Top Layer (left), Bottom Layer (right)

Figure 3.13 Sedimentation rate for a cutter suction dredge
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3.2 Plume Dispersion Characteristics for Different Disposal Options

The offshore disposal of dredge material was simulated in two steps. The first step examined the
initial dilution of the dredge spoil, and the second examined the far-field transport and
dispersion of any spoil that remained in suspension. The initial dilution was modeled using one
of two near-field (initial dilution) models:
•

The CORMIX model to represent initial dilution from dredge disposal through a pipeline
(either floating or submerged) to deeper water.
• The STFATE model to represent initial dilution from a split hull hopper dumping
operation beyond The Wall.
The initial near-field models computed a cloud of disposed material with specific dimensions and
suspended sediment concentrations. Once the plume descent had stabilised and the plume had
lost its initial momentum, at which point initial mixing was complete, far-field transport,
dispersion and dilution was modelled by MIKE 3 (3-dimensional model).
In addition to the offshore disposal, overflow from an onshore disposal site was evaluated. In
this scenario, suspended sediment overflow from two different containment operations was
examined.
Available borehole information was examined and grain size distribution from samples suggested
very low silt content (<3%) except in two, which were found to have silt contents of 17 and 21%.
These results indicate that the dredge material could be categorized by two representative material
types (Average and Silty), which can be classified in size ranges according to the categories shown
in Table 3-1.
Table 3-1 Classification of dredge materials

Class

Size (mm)

Fall Velocity (m/s)

Cobbles/Chunk
s

>2

Sand

>0.062

Coarse silt

>0.016

Fine silt

>0.004

Clay

<0.004

Composition %
Min

Max

Average

Silty

0.91

4

49

20

5

0.03

43

97

70

70

2

21

5

10

5

10

0

5

0.003
0.0006

For the pipeline disposal, it was assumed that the concentration of solid material in the slurry is
either 150 kg/m3 or 300 kg/m3 (6% or 12% solids). This would require a flow velocity of at least
5m/s in the pipeline. As the chunks and sand would be expected to settle quite rapidly, these can
be deducted from the calculation of the initial suspended sediment concentration. Thus, the
suspended sediment concentration is anticipated to be 15 kg/m3 (15 g/l) for the “Average” and
37.5 kg/m3 (37.5 g/l) for the “Silty”.
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For the hopper/scow disposal a 4,850 yd3 (3,700m3) barge was assumed to dump the material over
a period of 30 seconds. During the barge filling operations no overflow has been assumed,
therefore the dredge barge will be filled with the dredge slurry that will settle and separate before
it is dumped. The high slurry (12%) would result in 580 yd3 (444m3) of solid material and the
low slurry (6%) 290 yd3 (222m3). This would equate to dumping events occurring effectively at
hourly (or less) intervals during the disposal operation.

3.2.1 Pipeline Discharge
CORMIX includes a module to simulate the disposal of dredge spoil. The “Average” and “Silty”
materials were modeled along with variations in the distance offshore and the ambient currents.
The dredge spoil exits the pipeline at 33ft (10m) below the surface. It enters the water as a jet and
entrains the surrounding water as it descends. During this initial stage, the “Cobble/Chunks”
portion falls to the seabed, leaving only the sand and silt. The jet typically descends 230–330ft
(70-100m) beyond the end of the pipe, depending on its orientation, speed, etc. At this point, the
jet has entrained sufficient surrounding waters that it becomes neutrally buoyant and its
downward motion stops; the jet is transformed into a plume, which exhibits a different behavior.
At this point the sand has also separated from the plume, settling to the bottom leaving only the
silt and clay in the plume, allowing it to rise slightly when the lateral currents are weak. The
plume width ranges in size between 33-66ft (10-20m) in diameter and the concentration has
diluted from its initial value 150-200 times. Beyond this stage the motion of the plume is
governed by the ambient currents and it spreads through the process of diffusion.
Table 3-2 outlines the results of this initial pipeline discharge modeling. For this analysis, a low
(50mm/s or 0.1kts) and high (400mm/s or 0.8kts) current scenario were considered, based on
measurements of surface currents. Only one discharge point has been used as the interaction of
the initial plume occurs in the top 660ft (200m) of the water column and is therefore the same
for all three discharge sites.
Table 3-2 Results of initial pipeline discharge modeling

Slurry (6% solids)

Average

Current
Max Depth in ft (m)
Terminal Depth in ft (m)
Dilution

Low
-472 (-144)
-380 (-116)
143

Slurry (12% solids)

