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1BSummary 
HR Wallingford undertook wave modelling and associated extremes analysis, climate 
change assessment and estimation of overtopping rates, during the recent Nuclear Safety, 
Meteorological and Hydrological Hazards Assessment (NSMHHA, Amec, 2015) for Wylfa 
Newydd.  HR Wallingford subsequently undertook detailed wave modelling during the 
recent Phase 1 study, including calibration of a SWAN wave model against measured 
wave data.  The model and results then served as a baseline starting point, without the 
presence of Wylfa Newydd structures and without allowances for climate change. 

The present study includes the Wylfa Newydd marine structures, future climate change 
scenarios and new nearshore wave prediction points.  It is intended primarily to support 
environmental impact assessment and environmental permits.  However, some parts are 
relevant to studies related to design of structures, sea defences and the proposed harbour 
at Wylfa.  The scope of work includes wave overtopping rate calculations in addition to 
wave modelling, analysis, reporting and discussion. 

The purpose of the present study is to address the wave modelling, analysis and results required for 
environmental and permitting issues.  These issues include coastal processes, and any impacts caused by 
the Wylfa Newydd developments, although such impact studies are themselves outside the scope of this 
report.  The permissions comprise the Marine Licence (ML), Development Consent Order (DCO), Habitats 
Regulations Assessment (HRA), Environment Impact Assessment (EIA) and Flood Consequence 
Assessment (FCA). 

An earlier Phase 1 study produced results designated Offshore, meaning offshore of the proposed Wylfa 
Newydd structures.  The present study, the results of which are designated Nearshore, introduces the Wylfa 
Newydd structures, the climate change scenarios and extremes analysis for multiple nearshore points. 

A SWAN wave transformation model was used to assess wave conditions close to the site.  The SWAN 
model area includes all of the north coast of Anglesey, and was used to transform a 35-year time series of 
offshore wave data to equivalent information at ten nearshore points.  It was run for three layouts (baseline, 
developed and part-built), and for three future climate changed scenarios in addition to present-day.  The 
wave modelling provides wave climate information. Sensitivity tests including one additional construction 
layout are also presented. 

An ARTEMIS model was used to assess wave disturbance within the harbour area.  It was run to transform 
joint exceedence wave and sea level extremes from its boundary to positions within the harbour at which 
overtopping rates are estimated.  

The main topics of this report are the inclusion of marine structures and climate change scenarios into 
existing wave models, nearshore wave predictions at points within a finer nearshore grid, summary wave 
climates and extremes, the joint probability of large waves and high sea levels, and overtopping rate 
estimation. 
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 The Western breakwater is 400m long, comprising a 300m southern element unconnected to the coast 
and oriented approximately NNE-SSW and a 100m northern element oriented North-South. 

 The crest length of the Eastern breakwater is approximately 150m long, with shore protection connecting 
the structure and the shoreline, and side slopes of 1:4/3. 

 The design bed level within the harbour is -10mAOD. 

 The MOLF consists of two berths, made of a vertical block wall structure fronted by mooring and berthing 
dolphins.  

 The berth pocket along Berths 1 and 2 is dredged to -11.9mAOD. 

 The rock revetment along the MOLF quay has a slope of 1 in 1.5, and a crest elevation of +5mAOD. 

 The Eastern and Western breakwaters are fully-built, with: 

 Side slopes of 1:4/3; 

 The crest elevation of the Western breakwater varies between +10.7mAOD and +11.6mAOD; 

 The crest elevation of the Eastern breakwater is +11.1mAOD. 
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The SWAN model has been extensively validated and is suited to the transformation of wave energy spectra 
in relatively large coastal areas.  This is particularly true where the features of the seabed, such as offshore 
banks and reefs, result in depth-induced wave breaking and wave-wave interactions.  The model also 
includes wave generation by the wind within the model area.  SWAN is, therefore, especially useful in 
regions such as the shallow area near to the site where wave conditions may comprise a combination of 
refracted offshore waves and those generated locally by winds.  More details of the SWAN model are given 
in Appendix B. 

4.1.1. 36BApplication of the SWAN model to Wylfa 

The SWAN model was set up to represent wave propagation from offshore.  Four nested grids were used: 

 The outer grid (Grid 1) covers a wide area approximately 29km x 53km offshore and along the coasts, at 
a grid resolution of 500m; 

 The second grid (Grid 2), further inshore, at a grid resolution of 200m; 

 The third grid (Grid 3) covers an area further inshore at a grid resolution of 50m; 

 The inner grid (Grid 4) covers the area near the site with a grid resolution of 20m. 

The model bathymetry was defined using information obtained from SeaZone TruDepth bathymetry data, 
supplemented with the local survey data supplied for the study (HR Wallingford, 2013).  The data sets were 
reviewed and corrected to Chart Datum and then merged to provide the model bathymetry used in SWAN.  
The resulting bathymetry has been incorporated into the model grids. 

The extent of the model, arrangement of its four grids, and the positions at which results were summarised in 
Phase 1, are shown in Figure 4.1. 
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Table 4.2: Validation of the SWAN model for storm peak wave conditions at S2 

Storm 

No. 

S2 measured storm peaks S2 modelled storm peaks Storm peak summary statistics 

Hs (m) Tm (s) Dm (°N) Hs (m) Tm (s) Dm (°N)  

 

Hs (m) 

Bias: mean of model error -0.02 

2 2.59 5.4 331 2.36 5.1 345 MAE: mean absolute error 0.28 

4 3.14 5.8 42 2.82 5.5 14 RMSE: root mean square model error 0.31 

5 2.45 5.2 1 2.12 4.8 343 Std. error: standard deviation model error 0.31 

6 2.14 5.3 254 2.47 4.5 206 MAD: median absolute deviation 0.32 

8 2.93 5.8 44 2.51 5.2 14  

 

Tm (s) 

Bias: mean of model error -0.32 

9 3.25 5.6 295 3.65 6.1 344 MAE: mean absolute error 0.48 

10 2.46 5.8 271 2.6 4.8 246 RMSE: root mean square model error 0.56 

11 2.59 5.0 254 3.1 5.3 250 Std. error: standard deviation model error 0.46 

12 3.33 5.4 243 3.23 5.5 264 MAD: median absolute deviation 0.39 

14 2.99 6.2 268 2.62 5.3 287  

15 3.06 5.9 274 3.16 5.6 270 

16 3.17 5.9 280 3.28 5.7 258 

Source: HR Wallingford 
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Table 4.3: Validation of the SWAN model for storm peak wave conditions at S4 

Storm 
No. 

S4 measured storm peaks S4 modelled storm peaks Storm peak summary statistics 

Hs (m) Tm (s) Dm (°N) Hs (m) Tm (s) Dm (°N)  

 

Hs (m) 

Bias: mean of model error -0.10 

2 3.05 5.8 308 2.41 5.1 346 MAE: mean absolute error 0.35 

3 2.89 5.8 281 2.78 5.5 284 RMSE: root mean square model error 0.40 

4 3.09 5.5 28 2.83 5.5 15 Std. error: standard deviation model error 0.39 

5 2.44 5.1 16 2.18 4.9 343 MAD: median absolute deviation 0.30 

7 4.18 6.2 289 4.73 6.9 285  

 

Tm (s) 

Bias: mean of model error -0.61 

8 3.08 5.8 43 2.55 5.2 15 MAE: mean absolute error 0.84 

9 3.02 5.5 326 3.67 6.2 345 RMSE: root mean square model error 1.04 

10 2.05 6.3 254 2.04 4.0 258 Std. error: standard deviation model error 0.84 

11 2.21 6.2 250 2.49 4.8 263 MAD: median absolute deviation 0.66 

12 3.39 6.7 269 2.97 5.3 285  

15 2.90 5.7 297 2.59 5.1 289 

16 2.64 6.2 262 2.44 4.9 287 

Source: HR Wallingford 
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Table 4.4: Validation of the SWAN model for storm peak wave conditions at S9 

Storm 
No. 

S9 measured storm peaks S9 modelled storm peaks Storm peak summary statistics 

Hs (m) Tm (s) Dm (°N) Hs (m) Tm (s) Dm (°N)  

 

Hs (m) 

Bias: mean of model error 0.18 

1 1.76 4.9 360 1.90 4.7 337 MAE: mean absolute error 0.20 

2 2.37 5.3 350 2.33 5.1 347 RMSE: root mean square model error 0.35 

3 1.92 5.1 306 2.18 4.9 302 Std. error: standard deviation model error 0.30 

4 2.54 5.1 18 2.70 5.5 12 MAD: median absolute deviation 0.09 

5 2.13 5.1 355 2.12 4.9 345  

 

Tm (s) 

Bias: mean of model error -0.40 

6 1.05 5.6 348 1.10 3.1 299 MAE: mean absolute error 0.67 

7 3.10 5.5 294 3.62 6.2 307 RMSE: root mean square model error 0.90 

8 2.45 5.5 21 2.44 5.2 12 Std. error: standard deviation model error 0.81 

9 2.38 5.3 333 3.48 6.1 347 MAD: median absolute deviation 0.45 

11 1.40 4.2 292 1.50 3.4 284  

12 2.40 5.7 324 2.43 4.7 300 

13 1.59 4.3 300 1.71 4.2 297 

14 2.08 5.3 305 2.01 4.8 304 

16 1.99 5.8 277 2.02 4.4 298 

17 2.63 5.5 308 3.17 5.8 308 

18 1.95 5.5 293 1.86 4.3 300 

Source: HR Wallingford 
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Table 4.5: Validation of the SWAN model for storm peak wave conditions at S11 

Storm 
No. 

S11 measured storm peaks S11 modelled storm peaks Storm peak summary statistics 

Hs (m) Tm (s) Dm (°N) Hs (m) Tm (s) Dm (°N)  

 

Hs (m) 

Bias: mean of model error -0.03 

2 2.27 5.3 349 2.33 5.1 346 MAE: mean absolute error 0.24 

3 2.09 5.8 301 2.25 5.1 302 RMSE: root mean square model error 0.28 

4 2.46 5.3 9 2.62 5.4 7 Std. error: standard deviation model error 0.28 

5 2.30 5.1 358 2.12 4.9 343 MAD: median absolute deviation 0.18 

6 1.16 5.2 336 1.10 3.1 299  

 

Tm (s) 

Bias: mean of model error -0.81 

7 4.24* 4.8* 318 3.79 6.4 306 MAE: mean absolute error 1.06 

8 2.55 5.3 22 2.36 5.2 8 RMSE: root mean square model error 1.52 

9 3.19 6.3 295 3.53 6.2 345 Std. error: standard deviation model error 1.28 

11 1.49 6.6 311 1.17 2.9 296 MAD: median absolute deviation 0.69 

12 2.60 6.7 308 2.15 4.5 309  

13 1.65 6.4 309 1.51 4.0 305 

14 1.80 4.9 339 2.05 4.9 306 

15 2.26 5.7 304 2.21 4.8 301 

16 1.56 5.2 309 2.05 4.6 299 

Source: HR Wallingford 

Note*: The reported measured Hs and Tm for Storm 7 are incompatible in terms of wave steepness, but the record is retained as it corresponds with the time of maximum wave 
height at S9 and at the WaveWatchIII point. 
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4.2.2. 41BValidation against everyday conditions 

Comparison for more frequent,lower wave heights has been carried out at the measurement location S9, 
nearest to the site which has the best quality in the wave measurement records. A significant number of the 
wave height records of S2 and S4 had to be filtered out from the measured data following quality control 
checks and the resulting datasets were therefore not used in the assessment. 

