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1 Background Information and Data Collection 

1.1 Introduction 
A program of field data collection was carried out offshore George Town on the western 
coastline of Grand Cayman. The primary objective of the program was to assess and quantify 
baseline wave and sediment transport characteristics along this shoreline, in order to evaluate 
changes to these parameters that might result from the proposed development. Of particular 
importance to all stakeholders of the Cayman Islands was the potential for negative impacts 
to the famed Seven Mile Beach, which might result from the proposed cruise berthing facility 
(CBF). Of secondary importance were: (a) the potential for infilling of the proposed dredged 
basin, a consequence which might require frequent dredging and therefore disruptions to the 
normal day-to-day activities in the harbour; and (b) the potential for increased risk resulting 
from wave climate changes within the harbour area and/or from flooding during storms 
along this section of the Grand Cayman shoreline. In overview, the investigations, 
interpretations and analyses carried out for the quantification of waves and sediment 
transport, and the assessment of project impacts, were in accordance with the specific Terms 
of Reference for this section of the Environmental Statement (ES). These ToR’s are included 
as Appendix O to this submission.  

1.2 Data Collection Programme 
In order to develop a thorough understanding of the coastal processes that govern the area, 
bathymetry, waves, currents, water quality, sediment sampling and probing were carried out 
over the Seven Mile Beach and George Town Harbour areas. Details on instrument 
deployment, locations/durations and a summary of the results and interpretation are 
presented throughout the Environmental Statement, in each relevant section.  

1.2.1 Data Collection: Schedule 
The overall schedule for the data collection is given in Table 1-1. The longest running 
component was the collection of oceanographic data, which extended to April 2015. 
Table 1-1   Coastal process and oceanographic data collection schedule 
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1.2.2 Data Collection: Bathymetry 
Bathymetric data was collected offshore George Town Harbour and this data was merged with 
existing bathymetry for the area.  The resulting bathymetry is shown in Figure 1.1a and Figure 
1.1b below, for the overall area and for the GTH port area. Data files giving x, y , z 
bathymetric points have been supplied to the DoE under separate cover. 
 

 
Figure 1.1a   Bathymetry of the West Coast of Grand Cayman 
 

 
Figure 1.2b   Bathymetry of George Town Harbour and Environs 
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1.2.3 Data Collection: Nearshore and Offshore Wave Measurements 
In addition to bathymetric data, other input boundary conditions are required to support the 
coastal process modelling. These include tidal variations, current and wave conditions. While 
the use of boundary input values from global ocean wave and tide models provide the 
necessary values to run coastal process models, it is very important that some level of model 
validation or calibration is undertaken. Local measurements (and occasionally observations) of 
tides, currents and wave conditions provide an effective means of validating the numerical 
models. Once the numerical models have been validated, then their output will have a 
significantly greater reliability.  

The wave data collected under this project included a number of Nor’Wester (swell) events 
that were used in the validation process. The model predictions (validation) for these events 
were very good, giving confidence in the impact prediction results.  It is also noted that small, 
non-swell wave events were captured during the wave collection and these were under-predicted 
by the model. Minimal or no sediment transport and sedimentation occurs however, under 
these low energy waves, so the model validation and its subsequent use were geared primarily 
to the simulation of swell events and the movement of sediment under these waves.   

This section looks at the collected wave measurements.  The purpose of the wave data 
collection program was determined specifically to: 

• Facilitate an understanding of the seasonal wave conditions (summer, winter) in the 
nearshore of the project site; 

• Permit use of the measured data to validate/calibrate the wave models and hence aid 
in the computation of sediment transport resulting from the seasonal wave conditions; 

• Determine if there are any impacts on the sediment transport patterns that could 
affect Seven Mile Beach (SMB) when implementing the proposed option. 

The instruments used in the data collection program were RDI Instruments Acoustic Doppler 
Current Profilers (ADCP). An ADCP operates using acoustic signals, and determines the 
current speed and direction by detecting the Doppler shift of reflected acoustic signals, which 
bounce off particles moving through the water column. Using multiple acoustic “pings”, it is 
possible to divide the water column into distinct layers and to simultaneously determine the 
speed and direction of the water movement within each layer as shown in Figure 1.2 below.  
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Figure 1.2   Operation of ADCP showing recording bins 

 

To improve the reliability of the numerical models and gain a greater understanding of the 
coastal processes, three instruments were deployed in the nearshore of the study area: (1) 
Offshore of SMB (North ADCP), (2) offshore of the GTH (South ADCP); and (3) south of 
GT (AWAC). At each location, the instrument was mounted on the seabed in an aluminium 
frame similar to that shown in Figure 1.3 below. A fourth instrument (Quartermaster) was 
deployed in deeper water (260m), however that instrument was used primarily to investigate 
deep water current patterns and upwelling trends, rather than for wave measurement purposes.  

 

 
Figure 1.3   ADCP mounted on aluminium frame 
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Wave measurements thus far span from June 2014 to April 2015 for the North and South 
ADCP’s. The instruments have collected day-to-day measurements of wave conditions 
including both summer (June to September 2014) and winter seasons (October 2014 to April 
2015). The monitoring program ended in April 2015. Table 1-2 outlines the schedule of 
instrument recovery and deployments from the start of the data collection program to its 
completion in April 2015 and Figure 1.4 shows the location of the instruments. 

Table 1-2   Instrument recovery and deployments from start of data collection program 

Instrument Deployment 
No. 

Deployment Period Deployment Location Deployment 
Depth (m) 

AWAC 1 9 June – 21 August 2014 19.2881 N, -81.39218 E 20 

South ADCP 

1 10 June – 22 July 2014 

19.2975 N, -81.38626 E 10 

2 24 July – 14 September 2014 

3 14 October – 5 November 2014 

4 12 November -30 December 2014 

5 31 December 2014 – 24 April 2015 

North 
ADCP 

1 10 June – 22 July 2014 

19.3445 N, -81.39142 E 15 
2 5 August – 9 September 2014 
3 4 October – 11 November 2014 
4 12 November -30 December 214 
5 31 December 2014 – 24 April 2015 

 

 
Figure 1.4   Deployment locations for 2014 – 2015 data collection period 
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Figure 1.5 to Figure 1.7 represent the time series of wave heights (m), peak period (s) and 
mean wave direction (dg) measured at the locations of the three instruments and for the 
deployment period up to April 2015. Each burst represents a specific deployment period. 
Between June and September (summer), wave heights are all typically under 0.4m (with the 
exception of two events). In October to December (winter), a number of swell events were 
captured, with the largest having a maximum HS of 1.4m. Between January and April 2015, 
approximately four swell events were captured, with wave heights HS varying from 0.6m to 
1.4m.   

The measurements show a clear seasonal fluctuation in wave height. During the initial 
(summer) phase of measurements, there was no evidence of NNW swells being captured by the 
instruments and waves predominantly came from the SW sector in the nearshore of the 
project site. In the last quarter of 2014, particularly in November and December, some swell 
activity was captured and significant wave heights of up to 1.4m were recorded.   

Figure 1.8 shows the directional distribution of the measured wave conditions during the 
summer and winter periods. The results indicate that: 

• During the summer, waves mostly come from the southwest directional sector at the 
AWAC and north ADCP while the south ADCP depicts lower waves coming from 
various directional sectors; 

• During the winter, larger waves come from the northwest at the south ADCP while the 
north ADCP depicts waves coming from the northwest as well as larger swells coming 
from the southwest. 

 

Summary of Findings 
Representation of the collected wave data in the form of wave roses reveals a very distinct 
seasonality to the wave climate. From June to September, the majority of the wave energy 
comes from the SW quadrant.  Between November and December, the majority of the wave 
energy is from the NW quadrant. Overall results however indicate that while a general trend 
can be depicted during the summer and winter periods, the wave directional distribution 
remains quite complex in the nearshore of the project site. 
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Figure 1.5   Measured wave heights, peak periods and directions at AWAC (South GT) 
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Figure 1.6   Measured wave heights, peak periods and directions at South ADCP (7mb) 
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Figure 1.7   Measured wave heights, peak periods and directions at North ADCP (7mb) 
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Figure 1.8 Directional distributions of measured waves during Summer (left) and Winter (right) seasons 
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1.2.4 Data Collection: Tides 

Program and Equipment Overview 
The purpose of the data collection was primarily to assist in the calibration and validation of 
the hydrodynamic model. 

Tidal data was collected in tandem with the wave and current measurements at the AWAC 
(south of GTH), South ADCP (offshore the Port) and North ADCP (offshore Seven Mile 
Beach) instruments as shown in Figure 1.4.  This data collection spanned from June 2014 to 
early April 2015. 

Program Results 
Figures 1.10 to 1.12 show the measured tides recorded by the AWAC, South and North ADCP 
instruments. 

Figure 1.13 shows a comparison of the tidal signals measured at the three instruments over a 
44 day period.  The measured tides at the three locations are seen to be very similar in tidal 
range and phase.  The tidal signal reveals a typical mixed semi-diurnal tide, with two highs 
and two lows each day.  This signal causes the occurrence of Spring and Neap tides, with the 
Spring tides having a higher range than the Neap tides. The tide signal changes from Spring 
to Neap roughly every two weeks. 

The measurements also indicate a similar maximum tidal range (from all instruments) of 
approximately 0.4m (1.31ft) over the entire recording period.  The range of water levels that 
were recorded for the instruments are shown in Table 1-3. 

 

Table 1-3   Maximum and Minimum Tidal Values 

 Highest High Tide (m) (ft) 
during period of 
measurement 

Lowest Low tide (m) (ft) 
during period of 
measurement 

AWAC 0.252 (0.827) -0.295 (-0.968) 

South ADCP 0.438 (1.44) -0.344 (-1.13) 

North ADCP 0.427 (1.40) -0.367 (-1.20) 

 

Between August 2014 and October 2014 it is observed that the mean water level (MWL) along 
the western coast of Cayman rose by approximately 0.4m (1.31ft) during this period at both 
the South and North ADCP instruments.  This change in the mean water level may likely 
have been due to the passing of a low-pressure system, or a sea-level anomaly associated with 
an oceanic gyre pattern.  Barometric pressure records do indicate a drop in atmospheric 
pressure within that time period, however the duration of that drop was only for 4-5 days 
between August 23 and 28th, 2014, as shown below in Figure 1.9.  It is also to be noted that 
observations of water level in the northern Caribbean indicate the presence of a thermal 
expansion factor that was found to peak in October and add between 0.1 – 0.2m to the MWL.  
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Figure 1.9   Meteorological Parameters During August 2014 
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Figure 1.10   Tidal signal at the AWAC 

 
Figure 1.11   Tidal signal at the South ADCP 
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Figure 1.12   Tidal signal at the North ADCP 

 
Figure 1.13   Tidal signal comparison at the AWAC, South and North ADCP’s 
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Summary and Conclusions 
Measured tides have been collected at the South of GTH (AWAC), at GTH (South ADCP) and 
North of GTH (7MB) for the period of June 2014 to April 2015.  The tidal data shows that 
along the western coast of Grand Cayman, the tidal range and phases are very similar.  The 
tidal range on average is 0.4m (1.31ft).  In addition, an increase in mean water level was 
observed in September 2014, having a maximum of 0.4m.  This phenomenon is potentially 
significant, as it occurred in the height of the hurricane season and could add to storm surge 
impacts.  

