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29 

29 

30 

30 

31 

31 

32 

32 

33 

34 

35 

35 

36 

36 

37 

37 

38 

38 

39 

V 



the top margin of figure. 
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Figure 82. Hs contour plot for (nested) Jobos Bay, based on the scenario listed along the top 
margin of figure. 

Figure 83. Hs contour plot for (nested) Puerto Las Mareas, based on the scenario listed along 
the top margin of figure. 

Figure 84. Hs contour plot for Jobos Bay and Puerto Las Mareas, based on the scenario listed 
along the top margin of figure. 

Figure 85. Hs contour plot for (nested) Jobos Bay, based on the scenario listed along the top 
margin of figure. 

Figure 86. Hs contour plot for (nested) Puerto Las Mareas, based on the scenario listed along 
the top margin of figure. 

Figure 87. Significant wave height "slices" for Jobos Bay. 

Figure 88. Significant wave height "slices" for Puerto Las Mareas. 

Figure 89. Posting showing location ofbathymetry and topography values for Ponce Bay. 

Figure 90. Depth contour plot of outer computational grid for Ponce Bay. Also shown is the 
outline of the nested grid. 

Figure 91. Depth contour plot of nested computational grid for Ponce Bay. 

Figure 92. Hs contour plot for Ponce Bay, based on the scenario listed along the top margin of figure. 

Figure 93. Hs contour plot for (nested) Ponce Bay, based on the scenario listed along the top 
margin of figure. 

Figure 94. Hs contour plot for Ponce Bay, based on the scenario listed along the top margin of figure. 

Figure 95. Hs contour plot for (nested) Ponce Bay, based on the scenario listed along the top 
margin of figure. 

Figure 96. Hs contour plot for Ponce Bay, based on the scenario listed along the top margin of figure. 

Figure 97. Hs contour plot for (nested) Ponce Bay, based on the scenario listed along the top margin 
of figure. 

Figure 98. Hs contour plot for Ponce Bay, based on the scenario listed along the top margin of figure. 

Figure 99. Hs contour plot for (nested) Ponce Bay, based on the scenario listed along the top margin 
of figure. 

Figure 100. Significant wave height "slices" for Ponce Bay. 

Figure 101. Posting showing location of bathymetry and topography values for Guayanilla Bay. 

Figure 102. Depth contour plot of computational grid for Guayanilla Bay. 

Figure I 03. Depth contour plot for nested computational grid. Also shown are the locations where 
Hs "slices" will be acquired. 
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Figure 104. Hs contour plot for Guayanilla Bay, based on the scenario listed along the top 
margin of figure. 

Figure 105. Hs contour plot for (nested) Guayanilla Bay, based on the scenario listed along 
the top margin of figure. 

Figure I 06. Hs contour plot for Guayanilla Bay, based on the scenario listed along the top 
margin of figure. 

Figure 107. Hs contour plot for (nested) Guayanilla Bay, based on the scenario listed along the 
top margin of figure. 

Figure 108. Hs contour plot for Guayanilla Bay, based on the scenario listed along the top margin 
of figure. 

Figure I09. Hs contour plot for (nested) Guayanilla Bay, based on the scenario listed along the 
top margin of figure. 

Figure 110. Hs contour plot for Guayanilla Bay, based on the scenario listed along the top margin 
of figure. 

Figure 111. Hs contour plot for (nested) Guayanilla Bay, based on the scenario listed along the top 
margin of figure. 

Figure 112. Hs contour plot for Guayanilla Bay, based on the scenario listed along the top margin 
of figure. 

Figure 113. Hs contour plot for (nested) Guayanilla Bay, based on the scenario listed along the top 
margin of figure. 

Figure 114. Hs contour plot for Guayanilla Bay, based on the scenario listed along the top margin 
of figure. 

Figure 115. Hs contour plot for (nested) Guayanilla Bay, based on the scenario listed along the top 
margin of figure. 

Figure 116. Significant wave height "slices" for Guayanilla Bay. Waves from the southeast. 

Figure 117. Significant wave height "slices" for Guayanilla Bay. Waves from the south. 

Figure 118. Significant wave height "slices" for Guayanilla Bay. Waves from the southwest. 

Figure 119. Posting showing location of bathymetry and topography values for Guanica Bay. 

Figure 120. Depth contour plot of computational grid for Guanica Bay. 

Figure 121. Hs contour plot for Guanica Bay, based on the scenario listed along the top margin 
of figure. 

Figure 122. Hs contour plot for Guanica Bay, based on the scenario listed along the top margin 
of figure. 

Figure 123. Hs contour plot for Guanica Bay, based on the scenario listed along the top margin 
of figure. 
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Figure 124. Hs contour plot for Guanica Bay, based on the scenario listed along the top margin 
of figure. 

Figure 125. Significant wave height ''slices" for Guanica Bay. 

Figure 126. Posting showing location of bathymetry and topography values for Boquer6n Bay 
and Puerto Real. 

Figure 127. Depth contour plot of outer computational grid for Boquer6n Bay and Puerto Real. 
Also shown is the outline of nested grids. 

Figure 128. Depth contour plot of nested computational grid for Boquer6n Bay. 

Figure 129. Depth contour plot of nested computational grid for Puerto Real Bay. 

Figure 130. Hs contour plot for Boquer6n and Puerto Real Bays, based on the scenario listed 
along the top margin of figure. 

Figure 131. Hs contour plot for (nested) Boquer6n, based on the scenario listed along the top 
margin of figure. 

Figure 132. Hs contour plot for (nested) Puerto Real, based on the scenario listed along the top 
margin of figure. 

Figure 133. Hs contour plot for Boquer6n and Puerto Real Bays, based on the scenario listed 
along the top margin of figure. 

Figure 134. Hs contour plot for (nested) Boquer6n, based on the scenario listed along the top 
margin of figure. 

Figure 135. Hs contour plot for (nested) Puerto Real, based on the scenario listed along the top 
margin of figure. 

Figure 136. Hs contour plot for Boquer6n and Puerto Real Bays, based on the scenario listed 
along the top margin of figure. 

Figure 137. Hs contour plot for (nested) Boquer6n, based on the scenario listed along the top 
margin of figure. 

Figure 138. Hs contour plot for (nested) Puerto Real, based on the scenario listed along the top 
margin of figure. 

Figure 139. Hs contour plot for Boquer6n and Puerto Real Bays, based on the scenario listed 
along the top margin of figure. 

Figure 140. Hs contour plot for (nested) Boquer6n, based on the scenario listed along the top 
margin of figure. 

Figure 141. Hs contour plot for (nested) Puerto Real, based on the scenario listed along the 
top margin of figure. 

Figure 142. Significant wave height "slices" for Boquer6n Bay. 

Figure 143. Significant wave height "slices" for Puerto Real. 
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Figure 144. Posting showing location ofbathymetry and topography values for Mayaguez Bay. 

Figure 145. Depth contour plot of computational grid for MayagUez Bay. 

Figure 146. Hs contour plot for Mayaguez Bay, based on the scenario listed along the top 
margin of figure. 

Figure 147. Hs contour plot for Mayaguez Bay, based on the scenario listed along the top 
margin of figure. 

Figure 148. Hs contour plot for Mayaguez Bay, based on the scenario listed along the top 
margin of figure. 

Figure 149. Hs contour plot for Mayaguez Bay, based on the scenario listed along the top 
margin of figure. 

Figure 150. Significant wave height "slices" for Mayaguez Bay. 

Figure 151. Posting showing location of bathymetry and topography values for Aguadilla Bay. 

Figure 152. Depth contour plot of computational grid for Aguadilla Bay. 

Figure 153. Hs contour plot for Aguadilla Bay, based on the scenario listed along the top margin of figure. 

Figure 154. Hs contour plot for Aguadilla Bay, based on the scenario listed along the top margin of figure. 

Figure 155. Hs contour plot for Aguadilla Bay, based on the scenario listed along the top margin of figure. 

Figure 156. Hs contour plot for Aguadilla Bay, based on the scenario listed along the top margin of figure. 

Figure 157. Significant wave height '"slices" for Aguadilla Bay. 

Figure 158. Posting showing location ofbathymetry and topography values for Arecibo Bay. 

Figure 159. Depth contour plot of computational grid for Arecibo Bay. 

Figure 160. Hs contour plot for Arecibo Bay, based on the scenario listed along the top margin of figure. 

Figure 161. Hs contour plot for Arecibo Bay, based on the scenario listed along the top margin of figure. 

Figure 162. Hs contour plot for Arecibo Bay, based on the scenario listed along the top margin of figure. 

Figure 163. Hs contour plot for Arecibo Bay, based on the scenario listed along the top margin of figure. 

Figure 164. Hs contour plot for Arecibo Bay, based on the scenario listed along the top margin of figure. 

Figure 165. Hs contour plot for Arecibo Bay, based on the scenario listed along the top margin of figure. 

Figure 166. Significant wave height "slices" for Arecibo Bay. 

Figure 167. Posting showing location ofbathymetry and topography values for Ensenada Honda 
Bay, Culebra. 

Figure 168. Depth contour plot ofouter computational grid for Ensenada Honda, Culebra. Also 
shown is the outline of nested grid. 
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Figure 169. Depth contour plot of nested computational grid for Ensenada Honda, Culebra. 

Figure 170. Hs contour plot for Ensenada Honda, Culebra, based on the scenario listed along 
the top margin of figure. 