Figure 4.3 shows a comparison of the percentage of exceedence of wave heights (Hs) measured and the 
SWAN wave model predictions for the period of measurements at the S9 location. This indicates that the 
measurements and model prediction exceedence curves show close agreement for low wave heights (lower 
than 2m), with a slight over-estimate from the model. 

The modelled time-series used for this comparison was generated with the model emulation approach (see 
details in Section 4.4.1) and does not include the better representation of the peak storm data applying 
partitioned offshore wave spectra to the boundary of the model, since the comparison focusses on more 
frequent lower wave heights events. Therefore the comparison for large events (Hs > 2.5m) should not be 
drawn based on the exceedence curve comparison shown in Figure 4.3 but from the model validation 
undertaken in Section 4.2.1 which makes use of the more accurate storm data in the model and therefore 
provides a better comparison between storm peaks and the model.  
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The results presented in this chapter are intended to be used for environmental impact assessment and not 
for design. 

The modelling reported here responds to a proposed design layout, rather than the model as reported being 
used to inform or validate the design. The design validation work package is a separate report not forming 
part of the DCO submission. 

4.4.1. 42BNearshore wave time series 

For the wave transformation modelling a model emulation approach was used, whereby the SWAN model is 
run not for every offshore record, but for a large subset of events.  These are then combined with 
sophisticated interpolation techniques (Camus et al., 2013; Gouldby et al., 2014) to develop a robust 
simulation that represents the range of multivariate conditions present in the offshore data.  The emulator 
training runs were carefully selected to cover the complete range of offshore boundary conditions (including 
climate-changed conditions) using six parameters: significant wave height (Hs), mean wave period (Tm-10), 
wave direction, water levels, wind speed and wind direction. 

Using the model emulation, 35-year (3-hourly) nearshore time series were generated at varying water levels 
at the ten nearshore locations for the following layout / scenario conditions: 
 baseline, 2023 “present-day” conditions; 
 baseline, 2087 “reasonably foreseeable” conditions; 
 part-built layout, 2023 “present-day” conditions; 
 fully-built layout, 2023 “present-day” conditions; 
 fully-built layout, 2087 “reasonably foreseeable” conditions; 
 fully-built layout, 2187 “reasonably foreseeable” conditions; 
 fully-built layout, 2087 “credible maximum” conditions. 

The time series at the temporary cofferdam location (Point 9) was generated for baseline conditions only. 

The time series are not presented directly in this report.  Instead, they were issued separately in digital 
editable format for further use in other studies.  Note that the date labels for the climate-changed scenario 
time-series are dummy labels. 

4.4.2. 43BNearshore wave climates 

Nearshore wave conditions are summarised at the ten locations along the breakwater structures and along 
the coastline shown in Figure 4.4 and listed in Table 4.6.  For illustration, annual wave roses at Point 5 are 
shown in Figure 4.5 for the 2023 “present-day” conditions, for the baseline, part-built and fully-built layouts, 
and in Figure 4.6 for the fully-built layout 2087 “reasonably foreseeable”, 2187 “reasonably foreseeable” and 
2087 “credible maximum” conditions.  Table 4.7 and Table 4.8 show the distribution of significant wave 
height against mean wave direction and against mean wave period at Point 5 for 2023 “present-day” 
baseline conditions. 

For all layouts, frequency tables (annual and seasonal) are provided at the nearshore points in digital format.  
Annual and seasonal wave roses and frequency tables for the nearshore locations are provided in 
Appendix C. 

 

 



 

 
DEM7

 

Figu

Sour

Figu
Sour

943-RT004-R04-00 

re 4.5: Annual wa

rce: HR Wallingfor

re 4.6: Annual wa
rce: HR Wallingfor

 

ave roses for near

rd, SWAN wave tra

ave roses for near
rd, SWAN wave tra

 
rshore prediction P

nsformation and Me

rshore prediction P
nsformation and Me

Point 5, present-d

et Office WW3 offsh

Point 5, fully-built 
et Office WW3 offsh

day, baseline, fully

hore data, 1980-201

layout, future clim
hore data, 1980-201

 
y-built and part-bu

15 

mate-changed sce
15 

uilt layouts 

enario conditions 

Wylfa N

Main Site Wave Mo

 

 

Newydd 

odelling 

22



 

 

 
Wylfa Newydd 

Main Site Wave Modelling 

DEM7943-RT004-R04-00 23

Table 4.7: Annual wave climate at Point 5, baseline, 2023 “present-day”, significant wave height (Hs) against mean wave direction  

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Parts per hundred thousand in the given wave height (m) and wave direction (degrees True North) bin 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0.0 0.5 100.00% 6326 6922 4032 196 158 80 69 122 449 4648 28498 7248 

0.5 1.0 41.25% 3318 3506 2283 - <1 - <1 <1 - 34 11874 4111 

1.0 1.5 16.13% 1967 1713 185 - - - - - - - 3462 2273 

1.5 2.0 6.53% 904 668 8 - - - - - - - 1136 1196 

2.0 2.5 2.61% 403 243 - - - - - - - - 286 641 

2.5 3.0 1.04% 243 61 - - - - - - - - 66 298 

3.0 3.5 0.37% 124 13 - - - - - - - - 14 101 

3.5 4.0 0.12% 66 7 - - - - - - - - 1 15 

4.0 4.5 0.03% 21 <1 - - - - - - - - - 4 

4.5 5.0 0.01% 7 - - - - - - - - - - - 

 Percentage occurrence 13.38% 15.77% 13.38% 13.13% 6.51% 0.20% 0.16% 0.08% 0.07% 0.12% 0.45% 4.68% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table 4.8: Annual wave climate at Point 5, baseline, 2023 “present-day”, significant wave height (Hs) against mean wave period  

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Parts per hundred thousand in the given wave height (m) and mean wave period (Tm-10, seconds) bin  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0.0 0.5 100.00% 8 2173 19091 23865 10464 2464 504 124 33 7 6 5 2 2 

0.5 1.0 41.25% - 3 303 8703 11594 3048 1246 218 10 1 - - - - 

1.0 1.5 16.13% - - 4 117 5167 3410 493 292 105 12 - - - - 

1.5 2.0 6.53% - - - 3 173 2913 708 83 22 10 1 - - - 

2.0 2.5 2.61% - - - <1 3 399 1003 151 12 5 - - - - 

2.5 3.0 1.04% - - - - - 5 365 273 17 4 3 - - - 

3.0 3.5 0.37% - - - - - - 10 211 23 5 2 - - - 

3.5 4.0 0.12% - - - - - - <1 32 54 2 <1 - - - 

4.0 4.5 0.03% - - - - - - - 1 21 3 <1 - - - 

4.5 5.0 0.01% - - - - - - - <1 4 3 - - - - 

Percentage occurrence 0.01% 2.18% 19.40% 32.69% 27.40% 12.24% 4.33% 1.39% 0.30% 0.05% 0.01% 0.01% 0.00% 0.00% 

Source:  HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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To illustrate the difference in predicted significant wave height between the baseline and the fully-built layout, 
sample difference plots are shown in Figure 4.7 to Figure 4.10, for the summer present-day conditions, and 
for the 99th percentile winter “2087 reasonably foreseeable” conditions from the NW, N and NE sectors, 
respectively.  Each figure is in three parts, and represents just one wave condition.  The top pane of each 
figure shows the baseline significant wave height for the area around Wylfa, and the middle pane the 
corresponding wave heights after introduction of the fully-built layout.  The bottom pane shows the difference 
in significant wave height between the runs with and without structures.  Yellow and orange shades show 
increases in wave height of at least ten centimetres.  Blue and green shades show reductions in wave height 
of at least ten centimetres. 

Sample difference plots between the baseline and the part-built layout (as defined in Figure 2.1, including a 
partially built western breakwater), are shown in Figure 4.11 to Figure 4.14, for the summer present-day 
conditions, and for the 99th percentile winter “present-day” conditions from the NW, N and NE sectors, 
respectively.   

The extents of the differences in significant wave height (higher than +/- 10cm) due to the structures is 
localised around the proposed structures.  For the largest waves from the NW sector for the fully-built layout 
“2087 reasonably foreseeable” conditions (see Figure 4.8), the differences extend up to Cemlyn Bay.  For 
this sector, the directions and heights of the reflected waves from the two sections of the Western 
Breakwater, coupled with refraction and shoaling effects as they approach the coast, appear to be causing a 
small amount of refocussing of the wave energy in Cemlyn Bay to give a localised area of increase in Hs of 
just above 10 centimetres. No differences in significant wave height higher than +/- 10cm is predicted in 
Cemlyn Bay for the “present-day” conditions tested with either the fully-built or part-built layouts.   

The additional summer and winter wave conditions cases have been provided in digital format. 

The refocussing of the wave energy in Cemlyn Bay is sensitive to the wave direction and further sensitivity 
tests have been carried out in Section 4.5.2. 
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Table 4.11: Summer wave climate at Offshore Point 3, baseline, 2023 “present-day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction (°N) 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0.0 0.5 100.00% 4383 2258 4530 3070 995 791 1172 3746 8164 4909 3145 4503 

0.5 1.0 58.33% 3038 1552 3238 2354 516 420 560 2089 10495 5794 2880 3688 

1.0 1.5 21.71% 1078 706 1330 882 79 42 87 296 3194 2362 1579 2141 

1.5 2.0 7.93% 331 271 676 231 - 2 4 19 541 1240 874 984 

2.0 2.5 2.76% 177 171 202 4 - - - - 12 347 435 395 

2.5 3.0 1.02% 83 100 62 - - - - - 2 83 175 181 

3.0 3.5 0.33% 27 42 46 - - - - - - 13 39 81 

3.5 4.0 0.09% 2 19 21 - - - - - - - 4 10 

4.0 4.5 0.03% 2 12 4 - - - - - - - - - 

4.5 5.0 0.01% 2 4 2 - - - - - - - - - 

5.0 5.5 0.01% 4 2 - - - - - - - - - - 

5.5 6.0 0.00% - - - - - - - - - - - - 

Percentage occurrence 9.13% 5.14% 10.11% 6.54% 1.59% 1.26% 1.82% 6.15% 22.41% 14.75% 9.13% 11.98% 

Source: HR Wallingford, SWAN wave transformation (Phase 1) and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table 4.12: Winter wave climate at Offshore Point 3, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction (°N) 

-22.5 22.5 67.5 112.5 157.5 202.5 247.5 292.5 

22.5 67.5 112.5 157.5 202.5 247.5 292.5 337.5 

0 0.5 100.00% 2043 1629 3455 941 1026 2918 3513 2139 

0.5 1 82.34% 2238 1975 5513 1335 1395 8160 7963 3098 

1 1.5 50.66% 1426 1163 3395 456 464 5878 8197 2278 

1.5 2 27.40% 974 752 1704 100 81 1459 7959 1662 

2 2.5 12.71% 568 512 500 - - 48 3588 1310 

2.5 3 6.18% 336 305 272 - - - 1600 926 

3 3.5 2.74% 224 112 62 - - - 756 444 

3.5 4 1.14% 126 33 12 - - - 317 280 

4 4.5 0.38% 70 23 4 - - - 79 112 

4.5 5 0.09% 29 4 4 - - - 12 21 

5 5.5 0.02% 10 - 2 - - - 2 2 

5.5 6 0.00% 2 - - - - - 2 - 

  Percentage Occurrence 8.04% 6.51% 14.92% 2.83% 2.97% 18.46% 33.99% 12.27% 

Source: HR Wallingford, SWAN wave transformation (Phase 1) and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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4.5.2. 45BFurther sensitivity tests to assess refocussing of wave energy in Cemlyn 
Bay 

In order to investigate further the refocussing of wave energy highlighted in the “2087 reasonably 
foreseeable” 99th winter conditions model runs, a suite of simulations was conducted to explore sensitivity to 
offshore wave direction at the outer model boundary.  