Average

Current
Max Depth in ft (m)
Terminal Depth in ft (m)
Dilution

Low
-554 (-169)
-453 (-138)
235
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Silty
High
-269 (-82)
-269 (-82)
177

Low
-489 (-149)
-400 (-122)
161

High
-282 (-86)
-282 (-86)
195

Silty
High
-338 (-103)
-338 (-103)
223

Low
-577 (-176)
-469 (-143)
266

High
-358 (-109)
-358 (-109)
292
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These initial results indicate that considerable dilution is achieved during the initial jet
entrainment (150-300 times) and that the high currents result in higher dilution, but the lower
currents result in the plume forming in deeper water. Although the dilution is considerable, the
starting concentration of 15 or 37 g/l is quite high, resulting in concentrations within the plume
of 50-250 mg/l.
Pipeline discharge plots were prepared (Figure 3.14 and Figure 3.15) using the output from the
CORMIX initial dilution as the starting point. The results are simulated over a 30-day period and
indicate a relatively small zone of influence surrounding the pipeline discharge point. Vertical
dispersion is quite limited, as turbidity values exceeding 20 mg/l only occur within the discharge
layer. The plume of elevated turbidity levels does not reach the shoreline for this disposal option.
It must be recognized that this analysis excludes the heavier chunks and sand-sized particles
which would settle to the bottom quite rapidly therefore having very little time to interact with
the ambient currents.
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Figure 3.14 Maximum turbidity (Left) and 24-hour maximum for a pipeline discharge, discharge layer

Figure 3.15 Percent Exceedance plot for a pipeline discharge, discharge layer
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3.2.2 Hopper Discharge
The model STFATE was used to investigate hopper discharge. Simulations were conducted using
the two characteristic “Average” and “Silty” materials and also looking at different ambient
conditions including Low and High current speeds. The results indicate that the main mass of
material descends through the water column to a depth of over 1000ft (328m) before it becomes
neutrally buoyant. In shallower water, the dredge spoil material will hit the bottom with
downward speed, creating a larger cloud of suspended material. The three discharge locations
under consideration [0.6, 1.2 and 1.8 miles (1, 2 and 3 km) from shore] all exceed the water depth
where the material would encounter the bottom during its convective descent.
The dumped material undergoes convective descent reaching the neutrally buoyant depth in
approximately 4 minutes. At this point, the plume has a diameter of 425-560ft (130-170m). The
concentration of fine material has been diluted 2500 times at this depth. The cobble/chunks
settle onto the seabed almost immediately, whereas the sand will require several (4-5) hours to
deposit. Fine silt material has such a slow fall velocity that it will require days to reach the seabed.
Figure 3.16 shows the accumulated material on the seabed after four hours following a single
disposal operation. The results indicate that the cobble/chunks form a higher mound, and the
sand forms a lower, but larger mound. Note the units are imperial (ft) and that the deposition is
predicted to be 0.021ft (7cm) high; and less than 1 cm for the sand for each load. The second
plot (Figure 3.17) simulates low currents and predicts that the chunks and sand deposit in the
same area. The deposition thickness is higher as there is less spreading while the material is
deposited on the seabed.

Figure 3.16
scenario

Seabed accumulation from hopper discharge for cobble/chunks and sand in a high currents
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Figure 3.17 Seabed accumulation from hopper discharge for cobble/chunks and sand in a low currents scenario

Hopper dispersion and dilution plots using the MIKE 3 model are shown below for a discharge
point 1km offshore considering the silt and clay material (Figure 3.18 to Figure 3.20). The plots
show the extent of plume at the point of discharge (surface layer) and at the seabed. The results
indicate that the plume of elevated turbidity levels extends through the water column, and ends
up having a smaller “foot print” than the pipeline discharge. The difference in the initial
dilution mechanism changes the way that the plume interacts with the ambient currents. In the
case of the hopper discharge, the surface currents appear to transport the plume onshore where it
mixes vertically and appears at the bottom. This is in contrast with the pipeline plume, which
appears to be trapped within the subsurface layers and does not reach the shoreline. Simulations
for hopper discharge have been conducted for locations 0.6, 1.2 and 1.8 miles (1, 2, and 3 km)
from the shoreline (Figure 3.21 to Figure 3.26). The impact on the shoreline is lessened for the
hopper discharge location 1.8 miles (3 km) from the shore.