 

2 Background Coastal Process Modelling 
Baseline coastal zone modelling is required to gain an understanding of the coastal processes 
acting along the Cayman shoreline. Waves, currents and sediments all interact to affect 
shoreline morphology, such as erosion or accretion. Defining the existing shoreline and 
seabed conditions is required to provide the necessary baseline information that will be used 
to evaluate the proposed facilities at GTH and its potential impact on Seven Mile Beach. Of 
importance are the potential changes in sedimentation patterns and sediment transport that 
could occur as a result of the proposed facilities. Sediment transport patterns could be 
affected in the nearshore of the project site and therefore a baseline understanding of 
nearshore wave patterns that govern sediment transport is first required. 

This section of the report describes the baseline coastal zone modelling that was undertaken, 
including an assessment of the wave climate and sediment transport. 

2.1 Offshore Waves 
Waves reaching the shoreline are often categorized into operational and extreme conditions.  
Operational waves are the ones occurring all day, every day, and several years of data can be 
analysed to evaluate their statistical distribution.  

The operational wave climate refers to the day-to-day distribution of wave heights, periods and 
directions. These wave conditions contribute to sediment movement within the beach system 
and are responsible for long-term morphological changes. For coastal engineering design, 
operational wave conditions are typically used to determine the most appropriate design 
solution in terms of types and layout of the structures. 

The operational wave climate at the project site is characterized by (a) day-to-day seas and (b) 
seasonal winter swells (December to May). The day-to-day sea conditions are created by the 
north-east Trade Winds. The west coast of Cayman is exposed to the component of those 
waves that refract and diffract around the tips of the Island to then reach the project site. The 
swells, however, are generated by north Atlantic cold fronts and these waves approach from 
the north to north-west sector. As such, the island of Cayman is also exposed to these longer 
period and more aggressive wave conditions on a seasonal basis. Both of these conditions have 
a profound impact on the shoreline. 

Wave conditions that may be suitable for numerical modelling are available from global ocean 
wave models. Several such global models exist and are generally maintained, operated and 
archived by government entities such as the National Oceanic and Atmospheric 
Administration (NOAA), the United States (US) Navy, the United Kingdom Meteorological 
Office(UKMO), and some specialist private sector firms that service the offshore oil industry.  

The deep water wave models are usually applied on spatial scales (grid increments) larger than 
10km and outside the surf zone. As a result, the models are not at a sufficiently detailed scale 
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to provide accurate nearshore wave data for islands as small as Cayman. The nearshore wave 
climate for this project was therefore developed using the output from an offshore wave 
hindcast undertaken by Baird and which is included as Appendix A. 

The model archived wave parameters included wave height, period and direction as well as the 
wind speed and direction. Model output was provided every three hours covering the period 
from 1980 to 2014.  

Figure 2.1 shows the directional wave height distribution that was used to provide boundary 
information to the model. The majority of the waves are shown as coming from the southeast 
sector, with some fractions of the highest waves coming from the north to northwest sectors. 
The boundary that was used for the model is shown in yellow and represents deep water 
conditions.  

 
Figure 2.1   Deep water wave parameter input from 1986 to 2014 (Baird Source) 

Location of deep water input 
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2.2 Nearshore Wave Modelling 
Wave modelling was carried out using the output from Baird’s wave model, covering a 34 year 
period from 1980 to 2014. This time series of integrated spectral wave parameters was 
extracted for a node located west of Cayman and input to the deep water boundary of the 
MIKE 21 spectral wave (SW) model. 

MIKE 21 is a professional engineering software package for the simulation of flows, waves, 
sediments and ecology in rivers, lakes, estuaries, bays, coastal areas and seas. The spectral wave 
(SW) module computes the transformation of wind waves as they grow, propagate and break 
in the nearshore zone. 

MIKE 21 relies on a flexible computational mesh (Figure 2.2) to compute the waves and 
hydrodynamics. The flexible mesh is ideal for nearshore wave computations as it facilitates the 
modelling of large complex areas that, at the same time, require detailed resolution of smaller 
features. The mesh describes the spatial relationship between all the computation points, and 
is principally governed by the water depth. Wave effects are computed using the Conservation 
of Wave Action. The main source of wave energy is from the wind, and the primary wave 
energy sinks include dissipation through wave breaking, white-capping, and bottom friction. 
How the wave energy moves is highly dependent on the direction of travel and the water 
depth contours it encounters on its path to the shoreline or out of the model domain. 

These various fundament laws of conservation (mass, momentum, and wave action) can be 
written as differential equations, which must then solved using complex numerical methods 
over the entire computation mesh. A full description of the numerical model capabilities is 
presented in Appendix B.  
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Figure 2.2   MIKE 21 flexible mesh used to compute the annual wave climate in the nearshore of the 
project site 

 

2.3 Preliminary Model Results 
The MIKE 21 spectral wave model (SW) was run in a semi-stationary mode, with time varying 
inputs of deep water wave parameters from Baird’s Global wave model, applied to the 
boundaries of the model domain. The time-series wave boundary conditions included the 
integrated spectral parameters Hs, Tp and mean direction. The corresponding wind speed and 
direction were applied over the entire model domain. Tidal amplitude variations, which 
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generally vary less than 0.4m, and tidal currents, were not included in the simulation. The 
MIKE 21 output time series were computed and extracted in the nearshore zone of the project 
site. 

Figure 2.3 shows the directional wave height distribution of deep water input wave conditions 
computed and extracted along nine nodes in the nearshore of the project site. Note that as 
shown previously the dominant deep water input wave direction appears to be from the south-
south-east, although the NNW swells, while being significantly less frequent, contain fairly 
large wave heights.  

 

 

 
Figure 2.3   Resulting nearshore wave climate from 1980 to 2014 at the location of 9 nearshore nodes 

 

 

2.4 Model Validation 
Validation of MIKE 21-SW involved a comparison of short-term nearshore wave 
measurements with the model nearshore simulations. The principal purpose of the model 
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validation was to assess the general accuracy of the wave modelling results, in order to evaluate 
the reliability of the long-term wave database and to increase confidence in scenario 
predictions.  

The measured wave data presented in the previous section was used to assess the 
appropriateness of the global wave model results. This “head-to-head” comparison was used to 
validate the global wave model and hence the model that was created to encompass the island 
of Grand Cayman. Once validated, the model was then used to accurately simulate several 
years of nearshore wave data. These baseline nearshore wave conditions are an important 
aspect in understanding the natural sediment movement patterns along the shoreline, and in 
quantifying the changes in patterns that could occur as a result of the proposed dredging and 
reclamation works.  

The procedures used in the comparison of measured to predicted waves are summarised 
following.  

2.4.1 Summer Season 

Step 1- Comparison of measurements vs model predictions  
Time series comparisons of the measured wave heights and peak periods (shown in blue) and 
model predicted wave heights and peak periods (shown in red) from the deep water wave 
input (green) are shown in Figure 2.4 for both the north and south ADCP instruments. In 
addition, comparisons of mean wave directions are also presented in a Wave Rose format. 

The comparisons reveal that, in general for this season, the modelled nearshore wave heights 
under-predict the measured values. At the north ADCP, the measured wave heights are 
generally similar to the modelled values. However, the south ADCP instrument is very 
sheltered from the south-south-east waves and the time series comparison shows that the 
modelled wave heights are significantly lower than the measured values.  

The comparison of the wave directional distribution is presented in Figure 2.5. The two left-
most wave roses are the deep water input boundary values for the nearshore wave 
transformation, while the right-hand-side roses show the measured wave heights during the 
June-July monitoring period.  

The offshore wave conditions have a significant N-S bias, with essentially no waves coming 
from the west and with a dominant wave direction which appears to be from the south-south-
east. It should also be noted that the NNW swells, while less frequent, contain fairly large 
wave heights. The results indicate that: 

• At the north instrument the modelled and measured data appear to have similar 
directional distribution; however, the modelled wave heights are somewhat lower than 
those measured; 

• The south instrument is very sheltered from the SSE waves, and the modelled wave 
heights are significantly lower than the measured values; 

 
The differences observed could be due to the fact that: 

• The wind forcing included in the simulation comes from the global wave modelled 
off-shore wind speed and direction instead of from a locally generated wind field; 

• The model was initially being driven using integrated wave parameters at the boundary 
(i.e. Hm0, Tp, Peak direction), instead of fully spectral input; 

• The low-energy wave components in the spectrum at the model boundary (specifically 
from the west) seem to be “masked” by the more dominant energy from the south 
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resulting in the grouping of all of the wave energy into a single wave direction (from 
south), but in reality there may be secondary components, which can more readily 
propagate to shore; 

• The refraction around the SW corner of Cayman tends to "filter" out the shorter 
period waves i.e. the waves that reach the measurement location would be much longer 
period than have been recorded.  
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Figure 2.4    Time series comparison of nearshore model predicted and instrument measured wave heights 
(m) and Peak period(s) at the location of instrument measurements 
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Figure 2.2    Wave rose comparison of instrument measured (ADCP) and model predicted (MIKE 21) 
over the first period of measurements (June, July 2014) 
 

Step 2- Comparison of Halcrow measurements and model predictions 
Previous wave measurements done by Halcrow Inc. described in a Data Acquisition report 
(Atlantic Star Limited, Cruise Pier Development, Grand Cayman, August 2008) were also 
made available for the study and compared to the results obtained by MIKE 21. Figure 2.6 
shows the locations of Halcrow and DOE measurements.  Figure 2.7 gives the wave height (in 
feet) and peak period (seconds) comparison between the Halcrow wave measurements and the 
MIKE 21 predicted values at the location of GT1 and GT2 shown in Figure 2.6. The 
comparison indicates, in general, an excellent correlation between measured and modelled 
wave height and period time series. However, it confirmed that for lower wave heights (less 
than 0.5m), the model under-predicts the measured values. For the larger waves in the series, 
(i.e. 0.6m to 1.8m), the model matches the measured values very well.  
 

 
Figure 2.3    Location of Halcrow and DOE Wave Measurements 
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Figure 2.4    Time series comparison of MIKE 21 predicted and instrument measured wave heights and 
period for Halcrow data 
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Step 3- Modification of numerical model setup and input wave parameters 
Efforts to improve the comparison between measured and modelled values for the summer 
conditions were made by altering the model boundary inputs, adjusting the detail in the 
flexible element mesh, including or excluding the influence of wind, varying the spreading 
coefficient, including sea and swell parameters and expanding the overall grid to include the 
entire island of Grand Cayman. Figure 2.8 shows the progress in the flexible mesh 
development over the calibration period of summer measurements.  