Table 4.13 summarises the original winter present-day wave conditions at Offshore Point 3 used in the 
model. The “2087 reasonably foreseeable” conditions were obtained from the present-day conditions by 
applying a 10% increase in wave heights (and corresponding 5% in wave periods) and wind speeds to reflect 
the future climate change allowances. They were also run in the model, at water levels increased by 0.62m 
to allow for climate change. Although not originally requested, conditions from the West sector were also 
tested for completeness. 

Table 4.13: Representative present-day Winter storm wave conditions at Offshore Point 3 and corresponding 
offshore wave direction at the model boundary 

Sector Event Hs (m) Tm-10 (s) 
Wave Direction 
(°N) at Point 3 

Corresponding 
offshore wave 
direction (°N) 

Wind Direction 
(°N) 

NE 99th percentile 3.48 6.9 36 35 37 

N 99th percentile 4.21 7.8 345 342 359 

NW 99th percentile 4.03 7.5 303 290 294 

W 99th percentile 3.58 7.3 275 246 260 

Source: HR Wallingford analysis at Offshore Point 3 

These simulations were run at a 5° interval in the offshore wave direction within the W, NW, N and NE 
sectors, for the “2087 reasonably foreseeable” conditions, applying the same wind conditions as for the 
original selected representative 99th percentile condition in the sector.  

The differences in significant wave height between the fully-built layout and the baseline from the offshore 
wave direction sensitivity runs are shown in Figure 4.15 to Figure 4.18. 
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The influence of these additional directions was examined and the condition, within each 45° sector that had 
the largest influence on wave heights at Cemlyn Bay was chosen as the representative condition in that 
sector.   

The effect of refocussing in Cemlyn Bay is observed for offshore wave directions from 176°N to 295°N, when 
the wind is from the West or North-West. Offshore conditions originating from the West sector refract towards 
the land. As illustrated in Figure 4.19 and Figure 4.20, varying the offshore wave direction at the boundary by 
40° (from 246°N to 286°N) for the same wave conditions (significant wave height and wave period) only 
varies the wave direction at the Offshore Point 3 by 13°. The variation in offshore wave direction does have 
an effect on the magnitude of the waves at the site but less on the mean direction of the waves due to 
refraction.  

Based on the sensitivity tests, the chosen directions for each sector are presented in Table 4.14, although 
results are generally similar to those from the representative directions shown in Section 4.5. 

Table 4.14: Selected representative winter offshore wave directions applied at the SWAN boundary 

Sector Event 
Representative 

Offshore Direction 
(°N) 

Worst Direction from 
sensitivity study (°N) 

NE 99th percentile 35 45 

N 99th percentile 342 337 

NW 99th percentile 290 286 

W 99th percentile 246 246 

Source: HR Wallingford 

 

 

 



 

 
DEM7

Figu

 

943-RT004-R04-00 

re 4.19: W sector

 

r conditions with ooffshore boundary wave direction of
 

f 246°N Figure 44.20: W sector coonditions with offshhore boundary wa

Wylfa N

Main Site Wave Mo

 
ave direction of 28

Newydd 

odelling 

39

86°N 



 

 

 
Wylfa Newydd

Main Site Wave Modelling

DEM7943-RT004-R04-00 40

4.5.3. 46BHow frequently the effect is likely to occur 

To estimate how frequently a refocusing of wave energy due to the proposed marine structures in Cemlyn 
Bay is likely to occur, the offshore wave height that gives 10cm difference in significant wave height in 
Cemlyn Bay were determined for each 5° sector based on the sensitivity runs that give more than 10cm 
difference (i.e. with offshore wave direction from 176°N to 295°N). All occurrences in the all-year offshore 
climate table above these conditions were then summed up to give an estimate of the proportion of the time 
a difference in significant wave height of 10cm or above in Cemlyn Bay will occur.  

This analysis was carried out for the “2087 reasonably foreseeable” conditions and the proportion of the time 
a difference in significant wave height of 10cm or above in Cemlyn Bay is estimated to be 4.9%. This is 
perhaps a slightly conservative estimate because the worst direction (westerly) wind was applied with all 
wave directions between 176°N and 291°N.  

4.5.4. 47BSelected 99th percentile Winter conditions, difference in significant wave 
height maps – Fully-built layout 

Following the sensitivity tests to the offshore wave directions, the worst directions in each sector were 
selected to revise the representative 99th percentile winter “2087 reasonably foreseeable” conditions 
(Table 4.14). The corresponding difference plots (difference in predicted significant wave height between the 
fully-built layout and the baseline) from the NE, N, NW and W sectors are shown in Figure 4.21 and 
Figure 4.22. 

Each figure is in three parts, and represents just one wave condition. The top pane of each figure shows the 
baseline significant wave height for the area around Wylfa, the middle pane the corresponding wave heights 
for the fully-built layout. The bottom pane shows the difference in significant wave height between the runs 
with and without structures. Yellow and orange shades show increases in significant wave height of at least 
10 centimetres. Blue and green shades show reductions in wave height of at least 10 centimetres.  
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4.5.5. 48BWave conditions in Cemlyn Bay 

The differences in significant wave height in Cemlyn Bay due to the marine structures are predicted to be 
less than 20cm for the “2087 reasonably foreseeable” 99th percentile winter conditions. 

To illustrate the effects of the marine structures in Cemlyn Bay, in addition to the individual winter conditions, 
a comparison between the annual wave climates at the nearshore wave output Point 6 (see Figure 4.4) with 
and without the proposed development in place is presented. Table 4.15 and Table 4.16 show the 
distribution of significant wave height against mean wave direction at Point 6, for the “present-day” baseline 
and the “present-day” fully-built layout, respectively. Table 4.17 and Table 4.18 are the corresponding 
distribution of significant wave height against mean wave period.  

The climates show: 

 Little difference in wave distributions with and without the proposed marine structures in: 

 Changes in the distribution of waves against mean wave direction are due to the shelter / blockage or 
the wave reflections from the Western Breakwater.  

 The distribution against mean wave periods is very similar between the two layouts.  

 The distribution of large waves (Hs > 2m) against mean wave directions and mean wave periods is 
similar in both layouts. 

The wave conditions in Cemlyn Bay can be summarised as: 

 The offshore wave conditions from North / North-East give the largest waves in the Bay and very little 
change is predicted due to the proposed marine structures. 

 Offshore wave conditions from North-West / West are sheltered by the Twyrn Cemlyn headland and give 
lower wave heights than the North and North-East sectors. They are the most affected by the western 
breakwater (increase in Hs between 10 and 20cm), but give smaller wave conditions than conditions from 
North / North –East. 

 The main cause of focussing of wave energy in the bay is the reflections from the western breakwater. 

 The proportion of the time a difference in Hs of 10cm or above in Cemlyn Bay is estimated to be 4.9%. 

 The largest storms will still come from North / North-East. 
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Table 4.15: Annual wave climate at Point 6, baseline, “2087 reasonably foreseeable”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction (°N) 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 15394 32201 15741 5676 4037 2864 1635 785 658 449 494 1245 

0.5 1 18.82% 1388 9491 3974 41 5 <1 - - - - - - 

1 1.5 3.92% 36 2282 688 - - - - - - - - - 

1.5 2 0.92% - 512 198 - - - - - - - - - 

2 2.5 0.21% - 144 33 - - - - - - - - - 

2.5 3 0.03% - 22 2 - - - - - - - - - 

3 3.5 0.00% - 4 - - - - - - - - - - 

Percentage Occurrence 16.82% 44.66% 20.64% 5.72% 4.04% 2.86% 1.64% 0.79% 0.66% 0.45% 0.49% 1.25% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 

Table 4.16: Annual wave climate at Point 6, fully-built, “2087 reasonably foreseeable”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction (°N) 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 7638 36126 17286 7498 5823 3087 1083 535 394 283 285 627 

0.5 1 19.34% 258 11219 3841 57 5 2 - - - - - - 

1 1.5 3.95% - 2407 630 - - - - - - - - - 

1.5 2 0.92% - 547 167 - - - - - - - - - 

2 2.5 0.20% - 144 30 - - - - - - - - - 

2.5 3 0.03% - 24 2 - - - - - - - - - 

3 3.5 0.00% - 4 - - - - - - - - - - 

 Percentage Occurrence 7.90% 50.47% 21.96% 7.56% 5.83% 3.09% 1.08% 0.53% 0.39% 0.28% 0.28% 0.63% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table 4.17: Annual wave climate at Point 6, baseline, “2087 reasonably foreseeable”, significant wave height (Hs) against mean wave period 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 0.5 100.00% 211 6193 19675 26462 18673 7179 2112 532 114 15 7 2 3 2 <1 

0.5 1 18.82% - 16 646 3890 4874 3309 1368 582 159 46 7 <1 - - - 

1 1.5 3.92% - - 3 138 939 1071 573 227 37 12 5 <1 - - - 

1.5 2 0.92% - - - <1 44 254 218 149 39 5 <1 - - - - 

2 2.5 0.21% - - - - - 31 72 48 26 1 - - - - - 

2.5 3 0.03% - - - - - - 3 12 8 2 - - - - - 

3 3.5 0.00% - - - - - - - 2 2 - - - - - - 

Percentage Occurrence 0.21% 6.21% 20.32% 30.49% 24.53% 11.84% 4.35% 1.55% 0.38% 0.08% 0.02% 0.00% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 

Table 4.18: Annual wave climate at Point 6, fully-built, “2087 reasonably foreseeable”, significant wave height (Hs) against mean wave period 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 0.5 100.00% 169 5776 19416 26722 18736 7105 2071 530 111 16 5 2 3 2 <1 

0.5 1 19.34% - 14 609 3848 5049 3574 1456 607 169 49 6 <1 - - - 

1 1.5 3.95% - - 2 125 928 1099 587 240 37 13 5 <1 - - - 

1.5 2 0.92% - - - <1 39 252 223 155 39 5 <1 - - - - 

2 2.5 0.20% - - - - - 27 71 49 26 1 - - - - - 

2.5 3 0.03% - - - - - - 3 12 9 2 - - - - - 

3 3.5 0.00% - - - - - - - 2 2 - - - - - - 

Percentage Occurrence 0.17% 5.79% 20.03% 30.70% 24.75% 12.06% 4.41% 1.60% 0.39% 0.09% 0.02% 0.00% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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The difference plots (difference in predicted significant wave height between the “worst-case” construction 
layout and the baseline) for the selected 99th percentile winter “2087 reasonably foreseeable” conditions from 
the NE, N, NW and W sectors, are shown in Figure 4.26 and Figure 4.27.  