Figure 171. Hs contour plot for (nested) Ensenada Honda, Culebra, based on the scenario listed 
along the top margin of figure. 

Figure 172. Hs contour plot for Ensenada Honda, Culebra, based on the scenario listed along 
the top margin of figure. 

Figure 173. Hs contour plot for (nested) Ensenada Honda, Culebra, based on the scenario listed 
along the top margin of figure. 

Figure 174. Hs contour plot for Ensenada Honda, Culebra, based on the scenario listed along the 
top margin of figure. 

Figure 175. Hs contour plot for (nested) Ensenada Honda, Culebra, based on the scenario listed 
along the top margin of figure. 

Figure 176. Hs contour plot for Ensenada Honda, Culebra, based on the scenario listed along the 
top margin of figure. 

Figure 177. Hs contour plot for (nested) Ensenada Honda, Culebra, based on the scenario listed 
along the top margin of figure. 

Figure 178. Significant wave height "slices" for Ensenada Honda, Culebra. 

Figure 179. Posting showing location of bathymetry and topography values for Charlotte Amalie 
Bay, St. Thomas, US VI. 

Figure 180. Depth contour plot of outer computational grid for Charlotte Amalie Bay, St. Thomas. 
Also shown is the outline of the nested grid. 

Figure 181. Depth contour for nested computational grid for Charlotte Amalie, St. Thomas. 

Figure 182. Hs contour plot for Charlotte Amalie, St. Thomas, based on the scenario listed along 
the top margin of figure. 

Figure 183. Hs contour plot for (nested) Charlotte Amalie, St. Thomas, based on the scenario 
listed along the top margin of figure. 

Figure 184. Hs contour plot for Charlotte Amalie, St. Thomas, based on the scenario listed 
along the top margin of figure. 

Figure 185. Hs contour plot for (nested) Charlotte Amalie, St. Thomas, based on the scenario 
listed along the top margin of figure. 

Figure 186. Hs contour plot for Charlotte Amalie, St. Thomas, based on the scenario listed 
along the top margin of figure. 

Figure 187. Hs contour plot for (nested) Charlotte Amalie, St. Thomas, based on the scenario 
listed along the top margin of figure. 

Figure 188. Hs contour plot for Charlotte Amalie, St. Thomas, based on the scenario listed 
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along the top margin of figure. 

Figure 189. Hs contour plot for (nested) Charlotte Amalie, St. Thomas, based on the scenario 
listed along the top margin of figure. 

Figure 190. Significant wave height "slices" for Charlotte Amalie Bay, St. Thomas. 

Figure 191. Posting showing location of bathymetry and topography values for Christiansted Bay, 
St. Croix. 

Figure 192. Depth contour plot of computational grid for Christiansted Bay, St. Croix. 

Figure 193. Hs contour plot for Chrsitiansted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 194. Hs contour plot for Chrsitiansted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 195. Hs contour plot for Chrsitiansted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 196. Hs contour plot for Chrsitiansted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 197. Hs contour plot for Chrsitiansted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 198. Hs contour plot for Chrsitiansted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 199. Significant wave height "slices" for Christiansted Bay, St. Croix. 

Figure 200. Posting showing location of bathymetry and topography values for Frederiksted Bay, 
St. Croix. 

Figure 201. Depth contour plot of computational grid for Frederiksted Bay, St. Croix. 

Figure 202. Hs contour plot for Frederiksted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 203. Hs contour plot for Frederiksted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 204. Hs contour plot for Frederiksted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 205. Hs contour plot for Frederiksted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 206. Hs contour plot for Frederiksted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 207. Hs contour plot for Frederiksted, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 208. Significant wave height "slices" for Frederiksted, St. Croix. 
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Figure 209. Posting showing location ofbathymetry and topography values for Port Alucroix, 
St. Croix. 

Figure 210. Depth contour plot of computational grid for Port Alucroix, St. Croix. 

Figure 211. Hs contour plot for Port Alucroix, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 212. Hs contour plot for Port Alucroix, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 213. Hs contour plot for Port Alucroix, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 214. Hs contour plot for Port Alucroix, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 215. Hs contour plot for Port Alucroix, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 216. Hs contour plot for Port Alucroix, St. Croix, based on the scenario listed along the 
top margin of figure. 

Figure 217. Significant wave height "slices" for port Alucroix, St. Croix. 
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INTRODUCTION 

The geographic location of Puerto Rico and the U.S. Virgin Islands (USVI) makes them 
very vulnerable to being hit by hurricanes, as history has shown. And this includes Category 4 and 5 
hurricanes. It is the purpose of this study to use a state-of-the-art wave transformation wind-wave 
model, together with recently-acquired, high-density, bathymetry to ascertain what can be expected 
in a worst-case scenario, for the main ports, harbors, and bays in Puerto Rico and the USVI. Figure 
l shows the location of the ports and bays studied. 

METHODOLOGY 

The physics of wind wave transformation over very complex bathymetry, and its interaction 
with port and harbor structures, is very complex. And it becomes even more complex and difficult 
when forced by hurricane winds, for which not much is known to this day. There is no numerical 
wave model capable, to this day, of accurately modeling all of the factors involved in the wave 
transformation process. Boussinesq wave models are one option, but they require enormous 
computer resources, and they still suffer from the lack of wind input (though the author knows of at 
least one very recent attempt to include wind input in Boussinesq wave models). The other option 
are the spectral models, like the SW AN model (http://fluidmechanics.tudelft.nl/swan/default.htm). 
But until the last version that came out this year, wave diffraction was not included. And diffraction 
could be a factor to consider in regions of significant and sudden changes in depth, like it could 
happen inside bays and harbors. Not to mention that diffraction is certainly important close to man
made structures. 

With version 40.41 of the SWAN model an attempt has been made to include diffraction 
effects. Due to the fact that spectral models, by definition, do not include wave phase information 
(they are also called phase-averaging models, while the Boussinesq models are called phase
resolving models), the inclusion of physics which are explicitly dependent on phase information 
(like diffraction) has to be done in a very approximate way. The new version comes with a wave 
diffraction test case (the classic one of constant depth diffraction by a semi-infinite wedge), though 
no comparison is made with the known analytic and/or numerical solutions to this problem. In the 
bulletin board of the model it is acknowledged that the inclusion of diffraction is still in an 
experimental stage, and that much testing still remains to be done. It should be stated that the 
inclusion of diffraction is an option in the model, and that its best use requires more memory, and 
CPU, resources than its non-inclusion. This involves the use of a very finely discretized wave 
angular spectrum. In this study a compromise was made in that the highest angular resolution that 
could be accommodated with the available RAM memory in the PC used (4 GB) was used. The 
larger the computational domain, the smaller the resolution. But never a resolution smaller than 15° 
was used. For most of the computational grids, especially for the nested ones, we could afford an 
angular resolution of 3°. It is for this reason that a qualitative test was made in which a small 
computational grid (Puerto de Yabucoa) was utilized to make comparison runs with no diffraction, 
and diffraction with angular resolutions of 15°, 3°, and 0.5°. This is discussed before. 

Since the objective is to estimate what could be expected under a worst-case scenario, the 
following approach was followed. For boundary conditions for the model (significant wave 
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he ight, Hs, peak wave period, Tp) we used the results of a study (Hurricane Hazard Information fo r 
Caribbean Coastal Construction) sponsored by the Organization of American States 
(http://cdcm.methaz.org/cdcm/index.html/) in which Maximum Likelihood Estimates of I-ls and Tp 
values are given all along the Caribbean basin, for different return periods. In our case we limited 
ourselves to the I 00-year return period. The above study also gives the 100-year MLE fo r I 0-
minute averaged winds, which were the values used when wind fo rcing was required. In all of the 
simulations where wind forcing was used it was assumed that it was constant in time, magnitude, 
direction, and in space. For the largest computational grids the constancy in direction and space is 
not a completely accurately scenario. Hurricane winds can be considered constant in direction and 
in space only fo r the smaller grids. The fac t that hurricane winds follow curved trajectories tends to 
reduce the fetch. So in this sense, when using "constant" hurricane forcing for large computational 
grids we should be getting conservative results. 

In the SWAN model the above values of I-l s and Tp are fit to a Jonswap-type frequency 
spectrum, which is then used as deep-water boundary condition, and is assumed constant along a 
whole boundary (typica lly the deep water boundary), or a section of it. A cosm(El- El p) directional 
distribution function was assumed, in which Elp is the peak wave direction, which was assigned by 
the user based on what was thought was the deep-water peak wave directions that could result in the 
worst case scenario inside the location under study. The defaul t value of m = 2 was assumed for all 
of the simulations, corresponding to a Directional Spreading (DSPR) of 3 I .5°. The Jonswap peak 
enhancement factor, y, was taken as 3 .3. 

The frequency spectrum was broken down into 19 frequency bins, going fro m a minimum 
wave period of 3 s, up to a maximum wave period of 20 s. 

In this report we will proceed as fo llows. The next section presents a brief overview of the 
SWAN mode l. This is fo llowed by a section describing the bathymetry used, fo llowed by a 
discussion of a qualitative diffraction test. Then we will present the mode l results, in a case by case 
basis. Fina lly, we will present the conclusions. 

The SWAN Model (Version 40.41) 

The fo llowing is directly taken from the SWAN link given above 
(http://fluidmechanics.tudelft.nl/swan/default.htm) . For further details one should go to that link, 
and also read the Users Manual. An important factor, which are verification tests, can be found at 
the link titled References. It suffices to mention that the SWAN model is a well-tested model, being 
used worldwide. 