SMITH WARNER INTERNATIONAL LIMITED

M AY 2015

HYDRODYNAMICS AND DREDGE PLUME M ODELLING REPORT
C AYMAN ISLAND GOVERNMENT C RUISE BERTHING FACILITY

P A G E | 50

Figure 3.18 Maximum turbidity plot for a hopper discharge at 0.6 mile (1 km). Top Layer (left), Bottom
Layer (right)

Figure 3.19 24-hour maximum turbidity plot for a hopper discharge at 0.6 mile (1 km). Top Layer (left),
Bottom Layer (right)
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Figure 3.20 Percent exceedance plot for a hopper discharge at 0.6 mile (1 km). Top Layer (left), Bottom Layer
(right)

Figure 3.21 Maximum turbidity plot for a hopper discharge at 1.2 miles (2 km). Top Layer (left), Bottom
Layer (right)
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Figure 3.22 24- hour maximum turbidity plot for a hopper discharge at 1.2 miles (2 km). Top Layer (left),
Bottom Layer (right)

Figure 3.23 Percent exceedance plot for a hopper discharge at 1.2 miles (2 km). Top Layer (left), Bottom Layer
(right)
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Figure 3.24 Maximum turbidity plot for a hopper discharge at 1.8 miles (3 km). Top Layer (left), Bottom
Layer (right)

Figure 3.25 24-hour maximum turbidity plot for a hopper discharge at 1.8 miles (3 km). Top Layer (left),
Bottom Layer (right)
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Figure 3.26 Percent exceedance plot for hopper discharge at 1.8 miles (3 km). Top Layer (left), Bottom Layer
(right)

3.2.3 Excess Water Discharge from Land Reclamation Area
As noted earlier, the land reclamation area will be filled with dredged materials. Assuming a
mechanical dredging operation (BHD), it is anticipated that the materials will be transferred from
the dredged area to the land reclamation area by barge, where they will be removed and placed
using conventional equipment. With this approach, the dredged material will be primarily solids,
with only a small volume of water.
If a hydraulic dredging operation is used (CSD), it is anticipated that the dredged materials will
be pumped, as a slurry, into the land reclamation area via a floating pipeline. Depending on the
nature of materials being dredged, the slurry may be 5-25% solids, with the remainder being sea
water. The coarse grained materials will settle out very quickly, while the finer grained materials
(silt and clay size) will stay in suspension longer. The limited size of the land reclamation area
limits the “retention time” to allow settlement of fines; hence, the excess water, which must be
discharged to the sea, will include suspended sediments. Possible mitigation methods to reduce
the suspended sediment concentration in the discharge may include the following:
•
•

Construct containment dike/bund to higher elevation to increase storage capacity of land
reclamation area (upon completion of land reclamation works, the dike/bund would be
lowered to the final grade required for the project);
Use internal dikes/bunds to increase the “travel distance” and “retention time”;

SMITH WARNER INTERNATIONAL LIMITED

M AY 2015

HYDRODYNAMICS AND DREDGE PLUME M ODELLING REPORT
C AYMAN ISLAND GOVERNMENT C RUISE BERTHING FACILITY

•

P A G E | 55

Use hydrocyclones or other technology to remove sediment from the water prior to
discharge.

Considering this information, two different scenarios were examined for the excess water
discharge from the land reclamation area. The first scenario assumed a higher concentration of
suspended sediment in the overflow (200 mg/L); this may represent the case without the
mitigation measures described above. The second scenario assumed a lower concentration of
suspended sediment in the overflow (50 mg/L); this may be representative of the improvement
possible through one or more of the mitigation measures described above. The model simulation
results are shown in Figure 3.27 to Figure 3.29.

Figure 3.27 Maximum turbidity plot for overflow discharge at land reclamation. High concentration (left),
Low Concentration (right)
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Figure 3.28 24-hour maximum turbidity plot for overflow discharge at land reclamation. High concentration
(left), Low Concentration (right)

Figure 3.29 Percent exceedance plot for overflow discharge at land reclamation. High concentration (left), Low
Concentration (right)
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3.3 Hydrodynamic Impact of Option C