Each figure is in three parts, and represents just one wave condition. The top pane of each figure shows the 
baseline significant wave height for the area around Wylfa, the middle pane the corresponding wave heights 
for the “worst-case” construction layout. The bottom pane shows the difference in significant wave height 
between the runs with and without structures. Yellow and orange shades show increases in significant wave 
height of at least 10 centimetres. Blue and green shades show reductions in wave height of at least 10 
centimetres.  

Figure 4.26 and Figure 4.27 are directly comparable with Figure 4.21 and Figure 4.22 for the fully-built 
layout. The effects in Cemlyn Bay are almost identical to the effects predicted for the fully-built layout, which 
is expected since the main cause of the refocussing of wave energy in Cemlyn Bay comes from the 
reflections from the western breakwater. The predicted differences with the “worst-case” construction layout 
are not higher than the ones predicted with the fully-built layout.  
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For completeness, the difference plots (difference in predicted significant wave height between the “worst-
case” construction layout and the baseline) for the selected 99th percentile winter “present-day” conditions 
are shown in Figure 4.28 and Figure 4.29.  This comparison is more relevant since the construction layout 
will not be in place for the 2087 future conditions. 

The predicted differences for the “present-day” conditions follow the same pattern as for the “2087 
reasonably foreseeable” conditions, but are smaller in magnitude. 
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For consistency, so as to achieve best estimates of differences between the different climate change 
scenarios, the “2087 reasonably foreseeable” joint probability curves at Point P1 were used for each 
scenario, but with the following adjustments for the new climate-changed scenarios.   

Water level 

Remove the “2087 reasonably foreseeable” future climate change allowance and replace it with the relevant 
allowance, to account for the climate change allowances revision from UKCP09 guidance, used in earlier 
wave modelling work, to the Welsh Guidance 2016 used in the present modelling and summarised in 
Table 3.1. 

Wave height 

Tests showed little sensitivity of wave height at Point P1 to high-tide sea level (the water level makes more 
difference in shallower water closer inshore).   

Therefore, wave conditions leading to the highest ten percent of wave heights at any or all of the five 
offshore locations (Figure 4.1) were selected to be the largest storm events for the site in the 35-year time 
series.  These storms were run in SWAN and transformed to Point P1 at four different sea levels, with and 
without the wave height climate change allowance, to estimate the adjustments to apply to the “2087 
reasonably foreseeable” joint probability curves at Point P1 for the new climate-changed scenarios. The four 
different sea levels considered are the four UKCP09 climate change scenarios (UKCIP, 2009) (used in 
previous modelling): 

 “2087 reasonable foreseeable”: 3.48mOD 0F

1; 

 “2187 reasonable foreseeable”: taken as 2087 credible maximum as only a few cms difference; 

 “2087 credible maximum”: 4.5mOD; 

 “2187 credible maximum”: 6.8mOD  

Sensitivity to sea level was logged in units of percentage change in wave height per additional metre of sea 
level.  Results lay in the range -0.3%/m to +1.4%/m with an average (for high waves only) of 0.7%/m.  For 
sea levels above that of the “2087 reasonably foreseeable” case, this result was captured in the form of a 
uniform adjustment of 1.0% increase per additional metre of sea level, applied to all wave heights.  
Sensitivity to offshore wave height was logged in units of percentage change in wave height per percentage 
change in offshore wave height.  For the present-day case, the future climate change allowance applied to 
wave height (10% increase offshore) was removed by decreasing all “2087 reasonably foreseeable” wave 
heights by 8% (and corresponding wave periods by 3.25%). 

The resulting high-water joint-exceedence curves at P1 for return periods of 5, 25, 75, 200 and 1000 years, 
for the “present-day”, “2187 reasonably foreseeable” and “2087 credible maximum” cases, are presented in 
Figure 5.7 to Figure 5.9. 

                                                      
1  With climate change allowances based on UKCIP, 2009 guidelines, as used in previous wave modelling 

(HR Wallingford (2015)). 
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Figure 5.9: 

Source: HR
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Table 5.2: Conditions run in the ARTEMIS model 

Return 
Period 
(years) 

2023 “present-day” 
“2087 reasonably 

foreseeable” 
“2187 reasonably 

foreseeable” 
“2087 credible 

maximum” 

Hs 

(m) 

Tp 

(s) 

Sea 
level 

(mOD) 

Hs 

(m) 

Tp 

(s) 

Sea 
level 

(mOD) 

Hs 

(m) 

Tp 

(s) 

Sea 
level 

(mOD) 

Hs 

(m) 

Tp 

(s) 

Sea 
level 

(mOD) 

5 4.9 9.2 2.6 5.3 9.6 3.2 5.4 9.6 4.6 5.3 9.6 4.0 

5 4.6 8.9 3.1 5.0 9.3 3.7 5.1 9.3 5.1 5.0 9.3 4.8 

5 3.7 8.1 3.5 4.1 8.4 4.2 4.1 8.4 5.6 4.1 8.4 5.6 

5 2.9 7.1 3.8 3.1 7.4 4.4 3.2 7.4 5.9 3.2 7.4 6.0 

25 5.5 9.8 2.6 6.0 10.2 3.2 6.1 10.2 4.6 6.0 10.2 4.0 

25 5.3 9.6 3.1 5.8 10.0 3.7 5.8 10.0 5.1 5.8 10.0 4.8 

25 4.6 8.9 3.5 5.0 9.2 4.2 5.0 9.3 5.6 5.0 9.3 5.6 

25 3.3 7.6 3.9 3.6 7.8 4.5 3.6 7.9 6.0 3.6 7.9 6.1 

75 5.8 10.1 2.6 6.3 10.4 3.2 6.4 10.5 4.6 6.4 10.5 4.0 

75 5.6 9.9 3.1 6.1 10.3 3.7 6.2 10.4 5.1 6.2 10.3 4.8 

75 5.0 9.4 3.5 5.5 9.7 4.2 5.6 9.8 5.6 5.5 9.8 5.6 

75 3.6 7.9 3.9 3.9 8.2 4.6 4.0 8.3 6.0 3.9 8.2 6.2 

200 6.0 10.2 2.6 6.5 10.6 3.2 6.6 10.7 4.6 6.6 10.6 4.0 

200 5.9 10.1 3.1 6.4 10.5 3.7 6.5 10.6 5.1 6.4 10.5 4.8 

200 5.4 9.7 3.5 5.9 10.1 4.2 6.0 10.1 5.6 5.9 10.1 5.6 

200 3.9 8.2 4.0 4.2 8.5 4.6 4.3 8.6 6.1 4.2 8.5 6.2 

1000 6.2 10.4 2.6 6.8 10.8 3.2 6.9 10.9 4.6 6.8 10.8 4.0 

1000 6.1 10.4 3.1 6.7 10.7 3.7 6.8 10.8 5.1 6.7 10.8 4.8 

1000 5.8 10.1 3.5 6.3 10.4 4.2 6.4 10.5 5.6 6.4 10.5 5.6 

1000 4.1 8.5 4.1 4.5 8.8 4.7 4.6 8.9 6.1 4.5 8.8 6.3 

 

Figure 5.14 to Figure 5.17 are example area plots of predicted significant wave heights and wave direction 
for the ARTEMIS model runs for the part-built and fully-built layouts, corresponding to the 1000-year wave 
conditions with the highest wave (first line of the 1000 year conditions in Table 5.2). Colour contours indicate 
significant wave height and arrows indicate mean wave direction. They highlight the variability of the 
predicted significant wave heights along the MOLF quays and along the cofferdam sections.   

Results were extracted at the nearshore locations by averaging wave heights over circles or along a profile 
so as to obtain the most representative case to be used in assessing the average overtopping rate along 
each section of quay. 
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Figure 5.15
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Figure 5.16
1000-year “
Source: HR

 

4-R04-00 

: Example of
“2187 reason
R Wallingford 

f predicted s
nably foresee
ARTEMIS mo

ignificant wa
eable” condit
odelling 

ave height an
tions 

nd mean wavve direction fo

Main Site W

for the fully-b

Wylfa Newydd

Wave Modelling

72

built layout, 

d

g

2



 

 
DEM7943-RT004

 

Figure 5.17
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Source: HR
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5.4.1. 57BWave height extremes analysis 

The marginal extreme wave conditions at the ARTEMIS nearshore locations are summarised in Table 5.3 to 
Table 5.6. The term “marginal extreme” refers to the extreme of a single variable (in this case Hs) irrespective 
of the value of other variables (e.g. water level). It is to distinguish between the extreme of a single variable 
rather than the joint probability condition. 

Table 5.3 lists the “2023 present-day” extreme wave conditions for the part-built layout.  Table 5.4 to 
Table 5.6 list the extreme wave conditions at the MOLF quays for the fully-built layout, for the “2087 
reasonably foreseeable”, the “2187 reasonably foreseeable” and “2087 credible maximum” scenarios.  

The waves on Table 5.3 to Table 5.6 are based on the full set of runs of the ARTEMIS model from the 
different points along each return period joint-exceedence curve. The return periods relate to the return 
periods at Point P1 at the boundary of the ARTEMIS model near the entrance of the harbour. 

Table 5.3: Nearshore extreme wave conditions at for the part-built layout, “2023 present-day” conditions 

Return 
Period 
(years) 

A1 (MOLF berth 1) A2 (MOLF berth 2) A3a (Cofferdam) A3b (Cofferdam) 

Hs 

(m) 

Tm-10 

(s) 

Hs 

(m) 

Tm-10 

(s) 

Hs 

(m) 

Tm-10 

(s) 

Hs 

(m) 

Tm-10 

(s) 

5 3.42 8.61 3.46 8.6 2.13 8.4 2.88 8.4 

25 3.80 9.15 3.73 9.0 2.33 8.8 3.33 9.1 

75 3.99 9.39 3.82 9.2 2.50 9.2 3.49 9.5 

200 4.08 9.49 3.88 9.3 2.63 9.3 3.56 9.6 

1000 4.18 9.72 3.96 9.5 2.73 9.6 3.66 9.7 

Source: ARTEMIS modelling 

Table 5.4: Nearshore extreme wave conditions at for the fully-built layout, “2087 reasonably foreseeable” 
conditions 

Return 
Period 
(years) 

A1 (MOLF berth 1) A2 (MOLF berth 2) 

Hs 

(m) 

Tm-10 

(s) 

Hs 

(m) 

Tm-10 

(s) 

5 3.42 8.9 3.26 8.8 

25 3.88 9.6 3.59 9.5 

75 4.06 9.8 3.81 9.7 

200 4.20 10.0 3.98 10.0 

1000 4.35 10.2 4.10 10.2 

Source: ARTEMIS modelling 
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Table 5.5: Nearshore extreme wave conditions at for the fully-built layout, “2187 reasonably foreseeable” 
conditions 

Return 
Period 
(years) 

A1 (MOLF berth 1) A2 (MOLF berth 2) 

Hs 

(m) 

Tm-10 

(s) 

Hs 

(m) 

Tm-10 

(s) 

5 3.47 8.9 3.27 8.8 

25 3.92 9.6 3.73 9.6 

75 4.16 9.9 3.96 9.9 

200 4.27 10.0 4.10 10.0 

1000 4.40 10.2 4.22 10.2 

Source: ARTEMIS modelling 

Table 5.6: Nearshore extreme wave conditions at for the fully-built layout, “2087 credible maximum” 
conditions 

RP 

A1 (MOLF berth 1) A2 (MOLF berth 2) 

Hs 

(m) 

Tm-10 

(s) 

Hs 

(m) 

Tm-10 

(s) 

5 3.45 8.9 3.27 8.8 

25 3.90 9.6 3.70 9.5 

75 4.13 9.9 3.91 9.9 

200 4.24 10.0 4.07 10.0 

1000 4.38 10.2 4.20 10.2 

Source: ARTEMIS modelling 

5.4.2. 58BJoint-probability of large waves and high sea levels 

ARTEMIS results are summarised here as joint exceedence curves at the nearshore locations inside the 
harbour shown in Figure 5.13: A1 for the northern MOLF quay, A2 for the southern MOLF quay and A3a/b 
for the cofferdam. 