Features of SW AN 

Physics 

SWAN accounts for the fo llowing physics: 

• Wave propagation in time and space, shoaling, refraction due to current and depth, 
frequency shifting due to currents and non-stationary depth. 
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• Wave generation by wind. 
• Three- and four-wave interactions. 
• White-capping, bottom friction and depth-induced breaking. 
• Wave-induced set-up. · 
• Propagation from laboratory up to global scales. 
• Transmission through and reflection (specular, diffuse and scattered) against obstac les. 
• Di ffraction. 

Some of the physics mentioned above are optional, so it should be stated that in our 
computer runs all of the above were included. The SWAN model that was run was the MS 
Windows version, with the inherent memory limitations that this implies. 

BATHYMETRY AND TOPOGRAPHY 

The bathymetry used for the preparation of the computational grids was a combinati on o f 
the National Ocean Service (NOS) data listed on http://poseidon.uprm.edu, and recently (200 1) 
acquired SHOALS data. In order to show the coverage density, for each location a posting o f the 
input data is shown. This is very important since no matter how good the wave model is, the results 
are as reliab le as the input data. For the south coast, between La Parguera and Bahia de Jobos no 
SHOALS data could be obtained by both the US Army Corps of Engineers and by the USGS. The 
reason is unknown. But for th is same coast there exist relatively good coverage by NOS data. For 
the rest of the coast SHOALS is available, but in some areas, again, there is no coverage, in th is 
case because of turbidity problems. You can see the areas of SHOALS coverage by the high density 
of points in the fi gures showing the posting of the points. 

For the preparation o f the computational grids, sub-aerial data (topography) was also used. 
But since some of the simulations involved adding the estimated 100-year return period storm surge 
e levations to all Mean Sea Level (MSL) water depths, this created some inland flooding over which 
the model could propagate waves. The topography used is the same, old and unreliab le. Digital 
Elevation Model from the USGS available fo r Puerto Rico, with a cell size of 30 meters. Since the 
purpose of the study did not envision including wave propagation over flooded land, it was decided 
to, once the computational grid was prepared, set all land elevations (z values greater than 0) to a 
constant value of 10 m above MSL, above all storm surge elevations expected. This eliminates the 
possibil ity of wave propagation over flooded land. For open coastlines this does not make much of a 
di ffe rence, but in protected coastlines it could lead to an underestimation of the wave he ights 
reaching the protected shoreline. The reason is very simple (see Figure 2) . If the section of land 
between Points B and C in the fi gure is not flooded then the a wave train approaching Point A will 
be completely dissipated when it reaches the fi rst land value at B. This implies that the wave he ight 
at Point D would be based (apart from waves reaching Point D from the left) on the e ffect o f wind 
over the fetch CD, but starting with a wave height of zero meters at Point C. But if the piece of land 
between Points B and C is flooded then the wave height at Point C will be greater than zero, 
allowing for a greater wave height at Point D (i f water depth allows it). So this is a caveat to have in 
mind when considering the wave heights inside protected shorelines. 
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DIFFRACTION TEST 

Since wave diffraction could be expected to play an important role in some of the locations 
studied, a qualitative test was made to see if it really made a difference. This was done at the Puerto 
de Yabucoa location, shown in Figure 3. Runs were made with no diffraction, and diffraction with 
angular resolutions o f 15°, 3°, and 0.5°. By this is meant that the angular spectrum is broken down 
into bins of 15, 3, and 0.5 degrees in width. Figures 4, 5, 6 and 7 show the wave height fi eld ins ide 
the port with the no diffraction, and diffraction with angular resolution of 15°, 3°, and 0.5°, 
respectively. The figures show the expected qualitative behavior. The no-diffraction case shows the 
typical narrow "beams" of energy expected for thi s case, while the other figures shovv how the 
energy concentrated in these "beams" is laterally diffused as diffraction effects are more accurate ly 
simulated. The fi gures show that there is not much diffe rence between the results for angular 
resolution of3° and 0.5°. Figure 8 shows a slice of the wave height field taken between Points A 
and B where this effect can be quantitatively seen. 

Based on these results, the goal was to do all s imulations with an angular resolution of 3°. 
But sometimes this became an impossibility clue to memory limitations, in which case we were 
forced to reduce the angular resolution from 3° to 15°. This was a function of the computational 
grid size. All of the depth contour maps show grid information along the top margin, including 
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RESULTS 

For each location the model was run using as deep-water boundary conditions the I 00-year 
MLE of Hs and Tp as obtained from the WEB page mentioned above. Two, and in some cases, up 
to three peak wave directions were modeled, obviously all having a component of propagation 
towards the location of interest. Each of the above runs was made twice, with and without wind 
forcing. The case of no wind forcing simulates the effect of a strong hurricane passing sufficiently 
far away from the location so that wind plays no role, and we just simulate the free propagation of 
the waves towards the location. The wind forcing, as mentioned above, was taken as the 100-year 
MLE for that location, and was assumed constant in space, direction, and time. In the simulations 
where wind forcing was included the I 00-year storm surge was added to the MSL water depths. The 
simulations with no wind forcing were done with MSL water depths (no storm surge component). 
Although the WEB page from which the MLE of Hs, Tp, and wind also contained the I 00-year 
MLE of the storm surge, the values used were the ones obtained by Mercado (1994). This was so 
because the Mercado results were obtained with a higher resolution, and more detailed, storm surge 
model than the model used to obtain the results listed in the WEB page. 

We will start with San Juan Bay and move clockwise along the main island, followed by 
Culebra, St. Thomas, and then St. Croix. For those locations where a nested grid is used, results will 
be first presented for the outer grid, followed by the results inside the nested grid. The computations 
inside the nested grids are made using the output from the outer grids along the boundaries of the 
nested grid, as explained in the SWAN User's Manual. This output consists of two-dimensional 
spectral information. 

Results will be presented in two ways: I) Filled contour plots of Hs on top of which deoth 
contour plots are overlaid, and 2) Hs values along selected "slices" (or transects) as shown in the 
figures. It should be mentioned that the depth contour plots overlaid on top of the Hs contour plots 
show the depth under MSL conditions, even for the simulations in which a storm surge has been 
added. Another thing to have in mind is that we are showing the results for the significant wave 
height, Hs, and that it should be understood that this implies the presence of higher waves capable 
of inflicting damage. And since we are interested in the very nearshore wave field, it should be 
understood that in very shallow waters the wave height is a function of water depth, irrespective of 
the wind speed. Since we have tried to show quantitative results by taking slices across Hs surfaces, 
and these slices are taken as close to shore as possible, then variations in Hs along the slice mainly 
reflect depth variations along the slice. 
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SAN JUAN BAY 
Figure 9 shows the locations where depth and land elevation values were ava ilable fo r 

preparing the San Juan Bay computational grid. It should be stated that the bathymetry used is from 
the early 1990' s and does not reflect changes due to dredging. The highly-packed blue va lues 
reflect the SHOALS data from 200 I. The more sparse values to the north are the NOS va lues 
available in http://pose idon.uprm.edu. And this will be the same for all of the locations where 
SHOALS data is available. 
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Figure 9. Posting showing location of bathymetry and topography values for San Juan Bay. 

Figure IO shows the depth contour map based on the computational grid used. Transects I to 
7 are used to take a "slice" through the wave height field in order to help in quanti fy ing how the 
waves entering through the bay entrance vary at different locations inside the bay. Figures 11 to 13 
show contour plots of the Hs fi eld inside the bay for the conditions indicated along the top of each 
figure. It remains to explain the convention used for wind and wave directions. The directions given 
along the top margin of the figures indicate the direction towards which the wind blows and waves 
propagate to. And 0° points towards the East, increasing in a counterclockwise direction. Also. not 
all fi gures are drawn with the same color sca le for the right-hand-side co lorbar. 
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Figure 12. Hs contour 1Jlot for San Juan Bay based on the scena rio listed a long the top margin of figure. 
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Figure 13. Hs contour plot for San Juan Bay based on the scenario listed along the top margin of figure. 
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The results show that the entrance to San Juan Bay serves as a choke point protecting the 
interior of the bay from larger waves propagating fro m offshore. This is quantitative ly shown in 
Figures 14 and 15. With no wind fo rcing, waves in the interior of the bay rapidly decrease to I 111, or 
less, in height. With wind forc ing with a component along the longer axis of the bay. waves can 
reach 2 m along the southernmost part (Puerto Nuevo Docks). Thi s corroborates what was observed 
during Hurricane Hugo in 1989, when those docks experienced structural damage due to waves. For 
Transects 6 (San Antonio Channel) and 7, with the wind direction assumed, the figures re fl ect the 
effect of wave growth with wind fetch, with the fetch starting along the south coast o f the lsleta de 
San Juan. 
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Figure 14. Hs variation along the "slices" shown in the legend. 
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FAJARDO 
Figure 16 shows the locations where depth and land elevation values were available for 

preparing the "Fajardo" computational grid. The three locations of interest are shown in Figure 17 
(the three nested grids). The east coast of the island is fronted by a very wide shelf (compared with 
the ones along the rest of the coasts), forcing the use of nested grids inside a large computational 
outer grid. Figures 17 shows the depth contour plot made from the data shown in Figure 16. For the 
east coast it was desired to evaluate waves propagating in from the northeast, north, and southeast 
(the south direction was considered only for the Ceiba-Ensenada Honda-Roosevelt Roads bays, and 
was done on a separate set of runs that follow). Because of its large extension, it was necessary to 
break the computational grid shown in Figure 17 into two smaller grids, as shown in Figures 18 and 
19, and named "Fajardo NE" and "Fajardo SE", respectively. The grid of Figure 18 was used for 
waves propagating from the northeast and north, while the grid of Figure 19 was used for the case 
of waves propagating in from the southeast. 