As shown in Figure 2.9, none of these methods were able to substantially improve the 
comparison between the modelled and measured wave heights and the nearshore locations. It 
must be remembered, however, that the database of measured and modelled wave heights 
obtained for the summer period included only small waves (<0.2m) that do not contribute 
significantly to either wave induced flooding of the shoreline or to sediment transport in 
GTH.  
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Figure 2.5   Initial model domain (a), 2nd iteration (b), 3rd iteration (c) and final iteration (d) 

a) b) c) 

d) 

Various Integrated wave 
Parameters colour 
coded per Hindcast 
points 
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Figure 2.6    Time series comparison of MIKE 21 predicted and Halcrow measured wave heights by adjusting 
mesh size and boundary input 

 

2.4.2 Winter Season 

Following the inability to provide a generally acceptable comparison between model-predicted 
waves and measurements carried out in the summer, it was recommended that the measurement 
period be extended to April 2015 so as to be better able to incorporate winter swell events. It was 
believed that this would permit a better calibration/validation of the nearshore wave climate 
through the capturing of larger swell waves. 

The methodology employed for this comparison was similar to the summer season. However, 
spectral information was directly input along the four boundaries of the model domain instead 
of using only integrated wave parameters. 

Figure 2.10 to Figure 2.12 indicate that the comparison between instrument measured (shown as 
cyan) and model predicted (shown as blue) resulted in an improvement in the correlation for the 
winter swells at both the North and South instrument. The comparison also showed that the use 
of spectral input significantly improved the wave period and direction correlations. The summer 
waves, however, were still found to not match very well despite making these adjustments.  
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To address this issue, a scaling process was used. The procedure involved estimating a linear 
scaling factor that minimized the difference between modelled and measured wave height values. 
For each of the three locations, the measured and modelled values are compared to a third value 
(shown as red), which corresponds to the scaled results.  

The scaling was subsequently applied to the entire wave database, and the model was then used to 
create a reliable annual database of day-to-day wave conditions (using year 2014) in the nearshore 
of Cayman.  

The validated wave heights were then used in the final sediment transport model to analyse the 
impacts and changes in sedimentation patterns in the vicinity of the Georgetown Harbour area as 
well as to calculate the annual infilling rates in the dredge pockets with the existing conditions 
and proposed options (included the final recommended option) in place. 
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Figure 2.7   Time series comparison of measured, modelled and scaled wave heights  
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Figure 2.8   Time series comparison of measured, modelled and scaled wave heights  
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Figure 2.9   Time series comparison of measured, modelled and scaled wave heights at the location of the 
North, South ADCP and AWAC 
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3 Background Sediment Information  
Literature review of the sediment transport system along the west coast of Cayman suggests that it 
is fed by two main sediment pathways that move sediment westwards along the north and south 
coasts, as shown in Figure 3.1.  Because of the narrow island shelf and the presence of deep water 
close to the shore, it is likely that a significant proportion of the sediment moving along these 
pathways gets lost to deep water.   

 

 
Figure 3.1   Directions of macro-scale sediment movement 
 

Along the southern coast, Roberts (1983) undertook field investigations of shelf transport using 
side-scan and sub-bottom geophysical equipment and postulated that sediment transport occurred 
according to Figure 3.2, which shows transport within sandy areas and between reefs following 
the spur and groove formations. 
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Figure 3.2   Sediment Pathways 

 

Between the shallow shelf terrace and the deep reef, thick belts of sand derived from the reefs 
have accumulated, as shown in Figure 3.3.   

 
Figure 3.3   Typical cross-section of Grand Cayman shelf (after Roberts and Sneider) 

 

Most of the sand that is transported westwards along the south coast falls off the narrow shelf 
into deep water. Once sediment is transported to the west off the shelf and into deep water, this 
material is lost to the coastal zone as there is no mechanism for it to return to the nearshore.  
Some of the sediment that is being transported westward will also be diverted northwards in the 
direction of the port by southwest waves, or by the more frequent SSE waves that diffract around 
this southern headland. 

At the northern end of the island a somewhat similar sediment pathway exists. Seymour (2000) 
described the main sediment transport pathway feeding Seven Mile Beach, which makes its way 
around North West Point and transports sand southwards and “is terminated by the broad and 
deep canyon that forms the entrance to George Town Harbour”. Seymour (2000) also observed 
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that sediment grain size characteristics along the west coast vary from north to south in a way 
that confirms this as the dominant sediment transport pathway.  

Clarke (1988) postulated that very little sediment was transported to Seven Mile Beach, due to the 
absence of available sediment at North West Point, and suggested that the beach is a valuable 
non-renewable resource with finite limits.  Clark (1988) also reviewed air photography from 1946 
to 1985 and observed a relatively slow shoreline retreat over that time period (of the order of 1-2 
feet per year).  However it should be noted that this estimate was based on the interpretation of 
six aerial images over a 40 year period, and so is likely to have been subject to limitations in 
interpretation.    

Geotechnical investigations undertaken in the vicinity of the port in 1995 and 2001 revealed that 
sediment deposits in this area are quite deep, supporting the idea that this is an area of sediment 
deposition and/or sediment production. Borehole information from Ardaman (2001) revealed 
information at Boreholes 4, 5, and 6 (Figure 3.4), which are located directly offshore of the 
present quay wall in water depths of 7m, indicating sandy deposits ranging from 1-6m in 
thickness.  These boreholes appear to have been located in the vicinity of the nearshore reef 
structure.   

 

  
Figure 3.4   Location of boreholes 
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Fugro (1997) conducted investigations further offshore in water depths between 14-18m, and 
found sand thicknesses between 8 and 12m. Table 3-1 outlines the sand thickness values obtained 
from the previous geotechnical investigations.   

 
Table 3-1   Borehole Parameters 

Borehole Water depth (m) Sand thickness (m) Comment 

Fugro 1 12.2 14.6 Offshore, away from reef 
Fugro 2 17.4 10.0 Offshore, away from reef 
Fugro 4 15.9 9.5 Offshore, away from reef 
Ardaman SB4 7.9 1.0 In reef spur area 
Ardaman SB5 7.9 6.0 In reef groove area 
Ardaman SB6 7.3 1.5 In reef spur area 
 

The basic sediment transport system acting on the west coast of Grand Cayman is understood to 
be dominated by alongshore transport along the north and south coasts.  Along the north coast, 
the pathway bends around North West Point and brings sediment into Seven Mile Beach, 
through the action of NW swells.   

The following Google Earth image (Figure 3.5) is taken from November 23, 2005 and shows the 
west coast of Grand Cayman under the influence of a NW swell event.  The wave crests are clearly 
visible coming from the NW direction as is the nearshore breaking, particularly towards the 
southern end of Seven Mile Beach. It is these wave conditions that would tend to drive sediment 
onshore and towards the south. The WW3 hindcast wave database suggests that the wave 
conditions at the time of the imagery were from 344 degrees, with a wave height of 1.7m and a 
period of 6.3s, which appears to be typical of a NW swell event. 
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Figure 3.5   NW swell event (a) 

 

Just north of the port, there appears to be an area of significant wave refraction or angle change 
that is being caused by the reef structure at this location (Figure 3.6). The suspended sediment 
that can be observed during this swell event suggests that there is some limited movement of sand 
around the headland at the southern end of Seven Mile Beach. 

 

Wave breaking 

Wave crests 
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Figure 3.6   NW swell event (b) 

 

4 Coastal Process Modelling of Sediment Transport 

4.1 Long Term 1D sediment transport regime at George Town Harbour 
Waves commonly approach the coastline at an angle, driving currents that have the potential to 
transport sediment in an alongshore or cross-shore direction. On most coastlines, waves reach the 
beach from different quadrants, producing day-to-day and seasonal fluctuations in transport 
magnitude and direction. To design coastal works that are in harmony with the forces of nature, 
and that do not cause significant down drift impacts, it is necessary to have a thorough 
understanding of the sediment transport regime at the site. This section describes the beach 
morphology and sediment transport characteristics along George Town Harbour (GTH) and 
Seven Mile Beach (SMB) and provides insights into the littoral system at the project site. 

The site investigations suggest that the shoreline along SMB is very stable and protected by 
extensive nearshore reef features. The deeper seabed features in front of the GTH, mainly consist 
of; spur and groove, mixed patch reefs, hard substrate and sand, also indicate a very stable 
environment that is not prone to erosion. The results presented in this section therefore give an 
indication of the potential sediment movement taking the benthic features and sediment grain 
size analysis into consideration. 

The LITDRIFT module from the LITPACK suite developed by DHI was used as a tool to 
investigate the annual gross sediment transport movement in the nearshore of the George Town 
Harbour. This analysis examines only the potential for sediment movement, further the input 
profile is assumed to remain constant throughout the simulation, there are no morphological 

Wave crests 

Suspended sediment 
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changes or response of the beach to wave conditions. Despite these limitations, LITDIFT provides 
a valuable insight into the long term potential for gross sediment movement. 

The following points describe the different model input requirements: 

• Cro ss-sh o re  p ro f ile  and  bath ym etry : Using the bathymetric and beach profile data, one 
profile line extending from about +3m above mean sea level (MSL) to a water depth of 
15m were created along the central section of GTH. The profile was oriented 
perpendicular to the shoreline and water depth contours along the project site. 

• Wave Clim ate : The operational wave climate at the nearshore node was extracted from the 
previously set up MIKE 21 Spectral Wave model and included 34 years of wave Hindcast. 
The extracted time-series of Significant Wave Height (m), Peak Wave Period (s), and Mean 
Wave Direction (degree) was used as input to the model to compute the sediment 
transport rates at the project site. 

• Sed im en t Pro p ertie s: Sediment characteristics for the erodible sections of the profile were 
obtained from the sediment samples taken at the project site. The sediment properties will 
be further described in the data collection section. For each cross-section, the sediment 
characteristics of the closest sample to the profile location (i.e., fall velocity, geometrical 
spreading, bottom roughness, and several grain diameters - D16, D50, D60, D84 and D90) were 
used as representative values for that profile.  

Using these input conditions, LITDRIFT was run over the 34 year period. The computed annual 
Gross Transport indicated was an average of approximately 2,100 m3/year in the nearshore of 
GTH. The gross sediment transport was also calculated for each of the 34 years and is plotted in 
Figure 4.1 below. Results indicate that 50% of the time the annual gross transport exceeds 1,500 
m3/year, while including the two extreme years (1998 and 2006) the average gross transport is 
2,100 m3/yr. Therefore two representative years were chosen to cover the range of expected 
transport over the 34 year period. The year 2011 to 2012 represented a good average occurring 
50% of the time, while the year 2005 to 2006 represented the most extreme year over the 34 year 
period. Both of those years were consequently chosen to run the MIKE 21 sediment transport 
model to predict the impacts on deposition patterns in the vicinity of the GTH area and to 
establish infilling rates resulting from the implementation of options. 
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Figure 4.1   Annual gross sediment transport at GTH calculated for each year individually over the 34 year 
period 

 

4.2 Long Term 2D sediment transport regime at George Town Harbour 
The dynamics of the beach and its response to wave conditions were modelled using MIKE 21. 
The sediment transport computations incorporate three main modules that function together in a 
coupled mode; results from one module are passed back and forth to the other modules in order 
to improve the efficiency and accuracy of the predictions. The Spectral Wave (SW) module 
computes the wave conditions throughout the model domain; the Hydrodynamic (HD) module 
computes the water levels and current speeds, and is coupled with the SW module so that wave-
induced currents are included. Water levels and currents affecting waves are also passed back to 
the SW module to improve the accuracy of the wave conditions. The Sediment Transport (ST) 
module uses the results of the SW and HD modules to compute alongshore and cross-shore 
sediment transport rates. Finally, the model modifies the seabed depths based on the computed 
sediment transport rates and this modified seabed is used in subsequent time steps to compute 
the wave conditions and current patterns. 