Full sets of joint exceedence wave and sea level results are provided for the “2023 present-day” conditions 
for the part-built layout and for  the “2087 reasonably foreseeable”, the “2187 reasonably foreseeable”  and 
“2087 credible maximum” scenarios for the fully-built layout, including extreme wave conditions (Hs, Tm-10, 
direction) irrespective of sea level.  The results are shown as joint exceedence curves in Figure 5.18 to 
Figure 5.21 and in Table F.1 to Table F.10 in Appendix F.   

The conditions in Appendix F are the full set of results covering all joint-exceedence conditions from each 
return period (as plotted in Figure 5.18 to Figure 5.21).  The marginal wave height extremes (i.e the 
univariate extreme irrespective of water level) are the conditions for each return period giving the highest 
wave height. 

 

 



 

 
DEM7

Figu
Sour

943-RT004-R04-00 

re 5.18: High wat
rce: HR Wallingfor

 

er joint probability
rd analysis 

y, MOLF and coffe
 

erdam cross-sections, part-built layyout, “2023 presennt-day” conditions 

 

 

Wylfa N

Main Site Wave Mo

 

Newydd 

odelling 

76



 

 
DEM7

Figu

943-RT004-R04-00 

re 5.19: High wat

 

er joint probabilityy, MOLF and coffeerdam cross-sections, fully-built layyout, “2087 reasonnably foreseeablee” conditions 

Wylfa N

Main Site Wave Mo

 

Newydd 

odelling 

77



 

 
DEM7

Figu

943-RT004-R04-00 

re 5.20: High wat

 

er joint probabilityy, MOLF and coffeerdam cross-sections, fully-built layyout, “2187 reasonnably foreseeablee” conditions 

Wylfa N

Main Site Wave Mo

 

Newydd 

odelling 

78



 

 
DEM7

Figu

 

 

943-RT004-R04-00 

re 5.21: High wat

 

er joint probabilityy, MOLF and coffeerdam cross-sections, fully-built layyout, “2087 credible maximum” conditions 

Wylfa N

Main Site Wave Mo

 

Newydd 

odelling 

79



 

 
DEM7943-RT004

6. 7BOv
If a wave is 
When run-u
commonly e
length (for e
overtopping
and the still 
relative to th

Overtopping
type, among
estimate cu
overtopping
small propo
associated w
rate. 

The concep
(i.e. without
to the struct
standard ov

For extreme
wave overto

 28BOv6.1.

6.1.1. 59BM

The norther
250°N.  The
300°N.  The
Figure 5.13
predictions 
structures. 

6.1.2. 60BC

Although th
prior to its re
Positions A3
The represe
Position A3
elevation cr
cofferdam w

 

4-R04-00 

vertopp
large enoug

up exceeds a
expressed as
example per 
g rate is sens

water level. 
he structure 

g rate formul
gst which ind
rves.  Typica

g rate predict
ortion of indiv
with the indiv

pt of wave ov
t wave action
ture level, ev
vertopping ra

e sea conditi
opping rates 

vertoppi

Materials 

rn MOLF qua
e southern M
e two MOLF 
.  For both q
relate to wat

Cofferdam

e cofferdam 
emoval.  The
3a and A3b 
entative toe l
b within the A

rest of the co
would be pre

ping ra
gh to cross ov
a structure cr
s a volume (f
metre) of str

sitive to wave
 It also depe
of the wave 

ae are based
dividual meas
ally, without s
tion is about 
vidual waves 
vidual maxim

vertopping, a
n) is below th
ven to the po
ate formulae 

ons of intere
are estimate

ng struc

Off-Loadi

ay is situated
MOLF quay lie

quays and th
uays, the se
ter onto the +

m 

would no lon
e cofferdam c
in Figure 5.1
evel for the c
ARTEMIS m

offerdam.  On
sent only du

ate ass
ver onto the 
rest level, it b
for example 
ructure, aver
e height, wav
ends on struc
attack. 

d on fitting c
surements m
structure-spe
a factor or tw
cause any o

mum wave in

nd the predic
he structure b
oint where the
become inap

est, based on
ed for points 

cture cro

ing Facility

d just to the s
es about 160
heir wave pre
abed level is
+5mOD elev

nger be pres
cross-section
3.  The seaw
cofferdam is 

model.  Overto
nly the part-b
ring construc

sessme
land, driven 

becomes ove
litres) per tim

raged over a 
ve period and
cture cross-s

urves to ove
might lie up to
ecific measu
wo, although
overtopping. 
 a sequence

ction of over
being overto
e structure m
pplicable. 

n the joint pro
at the harbo

oss-sect

y (MOLF)

south of the e
0m south of t
ediction Pos
s approximat
vation platform

sent in the fu
n is shown in
ward-facing s
taken as -10

opping rate p
built layout an
ction). 

ent 
by its forwar

ertopping.  O
me (for exam

period of tim
d the differen
section and r

ertopping rate
o an order of
rements, the
 it can be hig
 Peak mome

e, can be ma

rtopping rate,
pped.  As wa

may be subm

obability ana
our structures

tions and

) 

eastern brea
the northern 
itions A1 and
tely -11.9mO
ms.  Both MO

lly-built layou
n Figure 6.1, 
slope of the c
0.0mOD, cor
predictions re
nd the 2023 

rd momentum
Overtopping m
mple per seco
me (for exam
nce between
roughness an

es measured
f magnitude o
e level of acc
gher for low r
entary overto
ny times gre

, assume tha
ater level inc

merged even w

lysis results,
s and at the c

d crest l

kwater, and 
quay, and fa

d A2 are situ
OD, and the o
OLF quays a

ut, wave ove
and its wave

cofferdam is 
rresponding t
elate to wate
scenario are

Main Site W

m, it become
magnitude is
ond) per horiz
ple one hour

n the structur
nd on the ob

d on structure
outside the b

curacy expec
rates in whic
opping rate, p
eater than the

at the still wa
creases to be
without wave

, hourly-aver
cofferdam. 

levels 

faces appro
aces approxi
uated as show
overtopping r
are vertical b

ertopping is o
e prediction 
a rough 1:1
to the bed le

er onto the +5
e relevant (as

Wylfa Newydd

Wave Modelling

80

es “run-up”.  
most 

zontal 
r).  Average 
re crest level 
bliquity 

es of similar 
best 
cted from an 
ch only a 
possibly 
e average 

ater level 
ecome close 
e action, 

raged mean 

ximately 
mately 
wn in 
rate 
lock wall 

of interest 

.5 slope.  
evel at 
5mOD 
s the 

d

g

0



 

 
DEM7943-RT004

 
 

Figure 6.1: T

Source: Di

 29BCa6.2.
Overtopping
combination
interest, usi
waves has b
cofferdam. 

Freeboard i
structures d
a positive va
some protec
small positiv

Where the f
are used, fo
freeboard is
causes min
weiring type

All calculatio
into which th
where the M

 30BEs6.3.
Unless brea
maximum d
of spot valu

 

4-R04-00 

Typical cross

iagram assem

alculatio
g rate (q) is e
ns of large w
ng the indus
been accoun

s the structu
designed to k
alue of order
ction from wa
ve value, or e

freeboard is 
or vertical wa
s a negative 
imal addition

e formula is u

ons of overto
he overtoppi

MOLF quays 

stimated
aching occur
duration of, sa
es at high tid

s-section for

mbled by Horiz

on metho
estimated for

waves and hig
stry standard
nted for in the

ure crest elev
keep overtop
r the same va
ave action, w
even a nega

greater than
alls for the M
value greate

nal overtoppi
used.  Betwe

opping and fl
ng water wil
are complet

d overtop
rs, each over
ay, 3 hours, 
de during an 

r the cofferda

on Nuclear Po

ods 
r the MOLF q
gh sea levels
 methods de
e calculation

vation above 
pping to a min
alue as the la

where high o
ative value (m

 10% of the s
OLF quays, 

er than 30% o
ng, on top of

een these two

low rate assu
l flow (as in t
tely submerg

pping ra
rtopping “eve
with peak ov
event, assoc

am 

ower to illustra

quays and fo
s, for each re
escribed in E
ns, assuming

 the still (tha
nimum, even
argest wave

overtopping m
meaning the s

significant w
and for stee
of the inciden
f the continu
o limits, linea

ume, effectiv
the case of t

ged and surro

ates at th
ent” would pe
vertopping oc
ciated with e

ate the cofferd

or the cofferd
eturn period a
urOtop (Pull
 45° obliquity

t is without w
n during extre

heights.  Fo
may be tolera
structure cre

wave height, s
p embankme
nt significant
ous flow ass
ar interpolatio

vely, that the
he cofferdam
ounded by w

he MOLF
ersist only ov
ccurring at h
each of the o

 

dam cross-sec

dam, for a sm
and climate c
en et al., 200
y at the MOL

wave action) 
eme conditio

or structures 
ated, freeboa
est is submer

standard wav
ents for the c
t wave heigh
sociated with 
on based on 

re is a dry pit
m).  In practic
water, the net

F quays
ver a high tid
igh tide.  Ma
vertopping c

Main Site W

ction 

mall number o
changed sce
07).  The obl
LF and 0° at 

water level. 
ons, freeboar
designed to 

ard may take
rged). 

ve overtoppi
cofferdam.  W
t, the wave a
 inundation, 
 sea level is 

t behind the 
ce, for the ex
tt flow may b

s 
e, therefore 

ain results are
cross-section

Wylfa Newydd

Wave Modelling

81

of 
enario of 
iquity of the 
the 

 For 
rd would be 
provide 

e only a 

ng formulae 
Where the 
action 
and so a 
applied. 

structure 
xample 
e minimal.   

with a 
e in the form

ns 

d

g

  

 



 

 

 
Wylfa Newydd

Main Site Wave Modelling

DEM7943-RT004-R04-00 82

introduced in Section 6.1.  The overtopping rate was calculated for each of the joint probability wave and 
water level combinations tabulated in Appendix F for the relevant scenarios.  For each joint return period, the 
results listed in Table 6.1 relate to the joint exceedence wave and sea level condition that produces the 
highest overtopping at each of the MOLF quays, for the present-day 2023 case.  The following parameters 
are given: 

 the wave condition, in terms of height and period averaged over a three-hour duration, at the ARTEMIS 
wave prediction Point A1 or A2; 

 the associated extreme sea level, in terms of high-tide peak level; 

 mean (averaged over a period of, say, one hour) overtopping rate onto the structure, expressed as a 
volume of water per second per metre run of structure. 