The nested grids are named as Fajardo North (covering approximately from Playa Sardinera 
south to Punta Barrancas; all of the area is known as Bahia de Fajardo; see Figure 20), Fajardo 
Center ( covering Bahia Demajagua - where the Puerto del Rey Marina is located; see Figure 21 ), 
and Fajardo South ( covering Ensenada Honda - also known as Roosevelt Roads - and Bahia de 
Puerca; see Figure 22). The figures show the location where "slices" of the wave height field will be 
taken. 

FAJARDO NE 

The results for "Fajardo NE" (see Figures 23 to 38) show the important role that the chain of 
small islands (known as La Cordillera) between Punta Las Cabezas de San Juan (Fajardo) and the 
island municipality of Cu le bra play in absorbing and scattering wave energy coming from the 
northeast and north. But this protection is weaker along the western section of the island chain, 
allowing some heavy surf to reach all the way south to "Fajardo Center''. As expected, the 
combination of storm surge plus wind forcing brings the worst scenarios. 

FAJARDO SE 

The results for "Fajardo SE" (see Figures 39 to 46) show the protection afforded by Vieques 
Island, with the possible exception of the "Fajardo North" basin, to the "Fajardo Center'' and 
"Fajardo South" basins. The waves reaching the nested grids are mostly wind-generated along the 
fetch starting along the north coast of Vieques. 

Let us now look at each nested grid individually. 

Fajardo North: 

Figure 47 (slice for Fajardo North) shows that, while well protected for the case of no storm 
surge and no wind, the inclusion of both of these factors leads to significant wave heights of more 
than 2.5 m close to shore for all of the wave directions considered. 
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FAJARDO, PUERTO RICO 
POSTING OF BATHYMETRY AND TOPOGRAPHY 
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Figure I 6. Posting showing location of bathymetry and topography values for the location named "Fajardo". 

Fajardo Center: 

Figure 48 (slice for Fajardo Center) shows the same result, with Hs values above 3 111 

reaching the exposed side of the breakwater protecting the Puerto del Rey Marina under wind and 
storm surge conditions. The best protection is fo r waves from north. 

Fajardo South: 

Figure 49 (slices for Fajardo South, inside Ensenada Honda - Roosevelt Roads) shows large 
waves(::: 2 m) fo rming deep inside the bay (Transect 2) under wi nd and storm surge conditions 
irrespective of the direction of the wind and offshore waves. The wave directions inside the bay 
under wind forcing seem to show that the large waves are locally generated, that is, are fo rmed 
inside the bay by the strong wind forc ing. As expected, it is fo r waves and wind from the southeast 
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that conditions are the worst. In this case I-l s values can be larger than 3 m along Transect 2 located 
along the middle of the bay. 

FAJARDO; DEPTH CONTOURS (M) 
(Xmm = 283,960: Ym,n = 223,120; Xmax = 335,960; Ymax = 260000) 
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Figure 17. Depth contour plot of origina l " Fajardo" computational grid. 
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Figure 18. Depth contour plot of the outer computational g rid named "Fajardo NE". Waves from the northeast 
and north a rc to be considered for this grid. 
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FAJARDO. DEPTH CONTOURS (M) 
(Xmln = 283,960; Ymin = 2.23, 120; Xmax = 335,960: Ymax = 260000) 

(519 rows X 521 columns. dx = 100. dy = 80 m) 
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Fig ure 19. Depth contour plot of the outer computational grid named "Fajardo SE". Only waves from the 
southeast arc to be considered for this grid. 
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Figure 20. Depth contour plot for Fajardo North nested computational gr id. 
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Figure 21. Depth contour plot for Fajardo Central nested com [lntational g rid. 
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Figure 23. 
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Figure 24. Hs contour plot for nested Fajardo North based on the scenario listed along the top margin of figure. 
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Figure 25. Hs contour plot fo r nested Faja rdo Center based on the scenario listed a long the top ma rgin of figure. 
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FAJARDO. WAVE HEIGHT (M) 
Hs = 7 8 m. Tp • 10 8 s, Wave Dir a 230• 
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Figure 28. Hs contour p lot for nested Fajardo North based on the scenario listed a long the top margin of figure. 
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Figure 29. Hs contour p lot for nested Fajardo Center based on the scenario listed along the top margin of figure. 
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Figure 31 . Hs contour plot for Fajardo NE based on the scenario lis ted a long the top margin or figure. 
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Figure 33. Hs contour plot for nested Fajardo Center based on the scenario listed a long the top margin of figure. 
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Figure 36. Hs contour plot for nested Fajardo North based on the scenario listed along the top margin of figure. 
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Figure 37. Hs contour plot for nested Fajardo Center based on the scenario listed along the top margin of figure. 

2.w.000 

2·0 .500 

:; 
~ 2-U.000 

i 
V. 
[ W.500 

~ 
z 
:: 2• 2.000 

241.500 

W .000 

I' I\JAIUX) SOU-I II: WAVE IIEICH IT(~I) 
N Ifs 7.8 111, l"p 10.S \, Wn,~ Dir 270"' 

NESTED GRID Swrm '\11,yc - l.1 111. Wind Spc1.'\l - 121 mph. Wi1lll llir - 270' 

2J U.000 ~--r--
2RJ.000 2XJ5 00 2X5.000 28~.~00 286.000 2R6.500 2R7.000 2R7500 288,000 ! RX.500 

1:1\ST INC.S (l'l(S I' NADS3 \1) 

3.6 ,\ 1 

E 

2.4 E 

2 1 I{ 

1.8 s 
1 5 

1.2 

0.9 

06 
0.3 

0 

Figure 38. I-ls contour plot for nested Fajardo South I.Jased on the scenario listed along the top margin of figure. 

27 



255000 

Center 

250000 

~ 
§ 
~ 245000 
a. 
~ Sou1h 

!!:. 
f5 240000 
z 
:i: 
l
a:: 
~ 235000 

225000 

SE 

FAJARDO: WAVE HEIGHT (M) 
Hs= 7.6m. Tp= 11 s. WaveDir =130" 

Storm Surge = 0 m, Wind Speed = 0 mph. Wind Dir = NA 

265000 290000 295000 300000 305000 310000 315000 320000 325000 330000 335000 
EASTINGS (PRSP NAD83 M) 

64 

6 
76 
7.2 
6.6 
64 
6 
56 M 

52 E 
48 
4.4 T 

4 E 
36 
3.2 R 

2.6 
2.4 

s 

2 
1.6 
1 2 

0.8 
04 
0 

Figure 39. Hs contour plot for Fajardo SE based on the scenario listed along the top margin of figure. 
FAJARDO NORTH: WAVE lt f>IGII r (M) 
11" • 8.1 m. f1> .. 11 s, Wnvc Dir .. 130, 

Ni~TED GRID S1onn Suri;c 0 111. Wind Speed 0 m1~1. Wind Dir NA 

V $ l -(') •. 
. ~~ . \ ·~)~ ~f 

• J . . / . ""----v . ,-:; 
, 11\:l )1/~J ·:. a& .• 

-~ .·:. ivJ.(1\ 
~&., ,.. (] :. • "",~ 

lif!ffep '.~ ' ·~~ 
✓ \_ f:-1 ; 
~ ~·~Q\t.,o. . e 
-· ,\\- - .., 

,·l ~ ,-./ 
/i' Cl -; 

~ m.ooo 

u 
(j 256.000 

~ m.soo - ~I\_~ 

25-1.500 

2HOOO ~ 
284.000 28,1.500 2S5.000 285500 2X6.000 286.SOCI 287.00C) 287.500 

l:1\S01 INGS ( l'RSI' N/\DSJ Ml 

16 

1 5 

1.4 

1.3 

1 2 

1.1 

09 

06 

07 

06 

05 

04 

03 

02 

0 1 

0 

M 

E 

E 

R 

s 

Figure 40. Hs contour plot for nested Fajardo North based on the scenario listed a long the top margin of figure. 
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Figure 42. Hs contour plot for nested Fajardo South based on the scenario listed a long the top margin of figure. 
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Figure 44. Hs contour plot for nested Fajardo North based on the scenario listed along the top margin of ligurt'. 
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ENSENADA HONDA, CEIBA 
Figure 50 shows the locations where depth and land elevation values were ava ilable fo r 

preparing the Ensenada Honda, Ceiba (previously known as the Roosevelt Roads Navy Base) 
computational grid. 
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Figure 50. Posting showing location of bathymetry and topography va lues for Ensenacla Honda, Ceiba. 

Figure 51 shows the depth contour plot for the outer computational grid for this location. 
and an outline of the nested grid to be used. Figure 52 shows the computational grid for the nested 
grid centered on Ensenada Honda Bay and Bahia de Puerca. The figure also shows the location of 
the three "slices" to be taken to quantify the wave heights. For this location waves and wind fro m 
the southeast and south will be used. 