This section investigates the predicted changes in the current speeds and directions that would
result from the implementation of Option C and when cruise ships will be at berth.
The inclusion of the dredge pockets and land reclamation was done in the model by adjusting the
depths in the affected area of the model domain. Ships at berth were also simulated by adjusting
the water depths where the ship would be moored (Figure 3.30). In both cases current patterns
were simulated for a 10-day period and comparisons between the current patterns and maximum
currents were evaluated. The representation of the cruise ships over-estimates their impact as
currents would actually be able to flow underneath, especially at the stern where the water depths
are greater. In addition, the comparisons assume that the cruise ships are moored at berth for the
entire simulation period. Therefore, these simulations represent a maximum possible impact and
should be interpreted with this in mind.
In the first comparison plots the maximum currents were derived over the simulation period.
These are shown in Figure 3.31. The results suggest that the impacts are limited to the immediate
area of the proposed works. Currents are reduced directly in front of the reclaimed land, but
appear very similar elsewhere. In order to quantify these impacts in a more detailed manner, five
locations were selected to compare the impacts in the vicinity of the port (Figure 3.32 to Figure
3.36). In addition, two locations, one far to the north and the other far to the south, were used
to confirm the distance by which the flow would be expected to be unaffected by the proposed
work (Figure 3.37 and Figure 3.38).
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North GTH

Soto Reef
North
Mid
South
Eden Rock

South GTH

Figure 3.30 Red squares show current comparison locations between existing, Option C, and with ships at
berth. Blue lines show proposed Option C
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30m (98.4ft)
contour line

Figure 3.31 Comparison of maximum currents for existing (left), Option C (centre), and with ships at berth (right)
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North of GTH

North GTH

Soto Reef
North
Mid
South
Eden Rock

South GTH

Figure 3.32 Rose plots comparison of modelled currents for existing conditions (left), Option C (centre) and
with ships at berth (right) for North of GTH
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Soto Reef

North GTH

Soto Reef
North
Mid
South
Eden Rock

South GTH

Figure 3.33 Rose plots comparison of modelled currents for existing conditions (left), Option C (centre) and
with ships at berth (right) at Soto Reef
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North GTH

Soto Reef
North
Mid
South
Eden Rock

South GTH

Figure 3.34 Rose plots comparison of modelled currents for existing conditions (left), Option C (centre) and
with ships at berth (right) in North Dredge pocket
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Mid Dredge Pocket

North GTH

Soto Reef
North
Mid
South
Eden Rock

South GTH

Figure 3.35 Rose plots comparison of modelled currents for existing conditions (left), Option C (centre) and
with ships at berth (right) at Mid dredge pocket

SMITH WARNER INTERNATIONAL LIMITED

M AY 2015

HYDRODYNAMICS AND DREDGE PLUME M ODELLING REPORT
C AYMAN ISLAND GOVERNMENT C RUISE BERTHING FACILITY
South Dredge Pocket

P A G E | 64

North GTH

Soto Reef
North
Mid
South
Eden Rock

South GTH

Figure 3.36 Rose plots comparison of modelled currents for existing conditions (left), Option C (centre) and
with ships at berth (right) in South dredge pocket
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Eden Rock

North GTH

Soto Reef
North
Mid
South
Eden Rock

South GTH

Figure 3.37 Rose plots comparison of modelled currents for existing conditions (left), Option C (centre) and
with ships at berth (right) at Eden Rock
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South GTH

North GTH

Soto Reef
North
Mid
South
Eden Rock

South GTH

Figure 3.38 Rose plots comparison of modelled currents for existing conditions (left), Option C (centre) and
with ships at berth (right) for South GTH
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The results show:
•

For the two far-field locations, one at 0.75 mile (1.2 km) to the north of GTH and the
other at 0.6 mile (1.0 km) to the south of GTH, the proposed CBF dredging and landfill
will have negligible impact on the ambient current patterns. With the ships at berth,
there are only very minor impacts on the current patterns.

•

At Soto’s Reef, the percent calms increases from 12% to 16% with the construction of the
Cruise Ship facility; however there are only minor changes to the current patterns. When
there are ships at berth, the percent calms increases to 30% and there are significant
impacts to the current speeds and directions.

•

In the North Dredge Pocket, the percentage calm is decreased from 26.6% to 19%. In
addition, currents to the NE are reduced as are currents to the south. Currents to the SW
are similarly increased. With the ship at berth currents are reduced with the cruise ships at
berth.

•

In the Mid Dredge Pocket, currents in all directions are significantly reduced and the
percent calm is increased form 15.6% to 51.6%. This area essentially becomes a relatively
stagnant zone.

•

In the South Dredge Pocket, currents in almost all directions are reduced and the percent
calm increases from 25% to 43%. Currents to the south increase at this location.