Table 6.1: Peak values of mean overtopping rate, for waves and sea levels with joint exceedence return 
periods of 5, 25, 75, 200 and 1000 years, for the MOLF quay crest levels of 5mOD, for the present-day 2023 
case 

Return 
period 
(years) 

Northern MOLF quay Southern MOLF quay 

Worst case sea condition, 
ARTEMIS Point A1 

Mean o/t 
rate 

(l/s/m) 

Worst case sea condition, 
ARTEMIS Point A2 

Mean o/t 
rate 

(l/s/m) Hs(s) Tm-10 (s) s/l 
(mOD) 

Hs(s) Tm-10 (s) s/l 
(mOD) 

5 3.00 8.0 3.30 158 3.27 8.2 3.05 168 

25 3.53 8.7 3.30 249 3.53 8.6 3.30 249 

75 3.79 9.1 3.30 300 3.52 8.6 3.54 292 

200 3.77 9.0 3.54 348 3.66 8.8 3.54 323 

1000 4.03 9.4 3.54 410 3.62 8.6 3.78 371 

Source: Table entries show, for each return period, the joint exceedence sea condition at the ARTEMIS Points A1 
and A2 causing the highest overtopping rate: “peak” in the table title refers to conditions at high tide; “mean” in 
the table title refers to overtopping rate averaged over about one hour; the unit for overtopping rate is litres per 
second per metre horizontal distance. 

Note: The accuracy of the overtopping calculations justifies only one significant figure, however as the values are 
being used in later calculations, in this and similar tables, more significant figures are shown. 

Table 6.2 to Table 6.4 show the corresponding mean overtopping rate estimations at the peak of the tide for 
the reasonably foreseeable to 2087, the reasonably foreseeable to 2187, and the credible maximum to 2087 
scenarios, respectively.  Note that for the reasonably foreseeable to 2187, and the credible maximum to 
2087 scenarios, most of the joint-exceedence wave and water level combinations are conditions where the 
MOLF quays would be under water (when the sea level is above the quay level) and are therefore not used 
in the calculations.  Under these circumstances the whole MOLF platform at 5.0mOD level would be flooded 
by the still water level alone. 
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Table 6.2: Peak values of mean overtopping rate, for waves and sea levels with joint exceedence return 
periods of 5, 25, 75, 200 and 1000 years, for the MOLF quay crest levels of 5.0mOD, for the reasonably 
foreseeable 2087 climate-changed scenario  

Return 
period 
(years) 

Northern MOLF quay Southern MOLF quay 

Worst case sea condition, 
ARTEMIS Point A1 

Mean o/t 
rate 

(l/s/m) 

Worst case sea condition, 
ARTEMIS Point A2 

Mean o/t 
rate 

(l/s/m) Hs(s) Tm-10 (s) s/l 
(mOD) 

Hs(s) Tm-10 (s) s/l 
(mOD) 

5 3.03 8.3 3.92 270 2.84 8.2 3.92 232 

25 3.54 9.1 3.92 388 3.32 9.0 3.92 334 

75 3.54 9.0 4.16 461 3.33 8.9 4.16 404 

200 3.80 9.5 4.16 533 3.59 9.4 4.16 473 

1000 3.77 9.2 4.4 617 3.87 9.8 4.16 555 

Source: Table entries show, for each return period, the joint exceedence sea condition at the ARTEMIS Points A1 
and A2 causing the highest overtopping rate: “peak” in the table title refers to conditions at high tide; “mean” in 
the table title refers to overtopping rate averaged over about one hour; the unit for overtopping rate is litres per 
second per metre horizontal distance. 

Table 6.3: Peak values of mean overtopping rate, for waves and sea levels with joint exceedence return 
periods of 5, 25, 75, 200 and 1000 years, for the MOLF quay crest levels of 5.0mOD, for the reasonably 
foreseeable 2187 climate-changed scenario  

Return 
period 
(years) 

Northern MOLF quay Southern MOLF quay 

Worst case sea condition, 
ARTEMIS Point A1 

Mean o/t 
rate 

(l/s/m) 

Worst case sea condition, 
ARTEMIS Point A2 

Mean o/t 
rate 

(l/s/m) Hs(s) Tm-10 (s) s/l 
(mOD) 

Hs(s) Tm-10 (s) s/l 
(mOD) 

5 3.30 8.7 5.00 1077 3.14 8.6 5.00 1000 

25 3.82 9.5 5.00 1341 3.63 9.4 5.00 1239 

75 4.09 9.8 5.00 1487 3.93 9.9 5.00 1399 

200 4.22 10.0 5.00 1558 4.06 10.0 5.00 1466 

1000 4.36 10.1 5.00 1634 4.16 10.1 5.00 1523 

Source: Table entries show, for each return period, the joint exceedence sea condition at the ARTEMIS Points A1 
and A2 causing the highest overtopping rate: “peak” in the table title refers to conditions at high tide; “mean” in 
the table title refers to overtopping rate averaged over about one hour; the unit for overtopping rate is litres per 
second per metre horizontal distance. 
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Structure Return period Worst case sea condition, ARTEMIS point Mean overtopping 

ARTEMIS 
Point A2 

75 3.52 8.6 3.54 339 

200 3.66 8.8 3.54 415 

1000 3.81 9.2 3.54 505 

Source:  Table entries show, for each return period, the joint exceedence sea condition at the relevant ARTEMIS point 
causing the highest overtopping rate: “peak” in the table title refers to conditions at high tide; “mean” in the 
table title refers to overtopping rate averaged over about one hour; the unit for overtopping rate is litres per 
second per metre horizontal distance. 

The overtopping rates are higher than would be acceptable for a permanent embankment, particularly at the 
eastern end of the cofferdam, and some damage may occur even during the 5 year return period conditions.  
It is possible, therefore, that the cofferdam crest level will need to be raised, at least along parts of its length.  
For illustrative purposes, Table 6.6 shows the mean overtopping rate predictions at the peak of the tide for 
the eastern part of the cofferdam, again for the part-built layout and the 2023 scenario only, for alternative 
structure crest levels of 6 and 7mOD.  (For convenience the results for the 5.0mOD crest level, copied from 
Table 6.5, are also listed in Table 6.6.) 

Table 6.6: Peak values of mean overtopping rate, for waves and sea levels with joint exceedence return 
periods of 5, 25, 75, 200 and 1000 years, for the eastern part of the cofferdam, for the present-day (2023) 
scenario, illustrating sensitivity to the cofferdam crest level 

Structure 
Return period 

(years) 

Worst case condition, ARTEMIS Point A2 Mean overtopping 
rate (l/s/m) Hs(s) Tm-10 (s) s/l (mOD) 

Cofferdam 
crest level 

+5mOD (from 
Table 6.5) 

5 3.27 8.2 3.05 117 

25 3.53 8.6 3.30 252 

75 3.52 8.6 3.54 339 

200 3.66 8.8 3.54 415 

1000 3.81 9.2 3.54 505 

Sensitivity tests 

Cofferdam 
crest level 
+6mOD 

5 3.27 8.2 3.05 29 

25 3.53 8.6 3.30 69 

75 3.70 8.9 3.30 93 

200 3.66 8.8 3.54 118 

1000 3.81 9.2 3.54 151 

Cofferdam 
crest level 
+7mOD 

5 3.41 8.5 2.81 7 

25 3.53 8.6 3.30 19 

75 3.70 8.9 3.30 27 

200 3.81 9.1 3.30 34 

1000 3.81 9.2 3.54 45 

Source:  Table entries show, for each return period, the joint exceedence sea condition causing the highest overtopping 
rate: “peak” in the table title refers to conditions at high tide; “mean” in the table title refers to overtopping rate 
averaged over about one hour; the unit for overtopping rate is litres per second per metre horizontal distance. 
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Table 6.7: Overtopping of the cofferdam during the 5-year return period event, for the part-built layout and 
present-day 2023 conditions 

 Crest level 5.0mOD, 
sea level 3.05mOD 

Crest level 6.0mOD, 
sea level 3.05mOD 

Crest level 7.0mOD, 
sea level 2.81mOD 

West cofferdam, ARTEMIS Point A3a, assumed 130m length 

Hs(s) 2.09 2.09 2.13 

Tm-10 (s) 8.11 8.11 8.29 

Peak o/t rate (l/s/m) 4.6 0.51 0.04 

Through tide o/t rate ( m3/tide/m) 33 3.7 0.3 

Through tide volume (m3/tide/130m) 4303 479 39 

Depth in cofferdam dry area (m) 0.05 0.01 0.00 

Middle cofferdam, ARTEMIS Point A3b, assumed 75m length 

Hs(s) 2.70 2.82 2.82 

Tm-10 (s) 8.20 8.36 8.36 

Peak o/t rate (l/s/m) 33 8.9 1.18 

Through tide o/t rate ( m3/tide/m) 271 75 10 

Through tide volume (m3/tide/75m) 20288 5613 742 

Depth in cofferdam dry area (m) 0.23 0.06 0.01 

East cofferdam, ARTEMIS Point A2, assumed 65m length 

Hs(s) 3.27 3.27 3.41 

Tm-10 (s) 8.25 8.25 8.46 

Peak o/t rate (l/s/m) 117 29 7.4 

Through tide o/t rate ( m3/tide/m) 1061 260 68 

Through tide volume (m3/tide/65m) 68961 16902 4417 

Depth in cofferdam dry area (m) 0.78 0.19 0.05 

Accumulated average depth (m) of water behind the cofferdam, through tide 

 1.06 0.26 0.06 

Note: In places, figures are given to an unrealistic level of precision to facilitate tracing of the calculations. 
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0BAppendices 

A. Construction design and management regulations 
(CDM, 2015) 

The Construction (Design and Management) Regulations 2015 (CDM 2015) require a designer to avoid 
foreseeable risks to those involved in construction and future use of the structure, and in doing so, they 
should eliminate hazards (so far as is reasonably practicable, taking into account other design 
considerations) and reduce and control risks associated with those hazards which remain.  It is essential 
that, where required to do so, a principal designer and principal contractor are appointed to fulfil their 
respective duties under the CDM 2015.  It is also essential to highlight and record the impacts of the works 
on health, safety and welfare which should feed into the Health and Safety File (if required).  Further details 
of the requirements of CDM 2015 can be found on: 

http://www.hse.gov.uk/construction/cdm/2015/index.htm 

This project comprises modelling and desk study elements which may ultimately be used by others in the 
design process.  No design work, as defined in the CDM 2015, has been undertaken by HR Wallingford.  It is 
assumed that the appointed principal designer will review the information produced in this study when 
discharging his duties under the CDM 2015. 
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B. The SWAN wave transformation model 
  



 

 

 

 

 

  

The SWAN wave transformation model 

1. Introduction 

SWAN is a computational spectral wave transformation model.  It can be used to obtain realistic estimates of 

wave parameters in coastal areas, lakes and estuaries from given wind, seabed, and current conditions.  

The model has been developed by the Technical University of Delft (TU Delft). 

SWAN is based on a fully spectral representation of the wave action balance equation (or energy balance in 

the absence of currents) with all physical processes modelled explicitly.  No a priori limitations are imposed 

on the spectral evolution.  This makes SWAN (Simulating WAves Nearshore) a third-generation wave model. 

The model has been used successfully at numerous sites around the UK and in other parts of the world.  It is 

designed to represent the following wave propagation processes: 

 refraction due to spatial variations in seabed and current, 

 shoaling due to spatial variations in seabed and current, 

 blocking and reflections by opposing currents, 

 transmission through, blockage by or reflection from obstacles (such as coastlines or breakwaters). 

The following wave generation and dissipation processes are also represented in SWAN: 

 generation by wind, 

 dissipation by whitecapping, 

 dissipation by depth-induced wave breaking, 

 dissipation by seabed friction, 

 wave-wave interactions (quadruplets and triads), 

 obstacles. 