Figures 53 to 60 show the Hs fie ld for the cases outlined along the top margin of each figure. 
This location is a good example showing the role that entrance channels play in allowing higher 
waves to enter into the bays and ports. Figure 6 1 shows the Hs variation along the slices inside 
Ensenada Honda Bay. It is not surprising that with such a wide entrance, when hurricane winds 
blow with a component along the axis of the entrance channel, large waves(~ 2.5 111) can 
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Figure 54. Hs contour plot for (nested) Ensenada Honda, Ceiba, based on the scenario listed a long the top 
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Figure 55. I-ls contour plot for Ensenada Honda, Ceiba, based on the scenar io listed a long the top margin of 
figure. 
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Figure 56 . . I-ls contour plot for (nested) Ensenada Honda, Ceiba, based on the scena rio listed a long the top 
margin of figure. 
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Figure 57. Hs contour plot fo r Ensenada Honda, Ceiba, based on the scenario listed a long the top margin of 
figu re. 
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Figure 58. Hs contour plot for (nested) Ensenad a Honda, Cciba, based on the scenario lis ted a long the top 
margin of figure. 
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Figure 59. Hs contour plot for Ensenada Honda, Ceiba, based on the scenario listed along the top margin of 
figure. 
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Figure 60. Hs contour plot for (nested) Ensenada Honda, Ceiba, based on the scenario listed along the top 
margin of figure. 
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penetrate deei into the back bay. And Figure 62 shows that Bahia de Puerca is even more exposed, 
allowing waves larger than 3 .5 m to reach well inside. Both figures show the largest heights 
occurring on the entrance channels. 
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PUERTO DE YABUCOA 
Figure 63 shows a posting of the locations where bathymetry and topography values are 

available for the computational grid. Figure 64 shows a depth contour plot for the computational 
grid. Also shown is the outline of the nested grid. Figure 65 shows a depth contour plot of the 
nested grid. Also shown is the location where Hs slices will be taken. 

Only one wave and wind direction was run for this case since it is obvious that the worst 
scenario will be for waves aligned with the wind, both coming from a southeasterly direction along 
the entrance channel. Figure 66 shows the Hs field for the case of no storm surge and no wind, and 
Figure 67 shows the results for the nested grid. Figure 68 shows the results for the scenario of both 
storm surge and wind forcing, and Figure 69 shows the corresponding results for the nested grid. 

Figure 70 shows that the port is well protected under no wind conditions. But once strong 
winds are aligned with the entrance channel then waves close to 2 m in height can be expected 
inside. It should be noticed that while Transect 2 and 3 results with no wind are basically the same 
in wave heights, once wind starts blowing the results for Transect 3 (farther inside the port) become 
larger than for Transect 2. This implies that the difference is due to the longer fetch for Transect 3 
(relative to the port entrance) and, hence, to local effects. 

42 

7 
7 
1 
l 
7 
7 
7 
7 
7 
7 
7 

J 

7 
7 
1 
7 
7 

, 
] 

7 



Y. 

< .!!J.oo.• 
z 
~ 
"' ==- 11~.lk~l 
~ 

~ 
.'?l.! 0 0(1 

.!1 9.01'0 

.!ll< IIUl 

1'111:lt Io 1>1· Y,\1111~11.\ 1'111 IU (J IHl< I 
J•,,~IIN(iOI HA IIIYMl· l l<Y \ NI> 1,1PtU.,1lll\PIIY 

FASI IN<•"' tl'l(~I' N \l)!{l t-.11 

Figure 63. Posting showing location of bathymetry and topography values for Puerto de Yabucoa. 
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Figure 67. Hs contour plot for (nested) Puerto de Yabucoa, based on the scenario listed a long the top margin of 
the figure. 
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Figure 68. Hs contour plot for Puerto de Yabucoa, based on the scenario listed along the top margin of the 
figure. 
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Figure 69. Hs contour plot for (nested) Puerto de Yabucoa, based on the scenario listed along the top margin of 
figure. 
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JOBOS BAY & PUERTO LAS MAREAS 
I 

Figure 71 shows a posting of the bathymetry and topography data points. As mentioned 
above, from this location westward the SHOALS (nor another attempt by the USGS) worked, so 
along the south coast we will be using NOS ship data from the l 960's and l 970's. Figure 72 shows 
a depth conto1;1r plot for the outer computational grid, also showing the outline of the two nested 
grids for Jobos Bay (largest) and Puerto Las Mareas (smallest). Figures 73 and 74 show depth 
contour plots for the two nested grids. The figures also show the transects along which the Hs slices 
are going to b~ taken. 

! 

Figures 75 to 86 show the results for these locations. Both locations are well protected from 
waves from offshore, in the Jobos Bay case by the offshore chain of low-lying mangrove islands, 
and in the Las' Mareas case by the choke imposed by the narrow entrance. 

Jobos Bay: 

In Job6s, once you add a storm surge and wind then waves become higher, or equal to, 2 m 
inside the bay~ even in the transect further inside the bay (#3). The western side of Transect I (near 
Point A) is more exposed due to the wider inter-island gap among the protecting offshore islands. 

! 

Puerto Las Mareas: 

i 

Las Mareas is well protected due to its narrow entrance, with the highest waves on the order 
of 1.5 m well inside the port even under wind and storm surge conditions. And the entrance jetty 
seems to also play a role in the protection since it trends towards the southwest. 
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Figure 71. Posting showing location of bathymetry and topography values for Jobos Bay and Puerto Las Mareas. 
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Figure 75. Hs contour plot for Jobos Bay and Puerto Las Mareas, based on the scenario listed along the top 
margin of figure. 
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Figure 76. Hs contour plot for (nested) .Jobos Bay, based on the scenario listed a long the top margin of figure. 
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Figure 82. Hs contour plot for (nested) .Jobos Bay, based on the scenario listed a long the top margin of figure. 
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Figure 84. Hs contour plot for Jobos Bay and Puerto Las Marcas, based on the scenario listed along the top 
margin of figure. 

54 



i ,.., 
"" C 

~ 2 12000 

~ 
::,: 
e:. 
:/l 
0 
~ 

~ 
:::: 
0 z 

2 10000 

209000 

JOUOS BAY: \V1\VE II EICi llT (M) 
I ls ~ 7.7 111. Tp • 10.7 s. Dir • 70° 

Stonn Surge 2.-17 111. Wind Sp,:cd 120 mph. Wind Dir 7W 

22 1000 222000 223000 224000 225000 226000 227000 

EASTINGS (PRSI' N/\D83 M) 

8.8 

7.2 
6.8 
6.4 111 
6 
5.6 I; 

5.2 
T 

4.8 
4 .4 E 

14 
R 3.6 

3.2 s 
2.8 
2.4 

2 
1.6 
1.2 
0.8 
0.4 
0 

Figure 85. I-ls contour plot for (nested) Jobos Bay, based on the scenario listed along the top margin of figure. 
LJ\~ \I\KI.., \ '- W,\VI tll l(1ll f fMI 

11.s 7.1m. lr IU.7, \\ ,m: l>it 70 

:1100:., 

::11,U.K) 

:11:1:v 

! IIIQtlll 

!IOIW 

:111100 

1 11)6110 

:? 1051.k.l 

llO llX) 

"1'1r..'fm ' UF£~ :?.17 m. \\ ,nd \ra--d 120 mph. \\ mJ 011 70 

:''.?l60U ~S700 !ll..~ "!:!900 .!:<>000 !~100 2.'9:00 "!-"9300 :?~100 

I..A,IIM,,ll1<,f'"Ml>ttl \ It 

1

:5 
55 

15 \I 

4 s, 
4 I 

351 

J It 

25~ 

1 5 

1: s 

Figure 86. Hs contour plot for (nested) Puerto Las Mareas, based on the scenario listed along the top margin of 
figure. 

55 



4 0 

35 

30 

25 

~ 
B 
i 

,.o 

15 

1.0 

0.5 

JOOOSOAY ,------- -------------~ 
(3-- - - E) TRANSECT 3,STORMSLRc.E 4'WN>,W,WESf'ROMSW 

-t-------'---'---"-----'---L--"-'-.:.....--'---L--'---1 G---------0 TRANSECT 3,UO S TORM SlRGE 4 HOV,H), WAVES FROM 9N 

... - -4. TRANSECT2, STORMSl.RCE&wt0,WAVESFR'OM9N 

A; A TRANSECT 2,NO STOOM ~ & NOwtO, WAVES FROM SW 

• - - • TRN-6:ECT 1,STORMSl.RCE&'WN>.WAVfSFROMSN 
• • TRANSECT 1, UC) S TORM SlftOE & NOwtD, WAVES FRC'-1 SN 

1000 

OCSTANCE EETY•.«HPOMS A NC) O(M) 

TRANSECT J,STORMSl.ROE&\'lfO.WAVESFROMS 

TfWGCT 3,NO STORM su:t0E & N0Wt¥J, WAVES FROM S 

TRANSKT 2,STORM Sl.RGE & \'Wt>, WAVES FROM S 

TRANSECT 2,HO STORM~ & NOV..9.(), WAVES FROt.l S 

IRANSE'CT 1, STORM 51.RGE 4 wt.(), WAVES FROM S 

POl<TB 

1250 1S00 17'0 

Figure 87. Significant wave height "slices" for .Jobos Bay. 