4.2.1 Sediment Transport Patterns 
Computer modelling of sediment transport during the NW swell event of November 23, 2005 was 
undertaken and the results are presented in Figure 4.2. The results confirm a southward directed 
sediment transport direction throughout the Seven Mile Beach area, as suggested by the Google 
Earth imagery.  The wave height representation (figure on the left) shows larger wave heights 
occurring at the southern end of Seven Mile Beach, with the northern end remaining somewhat 
sheltered. The wave-induced currents (middle figure) are seen to travel southwards, and are 
maximized over the reef structures that occur at the southern end of Seven Mile Beach.  The 
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model predictions of sediment transport (figure on the right) suggest the existence of three main 
sediment pathways; offshore, nearshore and at the shoreline (swash zone). While the offshore 
pathway (approximately 1km offshore) is quite wide, the transport rate in this band is very low.  
The nearshore pathway (which occurs approximately 50-300m from shore) seems to be limited 
primarily to areas where sand deposits are known to occur.  The pathway at the shoreline (swash 
zone) is quite narrow, but generates considerable transport as the rates are up to 100 times larger 
than for the offshore pathway.  All transport for this particular event appears to be directed 
towards the south, which is expected given that it was a NW swell condition that was modelled.  
It should be noted however that the nearshore and shoreline pathways appear to end at the 
southern extent of Seven Mile Beach, while the offshore path continues in a southward direction. 
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Figure 4.2   Sediment transport patterns – wave heights, current patterns and total sediment load for the last time step of event simulation 
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Computer modelling results taken from the same wave event as described above show that 
conditions at the Port include greater wave heights than occur along Seven Mile Beach. In 
addition, there is noticeable wave reflection off the berthing face, leading to higher wave 
heights directly opposite the port.  The hydrodynamic simulations (Figure 4.3 to Figure 4.5) 
show that the wave-induced currents continue to flow south, although with weakening 
strength.  These currents interact with the north port structures with a resultant jet being 
directed in an offshore direction.  Finally the resulting sediment transport predictions indicate 
a difference from that observed at Seven Mile Beach, in that the outer pathway moves close to 
the shoreline, becoming a nearshore pathway with the potential to transport very limited 
amounts of sediment into the port area.  It is notable that the shoreline sediment transport 
pathway does not continue from the Seven Mile Beach area, indicating that the overall 
transport into the port area is at a significantly lower rate than occurs to the north.  At the 
port itself, the wave reflections off the vertical berthing face are seen to increase the wave 
heights locally.     

 
Figure 4.3   Sediment transport at GTH – Wave Heights 

 
Figure 4.4   Sediment transport at GTH – Currents  
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Figure 4.5   Sediment transport at GTH – Total Sediment Load 

 

4.3 Bed Level Change Computations 
Sediment transport investigations were carried out using MIKE 21 HD+SW+ST in a quasi-
steady mode of operation for the years 2005-2006, which was an extreme year from a sediment 
transport perspective and again for 2011-2012, which was a lower than average year. This 
operational mode of MIKE 21 facilitates improved computational efficiency by holding 
hydrodynamic conditions constant as long as wave conditions remain unchanged. The net 
result of its application is that one year of simulation time may be processed in 48 hours, as 
opposed to a conventional hydrodynamic approach, which would accomplish only three or 
four days of simulation within that same (48 hour) processing time. 

The SW module was run in a semi-stationary mode, with time-varying inputs of wave height, 
period and direction and wind speed and direction starting from September 2011 to 
September 2012 and from September 2005 to September 2006. That deep water operational 
wave climate was given by Baird and input to the MIKE 21 SW model. The data was available 
every three hours and covered both of the chosen years. 

Wave-induced currents, which arise as waves break and dissipate energy, were included in the 
hydrodynamic (HD) calculations.  Bed resistance was defined using a Manning coefficient, 
and the Smagorinsky formulation was used for eddy viscosity.  

Pre-calculated sediment transport tables were used to improve the model’s efficiency. These 
transport tables were calculated using the Stokes 1st order wave theory, which was found to be 
the best method to accurately reproduce the wave-induced near-bed velocities, both in the 
shoaling and the surf zones. A mean grain size diameter of 0.3mm and a grading coefficient 
of 1.1 were taken as constants for the sediment properties.  

Layer thicknesses varying from 0-2m were used in the locations assumed to contribute to the 
sediment transport, depending on the location of the node considered. Areas outside this had 
a sediment thickness of 0.0m, simulating either the existing reef and rocky shoreline features 
or an otherwise non-erodible substrate. Where sand was present, i.e. in areas where the layer 
thickness is greater than 0.0, a uniform grain size of 0.25mm was used. The increase in the 
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Nikuradse value of >0.1 for shallow water areas is due to the increase in friction effects from 
the hard bottom sea bed offshore Seven Mile Beach and along the west coast of Cayman. 
Diagrams showing assumed layer thickness and roughness values in the model domain are 
presented in Figure 4.6 and Figure 4.7 following. These maps were derived based on available 
aerial imagery and DOE GIS benthic mapping, as well as the results of the sand probing that 
was conducted in June 2014. Figure 4.6 also presents the results of the sand probing exercise, 
showing the location and sediment thickness values that were measured 

Detailed modelling of alongshore and cross-shore sediment transport was simulated for the 
Seven Mile Beach to George Town Harbour strip.  The model results indicate a zone of bed 
deposition along and close to the beach, with a band of weak erosion approximately 1km 
offshore.  Figure 4.8 below shows the bed level changes computed in the model over the one-
year simulation period. The shoreline appears to be a zone of accretion, and there are zones of 
minor erosion occurring further offshore.   

In order to obtain a larger scale picture of sediment transport patterns (predicted) between 
GTH and Seven Mile Beach, sediment transport rose diagrams were prepared. These are shown 
in Figure 4.9 and represent the annual drift direction and magnitude at five different 
locations in the nearshore region of GTH to Seven Mile Beach. The results are interesting and 
show that south of GTH, the net direction of sediment transport is to the south. For the 
majority of Seven Mile Beach, the net direction of transport appears to be to the north, 
excepting at the very northern section of this stretch of shoreline (by the west headland), 
where it appears to be to the east and south.  
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Figure 4.6   Layer thickness coefficients adopted at project site. (0=non erodible substrate, rocks, reef etc.; >0= Sand and other erodible substrate) 

 

 



WAVES AND SEDIMENT TRANSPORT REPORT  
CAYMAN ISLAND GOVERNMENT CRUISE BERTHING FACILITY   P A G E  | 41 
 
 

SMITH WARNER INTERNATIONAL LIMITED   MAY 2015 

 
Figure 4.7   Bottom friction adopted at the project site. Use of Nikuradse roughness, kN (default value is 0.04 m offshore of the project site, in the 
nearshore adopted value >0.1 
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Figure 4.8   Bed level changes over a one-year period (2011-2012) 
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Figure 4.9   Sediment transport roses along Seven Mile Beach for the year 2012 

 

4.4 Observations and Analysis from Google Earth Imagery 
Google Earth Imagery of Seven Mile Beach is available and presented in Figure 4.10 to Figure 
4.12.  The first image is from September 2004, right after Hurricane Ivan, and the others are from 
2005, 2007, 2008, 2009, 2013 and 2014.  From each of these, measured beach widths over the past 
decade have been extracted at the northern, central and southern sections of Seven Mile Beach. 
For each specific beach location considered, beach width data from a northern and a southern 



WAVES AND SEDIMENT TRANSPORT REPORT  
CAYMAN ISLAND GOVERNMENT CRUISE BERTHING FACILITY   P A G E  | 44 
 
 

SMITH WARNER INTERNATIONAL LIMITED   MAY 2015 

beach line are derived.  These values have been plotted against Time on the x-axis.  The results 
indicate that: 

• The northern part of Seven Mile Beach (between Agua Bay Club and Discovery Bay Club) 
is quite stable, with fluctuations around a 25-30m mean.   

• For the central part of the beach (between Casa Havana and Ritz Carlton) it took 
approximately three years for the beach width to be re-established after Hurricane Ivan, 
and it is not until 2007 that the beach width appears to stabilize at a mean of around 35-
42m.  

• In the southern part of the beach (Laguna Del Mar to Marriott Beach Resort) recovery 
following Hurricane Ivan took approximately 4-5 years, following which the beach appears 
to be experiencing a cycle of erosion/accretion. Essentially, beach widths in this area 
reached a low of 5m after Hurricane Ivan and increased to 30m by 2009. By 2014 
however, the width had reduced to 20m. It is recommended that these monitoring stations 
be continued.   

Unfortunately, outside of the post-Hurricane Ivan period, this series of beach width information 
is mostly from the November-March (winter) period, and as such does not reveal annual trends in 
beach response, nor patterns during the summer period.  The results do, however, reveal that 
natural fluctuations in beach width (excluding the data from 2004) of the order of 10-12m, have 
occurred in the past decade.   
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Figure 4.100   Google Earth beach width analyses 
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Figure 4.11   Google Earth beach width analyses 
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Figure 4.12   Google Earth beach width analyses 
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4.5 Beach Planform Mapping and Analysis (Lands & Surveys) 
An extensive database of beach planform maps was made available from the Lands and Surveys 
Department. This database included a time series of beach plans collected on a monthly basis 
from 2003 to 2014.  The plan shapes of Seven Mile Beach were measured using a GPS track that 
followed the +1 ft. contour.  A total of 54 beach plans were obtained.  An analysis of these plans 
was undertaken by dividing the shoreline of Seven Mile Beach into 258 30m-long segments. For 
each segment, the monthly beach position was extracted and analysed. The initial analysis 
consisted of quantifying the variations in measured position over the 11-year period, while the 
subsequent analysis sought to determine if a trend in beach position could be discerned.  Figure 
4.13 reveals the results of this analysis for two locations, one in the north and the other in the 
south.   

 
Figure 4.113   Beach planform mapping analysis 

 

Several analyses have been undertaken using this data set. The first looked at the measured 
variations in the shoreline position. This information reveals how stable the beach has been over 
the past decade. Where the values are low, the beach position has not changed much, and in areas 
where the values are high the beach position has changed significantly over the monitoring 
period. Figure 4.14 shows the variations in beach position along SMB.   
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Figure 4.14   Shoreline width fluctuations/accretion and erosion results 

 
The next level of analysis examined the beach position data to determine if a trend of erosion or 
accretion could be found. Linear regression analysis will fit a trend line to the variation in beach 
position through time, and coupled with a statistical test for significance, erosion and accretion 
trends can be identified. Figure 4.15 shows the variation in shoreline position over the 
monitoring period for a typical shoreline segment, which appears to show a trend of erosion. 
 