Diffraction is not represented in SWAN, so the model should not be used in areas where variations in wave 

height are large within a horizontal scale of a few wavelengths.  Because of this, the wave field computed by 

SWAN will generally not be accurate in the immediate vicinity of obstacles. 

The SWAN wave model has been conceived to be a computationally feasible third-generation spectral wave 

model for waves in shallow water (including the surf zone) with ambient currents. 

2. The SWAN wave model 

The SWAN model represents the waves in terms of the two-dimensional wave action density spectrum 

),( N , even when nonlinear phenomena dominate (e.g., in the surf zone).  The independent variables are 

the relative frequency   (as observed in a frame of reference moving with the action propagation velocity) 

and the wave direction   (the direction normal to the wave crest of each spectral component).  The action 

density is equal to the energy density divided by the relative frequency:  /),(),( EN  . 

  



 

 

 

 

 

  

In SWAN the two-dimensional wave action density spectrum may vary in time and space.  Its evolution is 

described by the spectral action balance equation, which for Cartesian coordinates is (e.g. Hasselmann et 

al., 1973): 
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The first term in the left-hand side represents the local rate of change of action density in time.  The second 

and third term represent propagation of action in geographical x and y space (with propagation velocities 

xC and yC  respectively).  The fourth term represents shifting of the relative frequency due to variations in 

depths and currents in time (with propagation velocity C in  space).  The fifth term represents 

propagation of action in  space (depth-induced and current-induced refraction) with propagation velocity 

C .  The expressions for these propagation speeds are taken from linear wave theory.  The term ),( S  at 

the right hand side of the action balance equation is the source term representing the effects of generation, 

dissipation and non-linear wave-wave interactions. 

The formulations for the generation, the dissipation and the quadruplet wave-wave interactions are taken 

from the WAM model (WAM Cycle3, WAMDI group, 1988, and optionally WAM Cycle4, Komen et al., 1994).  

These are supplemented with a spectral version of the dissipation model for depth-induced breaking of 

Battjes and Janssen (1978) and a more recently formulated discrete interaction approximation for the triad 

wave-wave interactions (Eldeberky and Battjes, 1995). 

Transfer of wind energy to the waves 

The transfer of wind energy to the waves is described in SWAN with a resonance mechanism (Phillips, 1957) 

and a feed-back mechanism (Miles, 1957).  The corresponding source term for these mechanisms is 

commonly described as the sum of linear and exponential growth: 

),(EBA),(Sin    (2) 

in which A and B depend on wave frequency and direction, and wind speed and direction.  The effects of 

currents are accounted for in SWAN by using the apparent local wind speed and direction.  The expression 

for the term A  is due to Cavaleri and Malanotte-Rizzoli (1981, revised by Tolman, 1992).  Two optional 

expressions for the coefficient B are used in the model.  The first is due to Snyder et al. (1981), re-scaled in 

terms of friction velocity by Komen et al. (1984).  The second expression is due to Janssen (1991) and 

accounts explicitly for the interaction between the wind and the waves by considering atmospheric boundary 

layer effects and the roughness length of the sea surface. 

Whitecapping 

Whitecapping is primarily controlled by the steepness of the waves.  In presently operating third-generation 

wave models (including SWAN) the whitecapping formulations are based on a pulse-based model 

(Hasselmann, 1974), as adapted by the WAMDI group (1988): 
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where   is a steepness dependent coefficient, k  is wave number and 
~

 and 
~

k denote a mean frequency 

and a mean wave number, respectively (cf. the WAMDI group, 1988).  The value of  depends on the wind 

input formulation that is used.  Since two expressions are used for the wind input in SWAN, two values for   

are used.  The first is due to Komen et al. (1984), and is used in SWAN when the wind input coefficient of 

Komen et al. (1984) is used.  The second expression is an adaptation of this expression based on Janssen 

(1991).  It is used when the wind input term of Janssen (1991) is used. 

Depth-induced dissipation 

Depth induced-dissipation may be caused by seabed friction, by seabed motion, by percolation or by back-

scattering on seabed irregularities.  For continental shelf seas with sandy seabeds, the dominant mechanism 

appears to be seabed friction, which can generally be represented as: 

),(E
)kd(sinhg

c),(S bedb,ds 



22

2

  (4) 

in which bedc  is a seabed friction coefficient.  A large number of models has been proposed.  Hasselmann et 

al. (JONSWAP, 1973) suggested use of an empirically obtained constant.  This seems to perform well in 

many different conditions as long as a suitable value is chosen (typically different for swell and wind sea; 

Bouws and Komen, 1983).  A nonlinear formulation based on drag has been proposed by Hasselmann and 

Collins (1968), which was later simplified by Collins (1972), and is also implemented in SWAN.  More 

complicated, eddy viscosity models have been developed by Madsen et al. (1988).  The effect of a mean 

current on the wave energy dissipation due to seabed friction is not taken into account in SWAN. 

Depth-induced wave breaking 

Although the process of depth-induced wave breaking is still poorly understood and little is known about its 

spectral modelling, the total dissipation (i.e. integrated over the spectrum) can be well modelled with the 

dissipation of a bore applied to the breaking waves in a random field.  And laboratory observations show that 

the shape of initially uni-modal spectra propagating across simple (barred) beach profiles is fairly insensitive 

to depth-induced breaking.  This has led Eldeberky and Battjes (1995) to formulate a spectral version of the 

bore model of Battjes and Janssen (1978) which conserves the spectral shape.  Their expression has been 

expanded in the SWAN model to include direction: 

)E(σ(
E
D

)(σσS
tot

tot
brds,    (5) 

in which totE  is the total wave energy and totD (which is negative) is the rate of dissipation of the total energy 

due to wave breaking according to Battjes and Janssen (1978).  The value of totD depends critically on the 

breaking parameter dH /max (in which maxH is the maximum possible individual wave height in the local 

water depth d ).  In SWAN   has a constant value (default is 0.73 corresponding to the mean value of the 

data set of Battjes and Stive, 1985). 

Wave transmission 

SWAN can estimate wave transmission through a structure such as a breakwater.  Since obstacles usually 

have a plan area that is too small to be resolved by the bathymetric grid, in SWAN, an obstacle is modelled 

as a line.  The transmission coefficient is defined as the ratio of the (significant) wave height at the 

downwave side of the breakwater over the (significant) wave height at the upwave side.  If the crest of the 



 

 

 

 

 

  

breakwater is such that waves can pass over, the transmission coefficient is taken from Goda et al. (1967) 

and is expressed as a function of wave height and freeboard (difference in crest level and water level). 

Note that a change in wave frequency is to be expected as well as a change in wave height, since often the 

process above the breakwater is highly non-linear.  But given the little information available, SWAN assumes 

that the frequencies remain unchanged over an obstacle (only the energy scale of the spectrum is affected 

and not the spectral shape). 

Nonlinear wave-wave interactions 

In deep water, quadruplet wave-wave interactions dominate the evolution of the spectrum.  They transfer 

wave energy from the spectral peak to lower frequencies (thus moving the peak frequency to lower values) 

and to higher frequencies (where the energy is dissipated by whitecapping).  In very shallow water, triad 

wave-wave interactions transfer energy from lower frequencies to higher frequencies often resulting in higher 

harmonics (Beji and Battjes, 1993; low-frequency energy generation by triad wave-wave interactions is not 

considered here). 

A full computation of the quadruplet wave-wave interactions is extremely time consuming and not 

convenient in any operational wave model. A number of techniques, based on parametric methods or other 

types of approximations have been proposed to improve computational speed.  In SWAN the computations 

are carried out with the Discrete Interaction Approximation (DIA) of Hasselmann et al. (1985).  Eldeberky and 

Battjes (1995) introduced a discrete triad approximation (DTA) for co-linear waves, obtained by considering 

only the dominant self-self triad interactions.  Their model has been verified with flume observations of 

long-crested, random waves breaking over a submerged bar (Beji and Battjes, 1993) and over a barred 

beach (Arcilla et al., 1994).  A slightly different version, the Lumped Triad Approximation (LTA) was later 

derived by Eldeberky (1996) and is used in SWAN. 

Cycle III of SWAN is stationary and optionally non-stationary, formulated in Cartesian (recommended only for 

small scales) or spherical (small scales and large scales) coordinates.  The stationary mode should be used 

only for waves with a relatively short residence time in the computational area under consideration (i.e. small 

travel time of the waves through the region compared to the time scale of the geophysical conditions: wave 

boundary conditions, wind, tides and storm surge).  A quasi-stationary approach can be taken with stationary 

SWAN computations in a time-varying sequence of stationary conditions. 

The current version of SWAN can be used on any scale relevant for wind generated surface gravity waves, 

as the model now uses more accurate numerical propagation schemes and can compute on spherical co-

ordinates (longitude, latitude), allowing calculations in laboratory situations, coastal regions, shelf seas and 

oceans.  However, SWAN is specifically developed for coastal applications, which would usually not require 

such flexibility in scale.  And it must be emphasized that on oceanic scales SWAN is certainly less efficient 

on oceanic scales than WAVEWATCH III and probably also less efficient than WAM. 

Fully implicit numerical schemes are used in the SWAN model for propagation in both geographic and 

spectral spaces (an iterative, forward-marching, four-sweep technique due to Ris et al., 1994).  This scheme 

is unconditionally stable in contrast with the explicit schemes of conventional spectral wave models. 



 

 

 

 

 

  

Typical results 

1. Colour contour plots of significant wave height, Hs, and vector plots of mean wave direction over the 

model area. 

2. Tables of Hs, Tz, Tp and mean direction at a selection of inshore locations.  For example the model can 

be used to investigate which offshore wave conditions lead to the worst inshore wave heights at a 

particular site. 

3. SWAN also calculates fields of wave-induced forces per unit surface area, wave orbital velocities, and a 

variety of other parameters.  Such results can be used directly as input into a sediment transport model. 

4. 2D (frequency and direction) spectrum at a selection of inshore location.  Information of this type would 

normally be required as input to a numerical harbour model or a mathematical model of beach 

processes.  In addition this information would also be needed at the wave paddle positions in a physical 

model in order to generate the correct random wave sequence for design studies. 
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C. Nearshore wave climates (present-day conditions) 
The wave modelling underlying these wave climates was undertaken at actual sea levels appropriate to each 
record, with no mark up of offshore wave and wind conditions beyond that determined during the wave 
model calibration, and no allowance for uncertainty.  Present-day wave roses and frequency tables are 
presented for the nearshore output locations (see Figure 4.4) for the baseline, part-built and fully-built 
layouts. Note that Point 9 is not provided for the part-built and fully-built layouts as a local phase-resolving 
wave disturbance model is required for modelling inside the harbour. 

Seasonal (summer and winter) wave climates are presented for Points 2, 3, 4 and 6. Frequency tables 
(annual and seasonal) are also provided at the nearshore points in digital format. 

Occurrence is in parts per hundred thousand in all frequency tables. 