6 ... 
:,: 
C, 
w :,: 

~ 
3: 

Pt.ERTO LAS UARfAS 

1$ +~-~---"-'--'-'-.._.._._ ...... _..._..,__..,_..,_--'------'--'------"-'-----.:.....-----+-

\ 

20 

1.5 

1.0 -
05 

50 100 150 

POl<TO 

'°" TRAHS£CT I 

.. - - • TRANSECT2, STORMSl.RCE.!.wtlJ,WAV6FROMSV'I 

• • TRANSEC1'2,P,OSTORMSI.RCE&NO\'WIJ,WAVESFROMSIH 

•--• TRANSECT1,STORMSlRGE.Swt.().WAVESFROMSIH 
• • TRANSECT 1,NOSTORMSlRC.f ,1,NO'Wll>,WAVESfROMS.-V 

TRANSECT 2, S TOOMSlftGE&\'WD,WAVESFR'OMS 

TRANSECT 2, NOSTORMSU'iCE.S NO'WIO,WAYESFROM S 

TRANSECT 1, STORM SLRoe & WtD, WAVES FROM S 

TRANSECT 1,NO STOOM SLRGE 3. NOV ... (), WAVES FROM S 

300 350 

PCO<TB 

Figure 88. Significant wave height "slices" for Puerto Las Marcas. 

56 



r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 

PONCE BAY 
Figure 89 shows a posting of the bathymetry and topography data values. Figure 90 shows a 

depth contour plot of the outer computational grid, and the outline of the nested grid. Figure 91 
shows the depth contour plot of the nested grid, and the "slice" along which Hs values are taken. 

Figures 92 to 99 show contour plots of the Hs field for the simulations carried out and 
described along the top margin of each figure. The results shown in Figure I 00 for Transect I show 
that the bay is relatively well protected between Points A and B, basically because of its shallow 
depths. Under storm conditions wave heights increase to more than 2 m between Points Band C, 
which is mairily a reflection of the increasing depth along these two points. Transect 2 shows this 
section to be exposed to very large waves under storm conditions. In deeper waters inside the bay 
wave heights can become higher than 3 m under storm conditions (see Figures 97 and 99). Thus 
Ponce Bay is relatively well exposed due to the fact that under hurricane conditions we can expect 
waves on the order of 3 m to penetrate well inside the bay in its deeper areas. 
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Figure 92. Hs contour plot for Ponce Bay, based on the scenario listed a long the top margin of figure. 
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Figure 93. Hs contour plot for (nested) Ponce Bay, based on the scenario listed along the top margin of figure. 
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Figure 94. Hs contour plot for Ponce Bay, based on the scenario listed along the top margin of figure. 
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Figure 95. Hs contour plot for (nested) Ponce Bay, based on the scenario listed a long the top margin of figure. 
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Figure 96. Hs contour plot for Ponce Bay, based on the scenario listed along the top margin of figure. 
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Figure 97. Hs contour plot for (nested) Ponce Bay, based on the scenario listed a long the top margin of figure. 
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Figure 98. Hs contour plot for Ponce Bay, based on the scenario listed along the top margin of figure. 

62 



PONCE BAY WAVE HEIGHT (M) 
Hs = 7 4 m. Tp = 10 5 S, D,r = 45• 

Storm Surgo = 2.07 m, Wnd Speed= 110 mp~. Wind D,r = 05• 

2 16400 .,_ -r , 
216200 I L ; 1 1 .I 
216000 ':1/\Lf I'- I ! 

~ 

179000 179200 179400 179600 179800 180000 180200 180400 180600 180800 

EASTINGS (PRSP NAD83 M) 

5 
48 
46 
44 
4 2 
4 
38 
36 
3 4 
3.Z 
3 
28 
26 
24 
22 
2 
1 8 
16 
1 4 
1 2 
1 
0.6 
06 
0.4 
02 
0 

Figure 99. Hs contour plot for (nested) Ponce Bay, based on the scenario listed along the top margin of figure. 
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GUA YANILLA BAY 
Figure l 0 l shows a posting of the locations for the bathymetry and topography values. 

Figure I 02 shows a depth contour plot of the computational grid, and also shows the outline of the 
nested grid. Figure I 03 shows a depth contour plot of the nested grid computational grid, including 
the location of the "slices" to be used. 

Figures I 04 to 115 show contour plots of the Hs field for the simulations carried out and 
described along the top margin of each figure. This bay is another good example of how the 
entrance channel facilitates wave energy penetration into the bay. Figures 116, 117, and 118 show 
the results from the three slices shown in Figure I 03, from the southeast, south, and southwest, 
respectively. The figures show that once inside the bay, the wave field is practically the same no 
matter the deepwater wave direction. For this bay the shelf break lies close to the bay entrance. We 
can see large waves (~ 3 m) penetrating deep inside the bay under wind and storm surge conditions, 
along the deeper parts of the bay. It is only in the eastern side of the bay, sheltered by Punta 
Guayanilla and in shallower waters, that some protection can be seen. Waves from the south seem 
to produce the highest waves inside the bay. 
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Figure I 01. Posting showing location of bathymetry and topography va lues for G uayani lla Bay. 
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Figure 104. Hs contour plot for G uayanilla Bay, based on the scenario listed a long the top marg in of figure. 
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Figure 105. Hs contour plot for (nested) G uayanilla Bay, based on the scenario listed along the top margin of 
figure. 
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Figure I 06. Hs contour plot for Guayanilla Bay, based on the scenario listed along the top margin of figure. 
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Figure 107. Hs contour plot for (nested) Guayanilla Bay, based on the scenario listed along the top margin of 
figure. 
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Figure 108. Hs contour plot for G uayanilla Bay, based on the scenario listed a long the top margin of figure. 
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Figure I 09. Hs contour plot for (nested) Guayanilla Bay, based on the scenario listed a long the top margin of 
figure. 
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Figure 11 0. Hs contour plot for Guayanilla Bay, based on the scenario listed along the top margin of figure. 
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Figure 111. Hs contour plot for (nested) G uayanilla Bay, based on the scenario listed along the top margin of 
figure. 
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Figure 112. Hs contour plot for Guayanilla Bay, based on the scenario listed along the top margin of figure. 
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Figure 113. Hs contour plot for (nested) G uayanilla Bay, based on the scenario listed along the top margin of 
figure. 
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Figure 11 4. Hs contour plot for G uayanilla Bay, based on the scenario lis ted along the top margin of figure. 
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Figure 115. Hs contour plot for (nested) Guayanilla Bay, based on the scenario listed along the top margin of 
figure. 
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GUANICABAY 
Figure 119 shows a posting of the locations of bathymetry and topography values. Figure 

120 shows a depth contour plot of the computational grid, and also the locations where "slices" of 
Hs will be taken. Figures 121 to 124 show the results for offshore waves propagating from the 
southeast and south. The southeast direction was chosen since wind blowing from that direction will 
blow along the long axis inside the bay. The figures show how the long and narrow entrance chokes 
the propagation of wave energy coming from the outside, even under storm surge and wind 
conditions. 

Figure 125 shows the Hs values along the slices. The figure shows the bay is relatively well 
protected even under storm surge and wind conditions. The long and narrow entrance cuts-off 
almost all of the wave energy received at Transect 1. Near Point B of Transect 2, under wind from 
the south, only waves of 1.5 mare observed just offshore of the Guanica town "malec6n" (or 
seawall). Deep inside the bay (Transect 3) waves on the order of 1.5 mare observed as a maximum. 
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Figure 121. Hs contour plot for Guanica Bay, based on the scenario listed a long the top margin of figure. 
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Figure 122. Hs contour plot for G uanica Bay, based on the scenario listed a long the top margin of figure. 
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Figure 124. Hs contour plot for Guanica Bay, based on the scenario listed along the top margin of figure. 
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BOQUERON BAY AND PUERTO REAL 

Figure 126 shows the locations where bathymetry and topography values are available. 
Figure 127 shows a depth contour plot of the computational grid for this location. It also shows the 
outline ofthe

1
two nested grids used: Boquer6n Bay and Puerto Real. Figures 128 and 129 show 

depth contou~ plots for the two nested computational grids. Both figures show the locations of the 
slices to be taken. 

I 

It should be mentioned that inside Boquer6n Bay there are problems with the bathymetry 
coverage. Thi~ is reflected in the strange depth contours seen along the eastern side of the bay in 
Figure 128. This is due to the fact that the SHOALS coverage left gaps inside the bay that I tried to 
fill in with m~ch older (circa 1904) NOS data. Apparently there is a discontinuity in the z values 
that leads to the peculiar contour patterns seen in the figure. Hence, the Hs values along the transect 
(or slice) shown in this part of the bay (#3) should be taken with caution. 

I 
This location has, together with the east coast, the peculiarity of a wide island shelf, forcing 

the outer com~utational grid to extend approximately 25 km east-west and north-south. Figures 130 
to 141 show the results for the scenarios listed along the top margin of the figures. Two wave 
directions we{e considered: I) waves propagating from the southwest and, 2) waves propagating 
from the wesu 

I 

Boquer6n Bay: 

The entrance to this bay is somewhat protected by shallow depths, leaving an entrance 
I 

channel along: the north side of the bay and a slightly deeper south of it. The results (see Figure 142) 
show that thet:e is not much difference between the two offshore wave directions. Results for 
Transect I Uu~t outside the bay) show that waves 2 to 2.5 m can reach the bay entrance under no 
storm surge a~d no wind conditions. This is increased to 4 to 5.5 m under storm surge and wind 
conditions (ddcreasing from north to south). Once inside the bay (Transect 2) the values under no 

I 

storm surge and no wind conditions decrease to l - 1.5 m, increasing to 2.5 - 4 m under storm surge 
I 

and wind conditions (with peaks in the variability along the "slices" corresponding to where the two 
entrance chanhels lie). For the easternmost transect (#3) results vary from less than 0.5 m under no 
stonn surge aAd no wind conditions, up to l - 1.5 m under both conditions. But remember the 
caveat about the bathymetry in the region where Transect 3 is located. In general, the western half 
of the bay can! be impacted by waves higher than 3 m under extreme conditions. 