•

At Eden Rock the current patterns between existing and post-construction are very similar,
indicating that the proposed works will have minimal post-construction impacts at this
location. Changes include a reduction in current occurrences to the SW, coupled with an
increase in current occurrences to the south. When a cruise ship is at berth, there are
significant changes to the current patterns and speeds at this location.

3.4 Climate Change Impacts

The Climate Change Assessment suggests that Mean Sea Level (MSL) will increase by 0.85-2.7ft
(0.26-0.82m) by 2100. The predicted increase in MSL will increase water depths in the vicinity of
GTH and this may affect the nearshore current patterns, which were found to be influenced by
tides and the nearby oceanic circulation. The nearshore hydrodynamic model was used to assess
the changes to the current patterns resulting only from an increase in MSL. As the climate change
impacts on oceanic circulation patterns are poorly understood, attempts to model these factors
were not made. Figure 3.39 compares the maximum current speeds for Option C at present water
levels and assuming a MSL increase of 2.7ft (0.82m). The results indicate a slight increase in the
maximum current speeds, however, the overall effect is limited to the immediate surroundings of
the CBF and is considered to be quite small.
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Figure 3.39 Comparison of maximum currents for Option C using MSL (left), and MSL+2.7ft (0.82m) (right)

3.5 Summary of Current and Dredge Plume Impacts
The MIKE21 hydrodynamic (HD) model, validated against site specific current measurements,
was used to assess project-related impacts on nearshore current patterns. In addition, the HD
model has been used in conjunction with the MIKE21 Transport (TR) and Sediment Transport
(ST) models to determine the severity and extent of elevated turbidity and sedimentation levels
in George Town Harbour due to dredging, land reclamation and disposal operations. Various
aspects of the dredging operation have been investigated, including:
•

The use of both backhoe and cutter suction dredges to remove material;

•

Offshore disposal through a pipeline;

•

Offshore disposal using a split hull hopper barge;

•

Placement of dredged fill materials within a containment berm surrounding the land
reclamation area, with overflow of excess water back into the sea;

•

The impacts on nearshore current patterns resulting from the post-construction
shoreline and seabed configurations.
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This impact assessment has revealed the following findings:
•

For turbidity impacts, these were categorized as low, medium and high impacts and
correspond to suspended sediment concentrations of <10 mg/L, 10-20 mg/L and >20
mg/L.

•

For sedimentation rates, low, medium and high impacts correspond to <10 mg/cm2/d,
10-20 gm/cm2/d and >20 mg/cm2/d.

•

The BHD operation simulated two mass-loss rates of 0.1 and 0.5 kg/s, corresponding to
low-productivity and high-productivity scenarios. The deployment of turbidity barriers
was not simulated, but the low-productivity rate would be representative of the
deployment of turbidity barriers for a high-productivity scenario.

•

The BHD high-productivity operation generates a maximum plume of high impact that
extends 3,280ft (1000m) north and 4,590ft (1400m) south of the dredge operations. The
plume reaches the shoreline and extends seaward 1,640ft (500m).

•

The BHD high-productivity operation generates a 24-hour maximum plume of high
impact that extends 1,640ft (500m) north and 1,310ft (400m) south of the dredge
operations. The plume reaches the shoreline and extends seaward 660ft (200m).

•

The BHD low-productivity (or deployed turbidity barrier) operation generates a
maximum plume of high impacts that extends 1,310ft (400m) north and 1,970ft (600m)
south of the dredge options. The plume also reaches the shoreline and extends seaward
660ft (200m).

•

The BHD low-productivity (or deployed turbidity barrier) operation generates a 24-hour
maximum plume of high impacts that extends to an approximately 490ft (150m) radius
of the dredge options. The plume also reaches slightly further at the seabed compared
to the surface.

•

A 50% exceedance plume, meaning that up to 50% of the time the concentration exceeds
the high impact level, was found to occur within approximately 330ft (100m) of the
dredge operation for the low-productivity operation. For the high-productivity
scenario, this plume reaches the shoreline and for the bottom layer it extends 980ft
(300m) offshore.

•

Sedimentation rates exceeding the high impact value were found to extend
approximately 980ft (300m) beyond the dredge site for the high-productivity scenario
and 660ft (200m) for the low-productivity scenario.

•

The cutter-suction dredge operation was found to produce a slightly smaller impact
zone than the low-productivity BHD for both the turbidity and sedimentation criteria.
The impact zone is also limited to the bottom layer for the cutter-suction dredge.