 
Figure 4.15   Example of an erosion profile 
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The results of the erosion and accretion analysis were summed and averaged over the entire SMB 
shoreline.  This revealed an overall trend of erosion at a slow rate of 0.08m/yr.   

A third level of analysis undertaken on the beach position data sought to determine if there was 
observed seasonality in the beach position. The date information was modified to represent a 
single year, and a polynomial curve was fit through the results. Figure 4.16 shows a typical 
shoreline segment, which exhibits a summer-wide seasonality along with a map showing the 
results of the analysis for the entire SMB database. 

 

 
Figure 4.16   Profile type that widens in the summer months 

 

Overall, the results suggest there are more summer-wide segments than winter-wide on SMB. The 
results also indicate that SMB is not a simple beach system that responds to the different summer 
and winter wave conditions in a uniform manner, nor does it respond as a unified system, but it 
appears to respond to the seasonal wave conditions in a localized manner. There is dominance in 
the southern portion of SMB that exhibits summer-wide characteristics, whereas in the northern 
portion, the summer-wide segments occur right next to winter-wide segments.  This may indicate 
that sand is moving alongshore north and south along the beach in smaller sub-cells within the 
overall SMB. However, it could also indicate that the beach is responding in a cross-shore manner 
with some areas responding in a similar manner due to similar nearshore seabed conditions. 
Figure 4.17 shows the seasonal trends along this stretch of shoreline. 
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Figure 4.17   Seasonal beach width trends along shoreline 

 

4.6 Beach Profile Analysis (Lands and Surveys) 
A series of beach profile measurements were also made available from Lands and Surveys. These 
consist of annual profiles commencing in 2007 as shown in Figure 4.18. A time series of the 
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beach widths at the 1 ft. contour elevation for Profiles 1, 6, and 10 were extracted to understand 
the natural fluctuation in beach width for these profiles. The measured beach widths from the 
profiles behave in a similar pattern to the data obtained from Google Earth, and confirm that the 
southern portion of Seven Mile Beach is subject to significant fluctuations in width, likely due to 
the fact that it is not as sheltered as the northern section.  

Although the profiles do not extend far into the water, they appear quite similar in shape, 
suggesting that alongshore rather than cross shore transport may be causing the observed changes 
in the shoreline position.   

 

 

 

 
Figure 4.128   Beach profiles 1, 6 and 10 for 2007 to date 

4.7 Beach Width Analysis at the Marriott Hotel 
Daily measurements of beach width were undertaken for several years (from 1998 to 2003, or 
before the occurrence of Hurricane Ivan - Figure 4.19) at the Marriott Hotel (south end of SMB) 
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and these were analysed in support of their application to install ReefBalls (Harris, 2003). The 
profiles revealed a trend of decreasing beach widths from year to year, and an interesting pattern 
of beach width fluctuations throughout the year. Within the year the minimum beach width 
occurs in September-October prior to the start of the winter swell season, and the beach width 
then increases starting in October up to a maximum in April/May. Although there is seen to be 
significant intra-annual variation, the overall trend clearly suggests that sediments are moving 
southwards during the winter swell period and are accumulating at this location, which is at the 
southern end of Seven Mile Beach. Conversely, the beach width is at a minimum in 
September/October, at the end of the summer period, indicating that this is when sediment is 
transported to the north along SMB. 

 

 
Figure 4.139   Beach width measurements 1998-2003 

 

An examination of the beach width data during the non-swell (i.e. summer) season, revealed that 
there appears to be an overall trend of steady erosion plus several instances of rapid erosion. In 
1998, the beach width eroded from 21m (70ft) to 12m (40ft) then to 3m (10ft) over the course of 
seven weeks. Similarly in 1999, the beach width eroded from 9m (30ft) to 0m in less than three 
weeks. The wave climate during the latter period has been extracted and the alongshore sediment 
transport rates computed, and are presented in Figure 4.20. 
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Figure 4.140   Sediment transport in front of hotel during the summer 

 

When examining these results, it must be remembered that this model is a simplified alongshore 
transport model that does not include profile adjustment, which would affect the accumulated 
sediment transport.  The results, however, clearly demonstrate that the summer period of beach 
erosion is dominated by waves coming from the south, and in particular the measured decrease in 
beach width in September 1999 (9m loss) appears to have been caused by two discrete storm 
events coming from the SSW. 

Another example is presented in Figure 4.21 and demonstrates the influence of winter swell 
events.  In this case, the swell period between November 2002 and January 2003, which saw a 
beach width increase of 18m (60ft), coincides with a period of swell waves from the NW and large 
corresponding (negative) accumulated alongshore sediment transport.    

 

 
Figure 4.21   Sediment transport in front of hotel during the winter 
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4.8 Summary of Sediment Transport Characteristics 
A number of methods and techniques have been utilised to define the characteristics of sediment 
transport along the west coast of Grand Cayman, both qualitatively and quantitatively. These 
have included: 

• 1-D and 2-D sediment transport modelling along this coastline; 

• Bed level change analysis; 

• Google Earth observations and analysis; 

• Beach planform data analysis (data from Lands & Surveys) 

• Beach profile analysis (Lands & Surveys data); and 

• Beach width analysis specific to the Marriott Hotel. 

The various data sources gave differing insights, but in summary the following can be said about 
the littoral system along this coastline: 

• The sand on Seven Mile Beach is likely brought there from the north shore of Grand 
Cayman.  It is not hastily renewed and should be treated as a precious resource. 

• Seven Mile Beach acts as a “closed” system most of the time, with sand moving to the 
north in the summer and to the south in the winter.  Some sand also appears to move in 
a cross-shore direction.   

• Three “bands” of sediment in movement have been identified. The first is on the 
shoreline itself, where most of the sand in this system moves; the second is a nearshore 
band that is approximately 50-100m from the shoreline; and the third is a wide band 
located about 1 km from shore, however sand movement in this third layer is of the order 
of 100 times less than on the shoreline. 

• The shoreline sediment pathway does not move or connect beyond the southern headland 
of Seven Mile Beach, and so does not have a direct pathway with GTH.  This is also true 
for the nearshore pathway. 

• The offshore pathway comes in close to shore in the vicinity of the port and it is this 
pathway that over time has fed the port area with sand deposits, albeit at a very low rate.  
The low rate of movement and deposition from this pathway explains why the port has 
not required dredging in some time. 

• During storms and energetic Nor’westers, suspended sediment may leak around the south 
headland (of SMB) into the area north of the port. The same does not appear to happen 
from the south, further confirming the fact that sediment processes at Seven Mile Beach 
are not fed from the port area.  
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5 Project Impacts  
Impacts of the project on waves (due to swells and hurricanes), storm surge and flooding, 
sediment transport and sedimentation rates were all assessed for the project options.  For all 
comparisons, the baseline (existing) case was simulated.  This was followed by simulations of: 
Option A, which represents the OBC layout, and with which this project started; Option B, 
which represented an environmentally least damaging option; and Option C, which was 
determined to be the preferred option relative to achieving a balance between the various 
evaluation criteria. The hurricane simulations considered only the baseline and the preferred 
alternative (Option C).  

  

5.1 Project Impact on Waves 

5.1.1 Impacts on NW and SW Swell Waves 
The impact of the proposed options on the wave climate from a NW swell event is shown in the 
following Figure 5.1. All options have some impact on the wave patterns, including the existing 
(baseline) condition. For example both the baseline and Option C show the presence of wave 
reflection from the quay wall. For the existing case, the reflected waves are directed to the west, 
extend approximately 200m from the quay wall face, and are between 1.25m and 1.5m I height.  
For Option C, the reflected waves are directed to the NW, extend approximately 150m from the 
quay wall face, and are between 1.0m and 1.25m in height. 

Option A and Option B also exhibit some wave reflection, although this is much less in aerial 
magnitude than for the existing or Option C cases. Option A appears to result in the most wave 
action within Hog Sty Bay, with Option C being next in this regard.  

Waves from the SW were also modelled, and the results are shown in Figure 5.2. These indicate 
that for the SW swell, Option B appears to result in the least change in wave patterns.  Both 
Option A and Option C provide the most shelter to the shoreline immediately north of the port.   
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Figure 5.1   NW Swell - Top left-Existing; Top right-Option A; Bottom left-Option B; Bottom right-Option C 
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Figure 5.2   SW Swell - Top left-Existing; Top right-Option A; Bottom left-Option B; Bottom right-Option C 
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5.1.2 Project Impact on Flooding Risk from Hurricane Waves 
The analysis of nearshore wave heights and storm surge can be conducted in two ways:  

(a) using a statistical analysis of deep water conditions and determining the resulting 
nearshore values; or 

(b) simulating individual storm tracks.  

An assessment of the impacts on nearshore water levels under hurricane conditions was made 
using MIKE 21 HD+SW. Working in a coupled mode, the model includes wave set-up, which is 
the localized increase in water level due to breaking waves. The flexible mesh that was developed 
for the current and wave impact assessments was utilized for this assessment. Boundary input 
wave conditions equivalent to the 50-year wave conditions, described in the Natural Hazard 
assessment, were used. The worst-case direction selected was 270 deg.  

The analysis included wave overtopping for both the existing (baseline) and proposed Option C. 
Overtopping rates were calculated for the existing port area, the Option C port configuration and 
the natural shoreline north and south of the port (primarily “ironshore”).  These overtopping 
rates were implemented within the model through the use of different linear hydraulic structures 
which transmit water based on the nearby wave and water level conditions. In this way the 
flooding conditions at the project site and surrounding George Town area resulting from the 1 in 
50-year wave conditions could be accurately assessed. Figure 5.3 below shows the maximum 
computed flooding levels for the existing (baseline) condition and for the proposed Option C. 

For the existing condition, flooding of up to 3m is observed at the port while values up to 3m 
and 3.8m are observed respectively to the north and south of the port. With the proposed Option 
C in place there is an increase in the flooding level up to 4.5m, however this increase appears to 
be limited to the area of the land reclamation and is not widespread. South and north of the 
port, the flood levels with the proposed Option C remain similar with maximum recorded at 
3.8m to the south and 3m to the north. Also for Option C, in the land space where the existing 
port now occupies, there is a slight reduction in flooding from a 2-D aerial perspective.  
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Figure 5.3   Storm surge heights for 50-year hurricane from 270 deg for existing (left) and Option C (right) 
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5.2 Project Impacts on Sediment Transport 

5.2.1 Model Validation 
The MIKE21 SW module was run in a semi-stationary mode, with time-varying inputs of wave 
height, period and direction and wind speed and direction starting from September 2011 to 
September 2012 for the lower than average year and from September 2005 to September 2006 for 
the extreme year. The deep water operational wave climate was given by Baird and input to the 
model. The input data was available every three hours and covered both of the chosen years. 

The sediment thickness, eddy viscosity and roughness parameters were used similarly to those 
explained in the background on hydrodynamics (Hydrodynamics and Dredge Plume Modelling 
Report). 