I 

Puerto Real: 1 

I 

Figure! 143 shows that results do not differ much between the two deepwater wave directions 
used. As a matter of fact, results for Transect l and 2 are the same for the case of no storm surge 
and no wind. It is only under storm surge and wind forcing that they differ, but not much. It can be 
seen that the Huerto Real village is well protected from waves even under storm conditions. 
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Figure 126. Posting showing location of bathymctry and topography values for Boquer6n Bay and Puerto Real. 
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Figure 130. Hs contour plot for Boqucr6n and Puerto Real Bays, based on the scenario listed along the top 
margin of figure. 
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Figure 132. I-ls contour plot for (nested) Puerto Rea l, based on the scenario listed along the top margin of figure. 
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Figure 133. Hs contour p lot for Boquer6n and Puerto Real Bays, based on the scenario listed along the top 
margin of figure. 
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Figure 135. I-ls contour plot for (nested) Puerto Real, based on the scenario listed along the top margin of figure. 
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Figure 136. Hs contour plot for Boquer6n and Puerto Real Bays, based on the scenario listed along the top 
margin of figure. 
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Figure 140. Hs contour plot for (nested) Boqucr6n, based on the scenario listed along the top margin of figure. 
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figure. 
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MAYAGUEZ 

Figure 144 shows the location of the bathymetry and topography values, while Figure 145 
shows a depth contour plot of the computational grid. This figure shows the "slice" along which Hs 
values will be taken. Results are shown in Figures 146 to 149. Two offshore wave directions were 
considered: waves from the west and from the northwest. 

This bay is another example where the entrance channel facilitates wave energy penetration 
into the northern half of the bay. And the shelf break lies close to the coastline. But once near shore, 

I 

the wave height is determined by the water depth. In deeper waters inside the bay, Hs values 
between 3 to 4 m in height can be seen in the figures along the northern part of the bay under no 
storm surge and wind conditions. Once storm surge and wind conditions are included then these 
values are increased to 4 to 6 m. These conditions are specifically seen north of the Yaguez River 
mouth. 

Figure 150 shows the variation of Hs along the "slice" shown in Figure 145. We should 
remember the caveat that, since we are in shallow water, most of this variability reflects depth 
variations al~ng the "slice". The figure corroborates the statement that it is the northern part of the 
bay which is most exposed, with Hs values varying between 1.5-2 m for the no storm surge and no 
wind condition, up to 3.5-4 m for the storm condition. 
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Figure 146. Hs contour plot for Mayagucz Bay, based on the scenario listed along the top margin of figure. 
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Figure 148. Hs contour plot for Mayaguez Bay, based on the scenario listed along the top margin of figure. 
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Figure 149. Hs contour plot for Mayaguez Bay, based on the scenario listed along the top margin of figure. 
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A GU AD ILLA 

Figure 15 I shows the location of bathymetry and topography values used for preparing the 
computational grid. Figure 152 shows a depth contour plot of the computational grid and the "slice" 
for obtaining Hs values. Figures 153 to 156 show the results for the different scenarios listed along 
the top margin of each figure. Two deepwater wave directions were considered: waves from the 
northwest and west. As expected, Aguad illa Bay is we ll exposed to waves propagating in from a 
window between north and approx imately, west. There is practica lly no she If front ing the city, 
allowing large waves(~ 3 111) to break very close to shore 
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Figure 151. Posting showing location of bathymetry and topography values for Aguadilla Bay. 

Again, keeping in mind that Hs variations along the "slice" will mainly reflect depth 
variations, Figure 157 corroborates the above statement about the exposure o f the bay. There is not 
much variation in the results between the two directions considered. 
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Figure 154. Hs contour p lot for Aguadilla Bay, based on the scenario listed a long the top margin of figure. 
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Figure 156. Hs contou r plot for Aguadilla Bay, based on the scenario listed along the top margin of figure. 
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ARECIBO 
Figure 158 shows the location of the bathymetry and topography values used to prepare the 

computational grid. Figure 159 shows a depth contour plot of the computational grid .. Two 
deepwater wave directions were considered: waves from the north and north-northwest. Figures 160 
to 165 show the results. This bay is also well exposed to big waves, as expected. Besides having no 
natural protection and being open to the North Atlantic, it has a very narrow shelf, allowing waves 
as high to 5 m to crash half a kilometer away, under no storm surge and no wind conditions. What 
seems to be an ancient Rio Grande de Arecibo mouth allows waves close to 3 .25 m in height to 
crash practically against the coast Figure 166 corroborates this. The best protected section lies 
between transect sections D-E-F, at the eastern side of the bay. 
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Figure 162. Hs contour plot for Arecibo Bay, based on the scenario listed along the top margin of figure. 
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Figure 163. Hs contour plot for Arecibo Bay, based on the scenario lis ted along the top ma rgin of figur e. 
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Figure 164. I-l s contour plot for Arecibo Bay, based on the scena r io listed along the top margin of figure. 
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Figure 165. I-ls contour plot for Arecibo Bay, based on t he scenario listed a long the top ma rgin of figure. 
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CULEBRA, ENSENADA HONDA 
Figure 167 shows a posting of the bathymetry and topography locations used in the 

preparation of the outer and nested computational grids shown in Figures 168 and 169, respectively. 
Figure 169 shows the locations for the Hs "slices". A large outer grid is required because of the 
extensive shelf east of Puerto Rico. Two deepwater wave directions were simulated: from the 
southeast and south. 

Figures 170 to 177 show contour plots for the Hs results. This bay is also very well 
protected from wave attack due to its very narrow, and relatively long, entrance channel, protected 
by fringing reefs. The figures show how the big waves are stopped right at the entrance to the 
channel. All of this is corroborated by Figure 178, showing the Hs variation at three different 
locations along the bay. Even under storm surge and wind conditions, Hs heights inside the bay are 
not higher than approximately 2 m. The fact that results are practically the same at Transects 2 and 
3 seems to imply that wave growth inside the bay between these two transects, under these very 
strong wind conditions, is happening. 

This conclusion about how well protected this bay is regarding wave action, when compared 
with the destruction brought about by Hurricane Hugo in 1989, where all types of boats and yachts 
could be seen scattered all along the shoreline surrounding the bay, implies that this havoc was due 
to the combination of storm surge and wind forcing making these to break loose of their moorings, 
not due to heavy wave action. 
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Figure 171. Hs contour plot for (nested) Ensenada Honda, C ulcbra, based on the scenario listed along the top 
margin of figure. 
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Figure 173. Hs contour plot for (nested) Ensenada Honda, C ulebra, based on the scenario listed a long the top 
margin of figure. 
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Figure 174. I-ls contour plot for Ensenada Honda, Culebra, based on the scenario listed along the top margin of 
figu re. 
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Figure 175. Hs contour plot fo r (nested) Ensenada Honda, Culebra , based on the scenario listed a long the top 
margin of figure. 

250,400 . 

248 400 

246,400 
::: 
"' ~ 244,400 
z 
Cl. 
g/ 242,;100 

~ 

~ 240,400 
z 
:i: 
t-
~ 238,400 
z 

23MOO 

23-4.400 

232.400 

~ 

ENSENADA HONDA. CULEBRA WAVE HEIGHT (M) 
Hs = 8.13 m, Tp = 11 s, Wavo Dir a. 90' 

Storm Surge• 2 5 m. \Mnd Speed • 128 mph, \Mnd Dir• 90' 

EASTINGS (PRSP NAD83 M) 

12 
tl.5 
ti 
105 
10 
95 
9 
85 
8 \I 

7.5 
7 I 

:5, 

5 5 1: 
5 
45R 
4 
35~ 
3 
25 
2 
1 5 
1 
05 
0 

Figure 176. Hs contour plot for Ensenada Honda, C ulebra, based on the scenario listed along the top margin of 
figure. 
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Figure 177. Hs contour plot for (nested) Ensenacla Honda, C ulebra, based on the scenario listed a long the top 
margin of figure. 
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CHARLOTTE AMALIE, ST. THOMAS, 
USVI 

Figure 179 shows the locations where bathymetry and topography values are available. 
Figure 180 shows a depth contour plot of the outer computational grid, and an outline of the nested 
grid. Figure 181 shows a depth contour of the nested computational grid, with five transects for the 
Hs "slices". Transects I and 2 are across East Gregerie Channel (west of Hassel Island, which is the 
island dividing the bay in two) and Transects 3 to 5 are east of the island. 

Figures 182 to 189 show contour plots of the Hs field for the simulations described along the 
top margin of each figure. Two deepwater wave directions were considered: waves from the 
southeast and from the south. The figures, together with Figure I 90, show that large waves ( 4 - 5 m) 
are capable of reaching the entrance to both channels even under no storm surge and wind 
conditions. On East Gregerie Channel this can continue all the way up to Transect 2, with Hs 
between 2 - 2.5 m. 