•

The offshore disposal operations examined pipeline and barge disposal. The initial
mixing was modeled using CORMIX for the pipeline and STFATE for the barge
disposal.
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•

The pipeline disposal results in a plume of suspended sediments, while the remainder of
the material, including sand and cobble/chunks, descends rapidly to the seabed.

•

The plume from the pipeline disposal descends below the surface where its downward
motion eventually stops. This depth ranges between -260 and -460ft (-80 and -140m)
from the surface. This offshore plume of elevated turbidity levels exceeds the high
impact value, but will be diluted under ambient current action. This plume measured
approximately 980ft (300m) in diameter. The lower limit of concern (1 mg/L) remained
offshore.

•

The hopper discharge was simulated using STFATE, which predicted a convective
descent of the dredge spoil to a depth of 980ft (300m), more than twice the depth of the
pipeline disposal. The concentration within this plume is lower, however because it is
spread throughout the water column, when disposed 3,300ft (1 km) from the shoreline,
portions of the plume (at the minimum impact level) reach the shoreline.

•

The hopper discharge will result in very small changes to the seabed elevation (1-7cm)
for each load that is dumped.

•

When disposed 1.25 miles (2 km) from the shoreline, the minimum impact zone also
reaches the shoreline.

•

Using the 1.8 miles (3 km) discharge point for the hopper dredge, the minimum impact
zone only makes minimal contact with the shoreline.

•

Overflow discharge from the land reclamation was simulated using high and low
concentration scenarios. Results for the maximum concentration suggest a highly
impacted area extending 980ft (300m) to the north and 660ft (200m) to the south for the
high concentration overflow discharge. For the 24-hour maximum concentration, the
area of high impact is quite similar to the maximum concentration. The low
concentration overflow creates a smaller highly impacted zone with a radius extending
approximately 330ft (100m) from the discharge point.

•

The assessment of impacts on ambient currents in the vicinity of the port has revealed
that approximately 3,300ft (1 km) north and south of the port the effects of the proposed
CBF will not be felt. Further, at Eden Rock, little or no change in current patterns is
observed. The primary impact on the ambient current patterns is observed in the mid
and south dredge pockets, where current velocities and frequencies of occurrence are
significantly reduced. In the north dredge pocket, the currents to the NE are reduced
and those to the SW are increased. At Soto’s Reef, the major change predicted is a
reduction in the SSE currents and an increase in the South currents.

•

The assessment of impacts on ambient currents in the vicinity of the port has revealed
that when cruise ships will be at berth, current speeds will be reduced. At comparison
points approximately 3,300ft (1 km) north and south of the port the effects of the
proposed CBF will not be felt. At Eden Rock, the presence of the cruise ship reduces
current speeds and alters their direction, while significantly increasing the percentage of
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time experiencing calms (<1 cm/s). Within the dredge pocket, currents are reduced
significantly. At Soto’s Reef, the major change predicted is a reduction in the overall
currents and an increase in the south-west currents.
•

Climate change impacts were assessed using the nearshore hydrodynamic model taking
into consideration a rise in mean sea level of 2.7ft (0.82m). Results indicate a small
increase in localized maximum current speeds in the vicinity of the CBF.

The impacts listed above have been related to the various potential impacts identified in the
ToR. Impacts were grouped in terms of their occurrence in the construction or operational
phase. In addition, an assessment of the type of impact, duration and permanence has been
undertaken, with the results summarized in the table on the following page. Detailed
numerical modelling has been undertaken for most of the impacts identified in the ToR,
whereas others have been estimated.
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Temporary

Permanent

Long-Term

Med-Term

Short-Term

Cumulative











Impact of reclamation discharges on water clarity in GTH (effect on
water sports businesses, aesthetic views)













Impact of dredge material disposal on water clarity (marine related
businesses)

































Negative



Positive

Direct

Impact of dredging on water clarity in GTH (effect on water sports
businesses, aesthetic views)

SUMMARY OF IMPACTS

Indirect

Modelled

Secondary
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Construction Phase




Impact of large construction vessels on current flow patterns
Potential for pollution from construction equipment to be
transported to adjacent areas



Impact of construction related equipment on current patterns during
general construction





Operational Phase
Potential for polluting discharges from vessels: bilge pumping;
propeller wash; refueling and storage; spillage





Impact of structures on current patterns





Impacts from extreme weather events and climate change
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