Infilling rates for existing conditions in the footprint area of the proposed dredged basin (i.e. for 
Option A) were computed using MIKE 21 HD+SW+ST and the results compared to measured 
values. The model results indicate an average deposition height in the referenced area of 0.025m 
(≈ 1”) for the one year period, 2006-2007. In addition, it showed localised high points of 
approximately 0.10-0.50m (0.5ft – 1.6ft) some 200m (≈ 650ft) offshore the main port berthing 
face, and 0.10-0.25m (0.5ft – 0.8ft) to the immediate north of GTH.   

A comparison of this infilling rate was made using the bathymetric surveys completed in 2006 
(Lands and Surveys) and in 2014 (under this project) by computing the observed water depth 
changes in the vicinity of the port over the eight-year period. The analysis of the measured data 
for the identical reference area used for the model prediction showed that there was an annual 
average deposition height of 0.02m (0.8”). In general, there were areas of both erosion and 
accretion in the vicinity of GTH.  Observed zones of localised accretion of the order of 0.10-
0.25m (0.5ft – 0.8ft) annualized over the eight years, were seen approximately 200m offshore the 
main port berthing face; and immediately north of the port.  In the immediate berthing area of 
the port, both modelled and measured data indicate that there has either been no change in water 
depth or very small erosion/accretion.   

In summary, the model appears to slightly overestimate the deposition and erosion patterns in 
the area of the GTH. Figure 5.4 shows a comparison of the measured and modelled 
accretion/erosion rates annualized for the eight-year period between actual surveys (on the left) 
and for a year of modelled data (on the right).  
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Measured  bed  c h an g e  2006 and  2014 (Avg . 8 Years)  Mo d e lled  b ed  c h an g e  2006 and  2007 (1 Year) 

Figure 5.4   Accretion/erosion patterns for GTH – measured (left) versus modelled (right) for Baseline 

 

5.2.2 Impact of Options on Deposition and Infilling Rates – Year 2014 

The resulting accumulated sediment transport for the year 2014 is plotted in Figure 5.4 for the 
existing condition and for Options A, B and C. The results indicate various areas of deposition 
and erosion for the existing condition and also following the implementation of all options. 
The plots indicate that in the proposed dredge area for Option A, there is effectively no 
deposition excepting along the side slopes. Deposition and erosion patterns for the areas offshore 
the port remain virtually unchanged.  

In the proposed dredge area for Option B, and for the berths oriented in a NNE-SSW direction, 
there is effectively little or no deposition.  For the larger berths however, which are oriented in a 
NW-SE direction, these are in a zone where deposition is predicted to occur.   

For Option C, some small deposition is predicted to occur in the outer sections of the middle 
and south dredge pockets, while minimal erosion is predicted to occur in the inner parts of these 
dredge pockets. It is anticipated however, that the erosion will stabilise with time, as the seabed 
adapts to the altered wave conditions, thereby minimising residual impacts. Generally all other 
patterns remain unchanged.  
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Figure 5.4   Accretion/erosion patterns for GTH – Existing (top left); Option A (top right); Option B (bottom 
left); Option C (bottom right) 

  



 

SMITH WARNER INTERNATIONAL LIMITED   MAY 2015 

To gain more insight into erosion and deposition within the dredged area, the volume of 
sediment transported into the dredged area was computed. The results indicate that there will 
be very little deposition within the dredged area under typical conditions.  However, there is a 
risk of sedimentation in the dredged area during hurricanes, as discussed in the next section. 

5.2.3 Impact of Options on deposition and infilling rates during Hurricane Fox (1952) 
The track of Hurricane Fox (1952) was identified from the NOAA hurricane database in order to 
evaluate hurricane-induced impacts on sediment transport and infilling of the dredge area.  Fox 
was formed in the Caribbean basin and tracked in a north-westerly direction south of Grand 
Cayman, where it turned to the north tracking west of George Town and then heading north-east 
towards the Bahamas.  Hurricane Fox’s track is not typical compared to those that form in the 
Atlantic Ocean but was chosen for this analysis because of its proximity and direct impact on the 
west coast of Grand Cayman. 

 

Figure 5.5 below gives the trajectory of Hurricane Fox (1952) passing west of Grand Cayman as a 
Category 3 Hurricane along with Michelle (2001) which also tracked south to north-east, along 
with Allen (1980), Gilbert (1988), and Ivan (2004) which all display the more typical westerly 
track. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.5   Track of representative hurricanes that have affected Grand Cayman including Fox (1952) 
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The hurricane track information was converted in time-varying wind speed and atmospheric 
pressure maps. The resulting wave and water level conditions were computed using MIKE 21 
HD+SW+ST at hourly intervals along the overall hurricane tracks. 

The sediment thickness, eddy viscosity and roughness parameters were used similarly to those 
explained in the background on hydrodynamics (refer to Appendix D.2 - Hydrodynamics and 
Dredge Plume Modelling). 

The resulting estimates of accumulated sediment transport up to when Hurricane Fox reached its 
peak are plotted in Figure 5.6 for existing conditions and for the proposed project layout (Option 
C). The results indicate various areas of minimal deposition and erosion under both existing and 
proposed conditions.  For the proposed project, the model results indicate a total of 
approximately 3,000 yd3 of deposition within the dredged area, with the majority of the 
deposition predicted to occur along the side slopes, in particular on the south side of the dredged 
basin (sedimentation depths in the order of 1 to 5 ft). 

 
Figure 5.6  Accretion/erosion patterns for GTH After Hurricane Fox – Existing (left); Option C (Right) 
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5.2.4 Impact of Options on Total Load Sediment Transport – Swell Conditions 
Figure 5.7 presents a plot of the sediment transport total load for a NW swell event and reveals 
the direction of sediment transport along the west Grand Cayman shoreline.  For the existing 
scenario, the wave induced currents move south along the shoreline and go around the existing 
port.  These currents appear to become much smaller in magnitude south of the port. Transport 
rates above 10m3/s/m appear in pockets that hug the shoreline. For Option A, the general 
patterns appear to be relatively unchanged, with the exception that the higher rates hug the 
shoreline more.  For Option B, the current patterns and zones of total load are virtually the same 
as for the existing condition, with the exception that immediately south of the main pier (W-SE 
extension) a zone of higher total load transport exists than did previously. Finally, for Option C, 
there is an observed significant change in current velocities in the immediate area of the port, in 
that the current velocities become much less.  The area of dredging therefore becomes an area of 
decreased total load transport.  

For the SW swell (shown in Figure 5.8) the total load direction is northward along the shoreline. 
However, in the vicinity of the port, load rates drop to below 1m3/s/m. Option A appears not to 
change this pattern in any significant manner. One point of note here is a reef feature north of 
the port that bifurcates the sediment movement, causing strengthening to the north and to the 
south of the feature. Another point of note is that the pathway of sediment for SW waves does 
not go through the port, indicating that the proposed development will be isolated from the 
southern Seven Mile Beach headland. For Option B, there are no observable changes to the 
transport pathway or pattern, as compared to the existing scenario. Finally, for Option C, the 
total load velocities appear to be increased slightly in the vicinity of the port.  Further, there 
appears to be a small increase in total load magnitudes. As with all of the plots for this wave 
direction, the reef feature to the north of the port appears to have a significant effect on the total 
load patterns.  
  



 

SMITH WARNER INTERNATIONAL LIMITED   MAY 2015 

 

      

        
Figure 5.7   Total load pathways for GTH: NW swell – Existing (top left); Option A (top right); Option B 
(bottom left); Option C (bottom right) 
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Figure 5.8   Total load pathways for GTH: SW swell – Existing (top left); Option A (top right); Option B 
(bottom left); Option C (bottom right) 
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5.2.5 Impact of Options on total load sediment transport during Hurricane Fox (1952) 
Figure 5.9 below presents a plot of the sediment transport total load at the peak of Hurricane Fox 
(1952) and reveals the direction of sediment transport at the GTH.  For both scenarios, the wave 
induced currents move towards the north. With the Option C in place these currents appear to 
become slightly higher in magnitude along the outer edge of the dredge pocket. There is no 
significant change in current velocities in the immediate area of the port, in that the current 
pathways remain the same in both shape and intensity.  Some fraction of the dredge area 
therefore becomes an area of increased total load transport.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.9   Total load pathways for GTH after the passage of Hurricane Fox (1952) – Existing (left); Option 
C (right) 

 

5.3 Climate Change Impacts 

5.3.1 Climate Change Impacts – Hurricane Wave Patterns 
An assessment of the impacts on nearshore wave and water levels under hurricane conditions was 
made using MIKE 21 HD+SW. Working in a coupled mode, the model includes wave set-up, 
which is the localized increase in water level due to breaking waves. The flexible mesh that was 
developed for the current and wave impact assessments was utilized for this assessment.  
Boundary input wave conditions equivalent to the 50-year wave conditions described in the 
Natural Hazard assessment were used. The statistics used to develop these conditions incorporated 
climate change considerations. The simulations examined the range of different wave directions 
that could affect the site.  The worst-case directions selected were 247 and 270 deg.  Figure 5.10 
and Figure 5.11 show the model results for water levels and wave heights for the existing and 
Option C conditions. 
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Figure 5.10   Storm surge heights for 50-year hurricane from 247 deg for existing (left) and Option C (right) 

 

 
Figure 5.11   Storm surge heights for 50-year hurricane from 270 deg for existing (left) and Option C (right) 
 
The 247 deg. wave direction results in a slight decrease in the water levels to the immediate north 
of the port, when comparing Option C to existing.  For the 270 deg. wave angle, a similar 
observation is made, in that the storm surge values under Option C are reduced.   

Wave heights for Option C appear to be increased for the 247 and 270 deg. wave angles, due to 
increased wave reflection from the vertical quay wall as shown in Figure 5.12 and Figure 5.13. The 
increase in wave heights appears to be limited to the area offshore the land reclamation and is 
not widespread. Wave heights along the shoreline north and south of the CBF do not appear to 
be impacted. 
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Figure 5.12   Significant wave heights for 50 year hurricane from 247 deg for existing (left) and Option C 
(right) 

 

 
Figure 5.13   Significant wave height for 50 year hurricane from 270 deg for existing (left) and Option C 
(right) 

 
 

5.3.2 Climate Change Impacts – Flooding from Hurricane Waves 
The Climate Change Assessment suggests that Mean Sea Level (MSL) will increase by 0.26 to 
0.82m by 2100. The predicted increase in MSL will increase water depths in the vicinity of GTH 
and this may affect flooding in the vicinity of the port area. 

Similarly to the analysis made on Flooding from Hurricane Waves an assessment of the impacts 
on nearshore water levels under the 1 in 50-year hurricane condition was made using MIKE 21 
HD+SW. The statistics used to develop these conditions incorporated climate change 
considerations. In addition analysis included overtopping for both the existing and proposed 
Option C. 