Along the channel leading to the main bay of Charlotte Amalie, wave energy seems to 
dissipate somewhat better (compare Transects 2 and 4), but not much (again, for no storm surge and 
wind conditions), with Hs values hovering around 2 m. Well inside the bay, Transect 5, waves 
hover around I - 1.5 m under no storm surge and no wind conditions, implying some good 
protection for these conditions. 

Under storm surge and wind conditions things are very rough along East Gregerie Channel, 
with Hs values reaching 4 - 4.5 m along Transect 2 well inside the channel. Along the main channel 
to the main bay of Charlotte Amalie things are not much different, with Hs values between 2 - 3.5 m 
along Transect 4. Deep inside Charlotte Amalie Bay (Transect 5), under storm surge and wind 
conditions, we can see Hs values hovering between 2.5 to 3 m, decaying at both ends of the 
transect. 
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Figure 190. Significant wave height "slices" for Charlotte Amalie Bay, St. Thomas. 
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CHRISTIANSTED, ST. CROIX, USVI 
Figure 191 shows the locations where bathymetry and topography data are available. Figure 

192 shows a depth contour plot of the computational grid, and the "slice" to obtain Hs values. It 
can be seen that this location is protected by a natural breakwater consisting of offshore reefs 
fronting the l9cation practically all along its length. Deepwater waves propagating from the 
northeast, nonth, and northwest were simulated. 

! 

Figur~s 193 to 198 show contour plots of the Hs field for the conditions described along the 
top margin ofi each figure. The figures corroborate the statement above about the protection afforded 
by the natural breakwater, even though the shelf width is very narrow. Figure 199 shows the Hs 
variability aldng the "slice" shown in Figure 192. It shows that under no storm surge and no wind 
conditions, p~actically nothing penetrates through, irrespective of the offshore wave direction. 
Under storm surge and wind conditions Hs starts with half a meter at the western end of the slice 
(Point A), inc~easing to 1.5 - 2 m at halfway between Points A and B, and hovering around these 

I 

two values until Point C, where it increases to around 2 m. Thus we can conclude that this location 
is well protected. 

I 
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Fig ure 195. Hs contour p lot for C hrsitians ted, St. C roix, based on the scenario listed along the top margin of 
figure. 
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Figure 198. Hs contour plot for Chrs itiansted, St. Croix, based on the scenario listed along the top margin of 
figure. 
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Figure 199. Significant wave height "slices" for C hristiansted Bay, St. Croix. 
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FRErlERIKSTED, ST. CROIX, USVI 

Figure 200 shows a posting of the locations where bathymetry and topography are available, 
and Figure 2q l shows a depth contour plot of the computational grid (with the two "slices" for 
obtaining Hs ~alues). Figures 202 to 207 show the results of the simulations for the scenarios 
described along the top margin. Three deepwater wave directions were simulated: from the 
northwest, wJst, and southwest. 

i 

This l~cation is similar to Aguadilla, with a very narrow shelf and a very exposed coastline. 
Very large w~ves crash very close to the coastline. Two "slices" were used, centered along the pier 
at the locatio~. Figure 208 shows that waves varying between 2 and 3 .5 m break very close to the 
MSL shoreliries, depending on whether a storm surge is present or not. It is obvious that this is a 
very exposed 1 location. 
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Figure 202. Hs contour plot for Frederiksted, St. C roix, based on the scenario listed along the top margin of 
figure. 
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Figure 203. Hs contour plot for Frederiksted, St. C roix, based on the scenario listed a long the top margin of 
figure. 
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Figure 204. Hs contour plot for Fredcrikstcd, S t. Croix, based on the scenario lis ted a long t he top margin of 
figure. 
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Figure 205. Hs contour plot for Frederiksted, St. C roix, based on t he scenario listed a long the top margin of 
figure. 
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Fig ure 206. Hs contour plot for Frcdcrikstcd, St. Croix, based on the scenario listed along the top ma rgin of 
figure. 
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Figure 207. Hs contour plot for Frederiksted, St. C roix, based on the scenario listed along the top margin of 
figure. 
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PORT ALUCROIX, ST. CROIX, USVI 
Figur~ 209 shows a posting of the bathymetry and topography locations for this site. Figure 

210 shows a depth contour plot of the computational grid with the "slice" location. This is another 
location with a very narrow shelf and unprotected with the exception ofa fringing reef (called Long 
Reef) protect;ng the entrance to the Krause Lagoon Channel. 

I 

Three: deep water wave directions were simulated: waves from the southeast, south, and 
southwest. Fjgures 211 to 216 show the results for the scenarios listed along the top of each figure. 
Figure 217 s~ows the Hs variation along the "slice". As expected, under no storm surge conditions 
Long Reef of(ers good protection to the western side of the transect, but once outside its protection 
Hs values start to increase rapidly. For waves from the south and southeast Hs values on the eastern 
side (close tol Point 8) hover around 2.75 m. 

I 

When a storm surge is added, submerging the reef, then, in combination with the strong 
wind forcingi Hs values on the previously well protected back-side increased to around 2 m, while 
on the easter I side increase to around 4.5 m. 
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Figure 209. Posting showing location of bathymctry and topography values for Port Alucroix, St. Croix. 
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Figure 211. Hs contour plot for Port Alucroix, St. Croix, based on the scenario listed along the top margin of 
figure. 

i 
'~ "' 0 
< z 
;;; 

> 
l 
V, 

0 
z 

-
3 
z 

186.000 

185.000 

184.000 

183.000 

182.000 

l'OR r J\LUCROIX. SI". CROIX: IV,\ VE I IEIGI IT (M) 
lls 8.1 m. fp 11 s. Wave Dir 90' 

Storm Surge O 111. Wind Spci:d O mph. Wind Dir NA 

373000 374000 375000 376000 377000 37XOOO 3790<)() 380000 381000 382000 383000 

EJ\S l'INGS (PR& Vl SP NAD83 M ) 

84 
8 
7.6 
7.2 
6.8 
6.4 
6 
5.6 M 
5.2 
4 8 E 

4.4 
4 
3.6 E 

32 
R 

2.8 
2.4 s 
2 
1.6 
1 2 
0.8 
04 
0 

384000 

Figure 212. Hs contour p lot for Port Alucroix, St. C roix, based on the scenario listed along the top margin of 
figure. 
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Figure 213. Hs contour plot for Port Alucroix, St. C roix, based on the scenario listed a long the top margin of 
figure. 
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Figure 214. Hs contour plot for Port Alucroix, St. C roix, based on the scenario listed along the top margin of 
figure. 
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Fig ure 215. Hs contour plot for Port Alucroix, St. Croix, based on the scenario listed along the top margin of 
figure. 
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figure. 
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Figure 217. S ignificant wave height "slices" for port A lucroix, St. Croix. 
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CONCLUSidNS 
I 
i 

This study should be seen as a first, and preliminary, attempt to estimate the wave 
climatology il,lside the main bays, ports, and harbors in Puerto Rico and the USVI under extreme 
weather (i.e., hurricane) conditions. Being an island, we depend a lot on our port infrastructure, and 
events like Hurricane Hugo (especially its effect in San Juan and Culebra's bays), was the 
motivation for this study. 

We can conclude that there are bays which are obviously well exposed to big wind waves, in 
some cases n9t even requiring a wave simulation to reach this conclusion. Of the ones studied we 
can include in this category Arecibo, Aguadilla, and Frederiksted (St. Croix). 

I 
Then there are the ones on the opposite extreme in that their geometry and shape lead one to 

conclude befdrehand that they are well protected. Of the ones studied, the following fall in this 
category: Gu4nica, Jobos, Las Mareas, and Puerto de Yabucoa. 

I 
Then ~re the ones that only a simulation will help in clarifying its exposure. And in this case, 

results vary as follows: 

San Jlan Bay-well protected by its narrow entrance channel, but waves generated inside 
the ba~ can do some damage, as seen during Hurricane Hugo. 

I 
Fajardo North (Bahia de Fajardo)- moderate protection 
Fajar~o Center - waves as high as 3 m can reach the breakwater at Puerto del Rey Marina 
Fajardo South (Ensenada Honda, a.k.a. Roosevelt Roads, and Bahia de Puerca)- large 
waveJ (3 m or higher) expected when strong winds blow along its entrante channel axis) 

Ponce Bay - large waves (3 m) can penetrate the deeper parts inside the bay under the 
extreme weather conditions assumed here. 

Guayanilla Bay - the same as for Ponce Bay, large waves (3 m and higher) can penetrate 
into the deeper parts of the bay under extreme weather conditions. 

Boquer6n Bay- large waves (2.5 m or higher) can penetrate into the deeper parts of the bay 
underlextreme weather conditions. 

PuertJ Real Bay - well protected even under extreme weather conditions. 

Mayaguez Bay-the northern half of the bay is much more exposed than the southern half. 
In the:deeper parts of the northern half of the bay waves higher than 3.5 m can be seen in the 
simulf tions. 

Ense~ada Honda, Culebra- this bay is well protected by its narrow entrance channel and the 
myriad of offshore reefs protecting this entrance. 

Chrisrnted, St. Croix - this bay is well protected by the fringing reefs lying offshore. 

143 



Port Alucroix, St. Croix - the western side of the port is relatively well protected by an 
offshore fringing reef (Long Reef), but on its eastern side, not being protected by the reef, 
large waves (2.5 m under no storm surge and no wind conditions; 4.5 m under both 
conditions) can be seen in the results. 

It is hoped that the results shown here will serve as a first, and rough, guide to anyone 
interested in knowing the extreme wave climatology that can be expected inside these bays and 
ports. 
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