Figure 5.14 below compares the maximum flooding for both existing and proposed Option C 
and assuming a MSL increase of 0.82m to account for climate change. 
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For the existing conditions flooding of up to 3m is observed at the port while values up to 3m 
and 4m are observed respectively to the north and south of the port. With the proposed Option 
C in place there is an increase in flooding level up to 4.6m, however this increase appears to be 
limited to the area offshore of the land reclamation and is not widespread. South and north of 
the proposed Option C flooding values remain similar with maximum recorded at 4m to the 
south and 3m to the north.  

The effects of climate change are not expected to have a significant impact on the flooding levels 
at the project site. 
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Figure   Storm surge heights for 50-year hurricane including climate change for existing (left) and Option C (right) 
Figure 5.14   Storm surge heights for 50-year hurricane including climate change for existing (left) and Option C (right) 
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5.4 Conclusions and Summary of Impacts  
The following points emerge from the previous analyses: 

• Historically, 7MB has been subject to large variations in beach width; these variations 
are a  natural response to seasonal and long term variations in the wave climate.   

• 7MB appears to be supplied by sand coming around the northwest corner of the island, 
with the sand being sourced from the nearshore/fringing reefs along this shoreline.   

• There is no apparent sediment transport linkage between GTH and SMB; therefore, the 
proposed project is not expected to have any impact on 7MB.  Fluctuations in the beach 
width will continue, but the proposed project will not cause any changes in erosion or 
deposition patterns along 7MB. 

• Under non-hurricane conditions, very minimal sediment infilling is expected in the 
dredged basin.   During hurricanes, some sedimentation may occur, with the potential 
requirement for maintenance dredging following as severe event in order to restore the 
design depths.  

• No large scale changes to the prevailing sediment transport patterns are expected as a 
result of the proposed project.  

• The project will result in localized changes in wave conditions in GTH; however, the 
project will not increase storm surge in GTH or flooding along the shoreline or in 
George Town.  
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Appendix A  

Baird Offshore Wave Hindcast Analysis 
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4.0 OFFSHORE WAVE HINDCAST 

4.1 General Wave Climatology 

George Town Harbour (GTH) is located on the west (lee) side of Grand Cayman Island, and is 
sheltered from waves associated with the prevailing easterly trade winds. However, GTH is 
exposed to “Nor’westers” during the winter months. These events, which typically occur several 
times each winter, and may last several days, are characterized by strong winds and rough wave 
conditions approaching GTH from the northwest.  

4.2 WaveWatchIII Model 

A hindcast (historical prediction) of waves offshore of Grand Cayman was developed by means of 
the WaveWatchIII (WW3) model, as developed and distributed by the U.S. National Oceanographic 
and Atmospheric Administration (NOAA).   WW3 is a third generation wave growth and 
propagation model that is used extensively by wave forecasting services in many countries and is 
one of the industry standard models.  Baird operates a global wave hindcasting system that has 
been extensively validated against measured wave data.  The data for this project were extracted 
from this system.   

A primary input to the WW3 model are regularly-spaced grids that define water depths and land 
areas.  The primary global modeling system employs a 1.25˚ (longitude) by 1.0˚ (latitude) global 
WW3 grid, with transfer boundaries into more highly resolved modeling regions.  These higher 
resolution areas include a 0.25˚ by 0.25˚ Caribbean grid, and a 0.05˚ by 0.05˚ Greater Antilles grid, as 
shown in Figure 4.1.  The combination of the three grid systems allows for the simulation of waves 
throughout the Atlantic, which are then passed to the intermediate grid, and then onto the highest 
resolution grid.  This allows for higher grid resolution where needed, without slowing the 
simulation by having unnecessary resolution in the open ocean.  Grand Cayman is located close to 
the west edge of the Greater Antilles grid, and therefore the waves from the west are largely 
defined by the Caribbean Grid.   

4.3 Wind Sources 

The wave model was driven with winds from meteorological models by NOAA.  After a testing a 
series of model products, the Climate Forecast System Reanalysis (CFSR) winds were selected for 
the wave hindcast.  For the larger model, a wind data were used from a coarser data set 
(approximately 1.9˚ grid spacing), while for the higher resolution wave models, higher resolution 
CFSR winds (approximately 0.3˚ grid spacing) were used.  The wave hindcast covered the 35 year 
period from the start of 1980 until the end of 2014. 
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Figure 4.1  Caribbean Grid Domain (top) and Greater Antilles Grid Domain (bottom) for WW3 

Simulations 

4.4 Model Validation 

Model validation was undertaken based on comparisons to waves measured by ocean buoys 
(operated by NOAA) and by satellite altimetry.  There are three buoys in the region, as shown in 
Figure 4.2.  These buoys are a significant distance from Grand Cayman and give an overall 
indication of the validity of the hindcast, but are not close enough to the site to represent deepwater 
conditions at Grand Cayman. 

Satellite altimetry takes place from a series of satellites in regular orbits, and involves 
measurements of ocean roughness, which is translated to a wave height.  These data start about 20 
years ago, with more coverage in recent years.  The satellite orbits are repeated every few days 
resulting in long times between measurements.  However, with decades of data it is possible to 
select a single point in the ocean and make comparisons of measured and modeled wave heights.   
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Figure 4.2  Wave Buoy Locations in the Vicinity of Grand Cayman 

Figure 4.3 shows a sample quantile-quantile (Q-Q) plot for a comparison location adjacent to Grand 
Cayman.    A Q-Q plot is graphical means to compare two probability distributions – the measured 
and the modelled data.   If the data are a "perfect" match, then a straight line is produced.  Typical 
comparisons of measurements and models result in some scatter but also a linear trend.  If the line 
is generally too high or too low (from the 1:1 line) then the model has a bias.   QQ-plots were 
produced for the three buoys in the region, as well as using data from the satellite altimetry.  These 
are provided in Appendix A.   

In addition to completing QQ-comparisons for individual points, the results of these analyses were 
undertaken for every point in the model, using the model results and satellite altimetry collected on 
a ¼˚ grid.  From each point on the ¼  ̊grid, an estimate of the bias of the wave model is produced.   
Figure 4.4 provides a plot of the bias between the modelled and measured data.  This plot shows 
the hindcast as being biased slightly high near Grand Cayman. 

 

42056 

42057 

42058 
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Figure 4.3  Scatter Comparison(left) and QQ Comparison (right) for One Satellite Altimetry Location 

 
 
 

 
Figure 4.4  Model Wave Height Bias Plot from Satellite Altimetry 

(Cayman at white dot, bias in metres) 
 

Measured wave heights from the buoys and the satellite altimetry are all non-directional wave data.  
Therefore, in order to assess the wave heights from a specific directional sector, it is necessary to 
rely on the hindcast wave conditions to define when NW waves are occurring.  In order to examine 
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the NW waves that are approaching GTH, waves from NOAA buoy 42056 were compared to the 
hindcast.  The buoy data were compared to the hindcast waves where the mean wave direction was 
between 270˚ and 360˚.  The resulting comparison involved approximately 1000 data points, 
compared to about 22,000 data points when all directions were considered.  This comparison, 
shown in Figure 4.5 indicates that the NW wave conditions are likely well represented in the 
hindcast. 

  
Figure 4.5  QQ Wave Height for NW Waves at Buoy 42056 

 

A similar analysis was undertaken for the wave periods, and is shown in Figure 4.6.  This figure 
indicates that waves from the NW are underestimated in period at the location of buoy 42056.  It is 
reasonable to assume that a similar trend may exist at GTH; this is discussed later through 
comparisons with the measured site data. 
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Figure 4.6  Comparison of Peak Period at Buoy 42056 for NW Waves 
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5.0 NEARSHORE WAVE CLIMATE 

5.1 Nearshore Wave Modeling 

Wave transformations were completed using the MIKE21 Spectral Wave Model (M21SW).  This 
model includes wave refraction, shoaling, breaking and approximately includes diffraction.  The 
bathymetric grid for the M21SW model is shown in Figure 5.1.  Water depths in this model were 
obtained from multibeam hydrographic survey data, which covered the western side of the island.  
For the north, south and east parts of the model, water depths were obtained from navigation 
charts and do not include the same level of detail.  However, bathymetric depths in this area are 
less critical to the waves that approach the proposed facility. 

 
Figure 5.1  M21SW Computational Grid 

 

 
Figure 5.2  M21SW Computational Grid Zoomed in Near the Port 
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Waves were transformed by developing a transfer function from offshore to the site.  This transfer 
function was established by simulating about 600 wave height, period and direction combinations 
and extracting the results at the points of interest.  The wave height ratio and change in wave 
direction from offshore to shallow water was documented for each site.  The wave transfer function 
was then applied to the spectral wave data that was defined by the WW3 model.  The result is a 35 
year wave climate at the points of interest, with wave statistics defined every three hours.   

5.2 Nearshore Wave Model Validation 

Comparisons between the hindcast wave conditions and the wave gauges at Grand Cayman were 
completed for the period of measurement (June to December 2014).  During this time period, waves 
were measured in three locations, as shown in Figure 5.3.  Wave conditions throughout the summer 
months were generally mild with very few significant wave events.  Wave measurements in front 
of the port were more problematic with reflections from the shoreline complicating the 
measurements.  A cleaner wave signal was recorded at the North ADCP, where Seven Mile Beach 
produced lower reflected wave heights.  The period of October to December 2014 provided the 
cleanest set of wave data for calibration purposes.   This time period included some northwest 
wave events, which will be critical to the performance of the pier.   

 
Figure 5.3  Locations of Wave Measurements 

 

 
SWI Wave Gauge (North) 

• RDI ADCP 
• Measures wave & current profiles 
• 15 m depth 
• Summer/fall deployment 

 
SWI Wave Gauge (South) 

• RDI ADCP 
• Measures wave & current profiles 
• 10 m depth 
• Summer/fall deployment 

 
Baird Wave Gauge 

• Nortek AWAC 
• Measures wave & current profiles 
• 20 m depth 
• Summer deployment only 
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Initial comparisons of the wave conditions at the North ADCP suggested a slight underestimate in 
the wave conditions.  This was overcome by increasing the magnitude of the coefficients in the 
transfer function by 10 percent.   

A further adjustment was made by including the influence of winds from the SE sector.  This 
correction was developed through the observation that during SE winds there was a slight under 
prediction in the wave heights.  Simulations of local wind generation were undertaken and the 
transfer function was then adjusted to include an augmentation to the wave heights in response to 
the locally generated wind waves.  The final wave climate for the site followed this methodology. A 
comparison of the modeled and measured wave conditions during this fall period at the North 
ADCP is provided in Figure 5.4 through Figure 5.6. 

 
Figure 5.4  Wave Height Comparison of North ADCP and Hindcast (Fall Deployments) 

 

 
Figure 5.5  Wave Period Comparison of North ADCP and Hindcast (Fall Deployments) 

 
Figure 5.6  Wave Direction Comparison of North ADCP and Hindcast (Fall Deployments) 
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Review of the data measured at GTH does not suggest a systematic underestimate of the wave 
periods as suggested in the offshore data.  Occurrences of strong northwesterly wave conditions 
typically resulted in predicted wave periods that were close to the measured data. 

5.3 George Town Harbour Wave Climate 

Wave conditions were predicted for numerous locations, including a location offshore from GTH.  
These wave conditions were defined using the same process of developing a transfer function from 
M21SW and augmenting the height coefficients by 10 percent plus an additional (small) amount 
during SE winds.   The wave conditions at George Town Harbour are shown in a wave rose in 
Figure 5.7.   

 
Figure 5.7  Wave Rose for Waves at George Town Harbour 

The frequency of the wave heights is provided in Figure 5.8.  This figure represents our estimate of 
the long term average wave condition; some years will be lower and some years will be higher.  For 
example, it is entirely possible that some years may never exceed 2 m, while another year may have 
30 hours over 2 m.  Furthermore, these wave conditions only include an approximation of 
hurricane and tropical storm conditions.  The wind fields that drive the wave models do not have 
the spatial resolution to define the hurricane wind fields.  Therefore, the plot presented in Figure 
5.8 should not be used for defining extreme events or design conditions. 
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Figure 5.8  Wave Height Frequency at George Town Harbour 

 
 

0.1

1

10

100

1000

10000

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

Fr
eq

ue
nc

y o
f E

xc
ee

de
nc

e 
(h

ou
rs

 p
er

 ye
ar

)

Wave Height (m)



  

 

 

 

Appendix B  

Description of MIKE 21  



Obtained from DHI Website:  

www.dhigroup.com/Software/Marine/MIKE21.aspx 

MIKE 21 
MIKE 21 is a professional engineering software package for 
the simulation of flows, waves, sediments and ecology in 
rivers, lakes, estuaries, bays, coastal areas and seas. The 
modelling system is designed in an integrated modular 
framework with a variety of add-on modules. This, in 
combination with the range of dedicated and easy to use 
tools and editors, allow you to customise your personal 
software package to suit your own specific needs, whether 
for simple or more complex 2D flow modelling needs. 

 

MIKE 21 provides 

• A complete and effective design environment  

• An advanced GUI combined with a series of highly efficient computational engines  

• GUI facilities for easy applications  

• GIS integration  

• Free tools, eg for processing of model data in MATLAB  

• Integration with urban and water resource models for flood modelling  

• Modules for virtually any kind of 2D water modelling needs 

• Open, flexible and easy ecology and water quality modeling 

• Sophisticated tools for data handling, analysis and visualization 

• Multiple computational grid options ensuring optimal model application  

• Well-proven technology with 30+ years of track record  

• Widely used by thousands of engineers and scientists worldwide 
  

 

Flow Model Versions 
 

MIKE 21 FM is based on an unstructured mesh and uses a cell-
centred finite volume solution technique. The mesh is based on 
linear triangular elements. The FM version is particularly well suited 
for modelling large complex areas that, at the same time, require a 
detailed resolution of specific features. 
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Hydrodynamics 
The hydrodynamic modules provide the basis for computations 
performed in many other modules, but can also be used alone. They 
simulate the water level variations and flows in response to a variety 
of forcing functions on flood plains, in lakes, estuaries and coastal 
areas.  

In MIKE 21 the HD modules solve the vertically integrated 
equations for the conservation of continuity and momentum, ie the Saint Venant equations 
on rectangular, flexible or curvilinear grids covering the area of interest, when provided with 
the bathymetry, bed resistance coefficients, wind field, hydrographic boundary conditions, 
etc. 

The effect of waves on the currents can be included in various ways, eg by apparent bed 
roughness. Including wave-induced flow in the model is done by specifying wave radiation 
stresses, which then will enter the momentum equations. These can also be imported directly 
from the wave models MIKE 21 SW/NSW or PMS.  

The effects of sources and sinks like precipitation and evaporation, river discharge, intakes 
and outlets from power stations, etc are included in the hydrodynamic equations. The impact 
of hydraulic structures (bridge piers or piles, weirs, etc) on the flow conditions can also be 
included. A valuable facility in MIKE 21 is its capability to compute the flow in an area that 
sometimes dries out and sometimes is flooded, e.g. tidal flats and flood plains.  

MIKE 21 C, the flow model for the curvilinear version, includes helical three-dimensional 
flow that occurs in curved flows, especially in river bends. Helical flow is a principal 
secondary flow phenomenon in rivers that has a significant influence on the sediment 
transport direction and hence the morphological changes in the river channel.  

The US Federal Emergency Management Agency (FEMA) has officially approved MIKE 21 
HD and NHD for use in national flood insurance program studies (NFIS) for applications 
in both coastal and riverine environments. 
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SW Spectral Wave Module  

MIKE 21 SW is a new 3rd generation spectral wind-wave model 
that simulates the growth, decay and transformation of wind-
generated waves and swell in offshore and coastal areas. MIKE 21 
SW solves the spectral wave action balance equation formulated in 
either Cartesian or spherical co-ordinates. At each element, the 
wave field is represented by a discrete two-dimensional wave action 
density spectrum.  

The model includes the following physical phenomena; wave growth by action of wind, non-
linear wave-wave interaction, dissipation by white-capping, dissipation by wave breaking, 
dissipation due to bottom friction, refraction due to depth variations, and wave-current 
interaction.  

The discretisation of the governing equations in geographical and spectral space is 
performed using the cell-centred finite volume method. In the geographical domain an 
unstructured mesh is used. The time integration is performed using a fractional step 
approach where a multi-sequence explicit method is applied for the propagation of wave 
action. MIKE 21 SW includes two different formulations:  

• fully spectral formulation  

• directional decoupled parametric formulation  

MIKE 21 SW is used for the assessment of wave climates in offshore and coastal areas -in 
hindcast and forecast mode. A major application area is the design of offshore, coastal and 
port structures for which accurate assessment of wave loads is of utmost importance to the 
safe and economic design of these structures.  

MIKE 21 SW is particularly applicable for simultaneous wave prediction and analysis on 
regional scale and local scale. Coarse spatial and temporal resolution is used for the regional 
part of the mesh and a high-resolution boundary and depth-adaptive mesh is describing the 
shallow water environment at the coastline.  

MIKE 21 SW is also used for the calculation of the sediment transport, which, to a great 
extent, is determined by wave conditions and associated wave-induced currents. The wave-
induced current is generated by the gradients in radiation stresses that occur in the surf zone. 
MIKE 21 SW can be used to calculate the wave conditions and associated radiation stresses. 
The long-shore currents and sediment transport are then calculated using the flow and 
sediment transport models available in the MIKE 21 package. 

Coupled Model FM  
MIKE 21/3 Coupled Model FM is a truly dynamic modelling 
system for application within coastal and estuarine environments. It 
is composed of following modules:  

• Hydrodynamic Module  

• Spectral Wave Module  
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• Transport Module  

• ECO Lab Module  

• Mud Transport Module  

• Sand Transport Module (only 2D simulations)  

The Hydrodynamic Module and the Spectral Wave Module are the basic computational 
components of the MIKE 21/3 Flow Model FM. Using MIKE 21/3 Coupled Model FM it 
is possible to simulate the mutual interaction between waves and currents using a dynamic 
coupling between the Hydrodynamic Module and the Spectral Wave Module. The MIKE 
21/3 Coupled Model FM also includes a dynamic coupling between the Mud Transport and 
the Sand Transport models and the Hydrodynamic Module and the Spectral Wave Module. 
Hence, a full feedback of the bed level changes on the waves and flow calculations can be 
included.  

 

Application Areas  

The application areas are generally problems where flow and transport phenomena are 
important with emphasis on coastal and marine applications, where the flexibility inherited in 
the unstructured meshes can be utilized.  

MIKE 21/3 Coupled Model FM can be used for investigating the morphological evolution 
of the nearshore bathymetry due to the impact of engineering works (coastal structures, 
dredging works etc.). The engineering works may include breakwaters (surface-piercing and 
submerged), groins, shoreface nourishment, harbours etc. MIKE 21/3 Coupled Model FM 
can also be used to study the morphological evolution of tidal inlets.  

It is most suitable for medium-term morphological investigations (several weeks to months) 
over a limited coastal area. The typical dimensions are about 10km in the alongshore 
direction and 2km in the offshore direction. The computational effort can become quite 
large for long-term simulations, or for larger areas.  

 

Computational features  

The main features of the MIKE 21 Coupled Model FM are as follows  

• Dynamic coupling of flow and wave calculations  

• Fully feedback of bed level changes on flow and wave calculations  

• Easy switch between 2D and 3D calculations (hydrodynamic module and process 
modules)  

• Optimal degree of flexibility in describing bathymetry and ambient flow and wave 
conditions using depth-adaptive and boundary-fitted unstructured mesh. 
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ST Sediment Transport Module  
 

MIKE 21 ST is mainly used to determine the sediment transport 
pattern (or changes in this pattern) and the initial rates of 
sedimentation/erosion due to the impact of engineering works. 
The simulations can be done for pure currents and combined 
currents and waves. Several formulations calculating sand transport 
in pure currents are implemented in the model. The STP (detailed 
sand transport model also used in LITPACK) and Bijker´s method 

are available for calculating sand transport rates in combined currents and waves.  

It is an advanced sand transport model both for pure current or current and wave 
conditions, which includes influence of breaking and non-breaking waves, currents due to 
various driving forces, coastal structures, complex bathymetry, sediment gradation, etc. 
Some of the processes described in STP include: waves propagating at an arbitrary angle 
with respect to the current, breaking/unbroken waves, effect of ripples, sediment grading, 
bed slope, wave asymmetry, undertow, etc.  

Typical application areas for MIKE 21 ST are:  

• Morphological optimization of port layouts, taking into consideration sedimentation 
at port entrance, sand bypassing and downdrift impact, etc  

• Detailed coastal area investigation of the impact of shore protection structures on 
adjacent shoreline. Sand losses from bays due to rip currents, etc  

• Stability of tidal inlets -assessment of the ability of the tidal flows to maintain the 
entrance after sudden sedimentation due to littoral drift  

MIKE 21 ST has full compatibility with LITDRIFT 
 

MT Mud Transport Module  
MIKE 21 MT is a combined multi-fraction and multi-layer model 
that describes erosion, transport and deposition of mud or 
sand/mud mixtures under the action of currents and waves.  

Processes that can be included in the simulation are forcing by 
waves, sliding, salt-flocculation, detailed description of the settling 
process, layered description of the bed, and morphological update 
of the bed.  

For example, waves calculated by one of the MIKE 21 wave modules may be used to 
include the wave or wave-current induced effect on shear stresses. Flocculation in the water 
column is taken into account through optional descriptions of the settling velocity 
dependency of salinity and concentration. Furthermore, hindered settling and consolidation 
in the fluid mud and under-consolidated bed are included in the model. Bed erosion can 
either be non-uniform; i.e. the erosion of soft and partly consolidated bed, or uniform; i.e. 
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the erosion of a dense and consolidated bed. The bed is described as layered and 
characterized by the density and shear strength.  

MIKE 21 MT is typically applied to the study of the following engineering problems:  

• sediment transport studies for fine cohesive materials or sand/mud mixtures in 
estuaries and coastal areas in which environmental aspects are involved and 
degradation of water quality may occur  

• siltation in harbours, navigational fairways, canals, rivers and reservoirs  

• dredging studies  

• morphology  
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