C.1. Annual conditions 
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Table C.1: Annual wave climate at Point 1, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 4622 5104 6119 1265 956 1032 2015 3895 5062 10382 16205 5720 

0.5 1 37.62% 2735 2428 3325 20 11 2 3 6 37 977 9256 4094 

1 1.5 14.73% 1653 1363 443 - - - - - - - 2913 2468 

1.5 2 5.89% 702 485 58 - - - - - - - 1119 1201 

2 2.5 2.32% 326 163 6 - - - - - - - 344 567 

2.5 3 0.92% 164 31 1 - - - - - - - 107 263 

3 3.5 0.35% 80 6 - - - - - - - - 15 122 

3.5 4 0.13% 33 2 - - - - - - - - 2 52 

4 4.5 0.04% 10 <1 - - - - - - - - - 20 

4.5 5 0.01% 5 - - - - - - - - - - 5 

5 5.5 0.00% <1 - - - - - - - - - - 1 

  Percentage 
Occurrence 

10.33% 9.58% 9.95% 1.28% 0.97% 1.03% 2.02% 3.90% 5.10% 11.36% 29.96% 14.51% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.2: Annual wave climate at Point 1, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 4549 4980 6271 1333 998 1097 2173 4090 5174 10195 15869 5599 

0.5 1 37.67% 2753 2394 3314 28 10 3 4 6 43 1049 9281 4080 

1 1.5 14.71% 1631 1363 443 - - - - - - - 2932 2459 

1.5 2 5.88% 700 483 62 - - - - - - - 1130 1182 

2 2.5 2.32% 326 161 6 - - - - - - - 344 566 

2.5 3 0.92% 162 31 1 - - - - - - - 107 264 

3 3.5 0.35% 78 6 - - - - - - - - 17 124 

3.5 4 0.13% 33 2 - - - - - - - - 2 51 

4 4.5 0.04% 10 <1 - - - - - - - - - 20 

4.5 5 0.01% 5 - - - - - - - - - - 5 

5 5.5 0.00% <1 - - - - - - - - - - 1 

  Percentage 
Occurrence 

10.25% 9.42% 10.10% 1.36% 1.01% 1.10% 2.18% 4.10% 5.22% 11.24% 29.68% 14.35% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.3: Annual wave climate at Point 1, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 4441 4639 6613 1613 1057 1037 1855 3491 5463 11279 15508 5492 

0.5 1 37.51% 3016 2562 3067 33 12 7 4 6 29 1002 9034 4017 

1 1.5 14.72% 1848 1466 287 - - - - - - - 2845 2394 

1.5 2 5.88% 767 436 42 - - - - - - - 1068 1251 

2 2.5 2.32% 333 144 6 - - - - - - - 326 593 

2.5 3 0.92% 170 28 1 - - - - - - - 98 268 

3 3.5 0.35% 85 4 - - - - - - - - 14 121 

3.5 4 0.13% 38 2 - - - - - - - - 2 48 

4 4.5 0.04% 11 <1 - - - - - - - - - 19 

4.5 5 0.01% 5 - - - - - - - - - - 4 

5 5.5 0.00% <1 - - - - - - - - - - 1 

  Percentage 
Occurrence 

 10.71% 9.28% 10.02% 1.65% 1.07% 1.04% 1.86% 3.50% 5.49% 12.28% 28.89% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.4: Annual wave climate at Point 1, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 24 4278 22792 24463 9036 1544 183 34 12 3 4 3 <1 1 

0.5 1 37.62% - 8 360 8879 10605 2236 684 114 8 - - - - - 

1 1.5 14.73% - - 6 149 5423 2988 206 51 18 <1 - - - - 

1.5 2 5.89% - - <1 4 233 2854 441 24 5 3 - - - - 

2 2.5 2.32% - - - - 4 527 817 52 3 1 - - - - 

2.5 3 0.92% - - - - - 7 421 129 6 2 - - - - 

3 3.5 0.35% - - - - - - 49 167 5 2 - - - - 

3.5 4 0.13% - - - - - - 1 69 18 1 - - - - 

4 4.5 0.04% - - - - - - - 4 26 - - - - - 

4.5 5 0.01% - - - - - - - <1 8 <1 - - - - 

5 5.5 0.00% - - - - - - - - 1 <1 - - - - 

  Percentage 
Occurrence 0.02% 4.29% 23.16% 33.50% 25.30% 

10.16
% 2.80% 0.64% 0.11% 0.01% 0.00% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 - 2015; occurrence is in parts per hundred thousand 

  



 

 

 
Wylfa Newydd 

Main Site Wave Modelling 

DEM7943-RT004-R04-00 

Table C.5: Annual wave climate at Point 1, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 27 4775 22803 24459 8604 1421 183 30 13 4 6 2 <1 1 

0.5 1 37.67% - 7 378 8753 10783 2259 671 107 7 - - - - - 

1 1.5 14.71% - - 6 126 5663 2761 201 54 16 1 - - - - 

1.5 2 5.88% - - <1 2 236 2858 429 24 5 2 - - - - 

2 2.5 2.32% - - - - 2 570 777 49 4 1 - - - - 

2.5 3 0.92% - - - - - 6 428 123 6 2 - - - - 

3 3.5 0.35% - - - - - - 46 171 5 2 - - - - 

3.5 4 0.13% - - - - - - 1 70 16 1 - - - - 

4 4.5 0.04% - - - - - - - 4 25 - - - - - 

4.5 5 0.01% - - - - - - - <1 8 <1 - - - - 

5 5.5 0.00% - - - - - - - - 1 <1 - - - - 

  Percentage 
Occurrence 

0.03% 4.78% 23.19% 33.34% 25.29% 9.87% 2.74% 0.63% 0.11% 0.01% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 - 2015; occurrence is in parts per hundred thousand 
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Table C.6: Annual wave climate at Point 1, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 29 4759 22836 24467 8625 1516 190 38 14 5 5 2 <1 1 

0.5 1 37.51% - 6 369 8719 10709 2175 691 112 8 - - - - - 

1 1.5 14.72% - - 6 117 5677 2764 206 52 16 1 - - - - 

1.5 2 5.88% - - <1 2 231 2871 427 24 5 2 - - - - 

2 2.5 2.32% - - - - 2 572 773 49 4 1 - - - - 

2.5 3 0.92% - - - - - 6 427 123 6 2 - - - - 

3 3.5 0.35% - - - - - - 46 169 5 2 - - - - 

3.5 4 0.13% - - - - - - 1 71 16 1 - - - - 

4 4.5 0.04% - - - - - - - 4 25 - - - - - 

4.5 5 0.01% - - - - - - - <1 8 <1 - - - - 

5 5.5 0.00% - - - - - - - - 1 <1 - - - - 

 Percentage 
Occurrence 

0.03% 4.76% 23.21% 33.31% 25.24% 9.90% 2.76% 0.64% 0.11% 0.02% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 - 2015; occurrence is in parts per hundred thousand 
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Table C.7: Annual wave climate at Point 2, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 2609 2370 4537 1026 322 216 290 778 6004 14450 3944 3413 

0.5 1 60.04% 2160 1684 4612 429 92 61 79 150 2449 14046 4211 2447 

1 1.5 27.62% 1300 939 2059 24 3 4 5 17 309 5776 3126 1582 

1.5 2 12.48% 633 489 642 <1 - - - - 7 2009 1874 901 

2 2.5 5.92% 308 255 231 - - - - - - 663 1193 498 

2.5 3 2.77% 153 115 71 - - - - - - 225 685 303 

3 3.5 1.22% 107 49 7 - - - - - - 46 382 154 

3.5 4 0.48% 45 19 2 - - - - - - 14 140 80 

4 4.5 0.18% 19 16 - - - - - - - 7 30 44 

4.5 5 0.06% 9 2 - - - - - - - 1 5 23 

5 5.5 0.02% 6 1 - - - - - - - - 1 7 

5.5 6 0.00% 2 - - - - - - - - - - 3 

  Percentage 
Occurrence 

7.35% 5.94% 12.16% 1.48% 0.42% 0.28% 0.37% 0.94% 8.77% 37.24% 15.59% 9.46% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.8: Annual wave climate at Point 2, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 2576 2344 4558 1057 333 220 301 759 6111 14330 3935 3374 

0.5 1 60.10% 2162 1685 4595 442 96 66 80 157 2464 14047 4213 2438 

1 1.5 27.66% 1310 943 2064 25 4 4 5 19 346 5747 3116 1574 

1.5 2 12.50% 637 488 640 <1 - - - - 7 2033 1872 898 

2 2.5 5.92% 311 255 233 - - - - - - 662 1187 499 

2.5 3 2.78% 157 116 71 - - - - - - 226 682 301 

3 3.5 1.22% 108 49 7 - - - - - - 45 383 156 

3.5 4 0.48% 46 19 2 - - - - - - 13 140 80 

4 4.5 0.18% 19 16 - - - - - - - 7 30 44 

4.5 5 0.06% 9 2 - - - - - - - 1 5 22 

5 5.5 0.02% 6 1 - - - - - - - - 1 8 

5.5 6 0.00% 2 - - - - - - - - - - 3 

  Percentage 
Occurrence 

7.34% 5.92% 12.17% 1.53% 0.43% 0.29% 0.39% 0.94% 8.93% 37.11% 15.56% 9.40% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.9: Annual wave climate at Point 2, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 2586 2378 4565 1034 322 217 295 757 5949 14444 3934 3385 

0.5 1 60.14% 2155 1678 4608 437 96 60 84 149 2457 14136 4199 2436 

1 1.5 27.64% 1308 942 2061 25 3 4 4 18 315 5782 3126 1580 

1.5 2 12.47% 635 488 643 <1 - - - - 7 2016 1869 899 

2 2.5 5.91% 306 255 234 - - - - - - 662 1186 498 

2.5 3 2.77% 156 114 70 - - - - - - 226 685 299 

3 3.5 1.22% 108 49 7 - - - - - - 45 382 157 

3.5 4 0.48% 45 19 2 - - - - - - 13 140 79 

4 4.5 0.18% 19 16 - - - - - - - 7 30 44 

4.5 5 0.06% 9 2 - - - - - - - 1 5 23 

5 5.5 0.02% 6 1 - - - - - - - - 1 7 

5.5 6 0.00% 2 - - - - - - - - - - 3 

  Percentage 
Occurrence 

7.34% 5.94% 12.19% 1.50% 0.42% 0.28% 0.38% 0.92% 8.73% 37.33% 15.56% 9.41% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.10: Annual wave climate at Point 2, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

0 0.5 100.00% <1 442 12942 19108 6167 1069 180 31 10 3 5 2 <1 

0.5 1 60.04% - - 620 14811 14659 2132 176 22 <1 - - - - 

1 1.5 27.62% - - 2 836 9894 3453 879 77 3 - - - - 

1.5 2 12.48% - - - 8 1771 4111 456 186 23 - - - - 

2 2.5 5.92% - - - - 46 2556 472 51 22 2 - - - 

2.5 3 2.77% - - - <1 - 383 1100 61 7 <1 - - - 

3 3.5 1.22% - - - - - 5 585 143 7 4 - - - 

3.5 4 0.48% - - - - - <1 59 230 8 <1 - - - 

4 4.5 0.18% - - - - - - 1 99 13 2 - - - 

4.5 5 0.06% - - - - - - <1 17 21 2 <1 - - 

5 5.5 0.02% - - - - - - - 1 19 1 - - - 

  Percentage 
Occurrence 

0.00% 0.44% 13.56% 34.76% 32.54% 13.71% 3.91% 0.92% 0.13% 0.01% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.11: Annual wave climate at Point 2, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

0 0.5 100.00% <1 465 13097 18978 6060 1069 179 29 12 3 5 2 <1 

0.5 1 60.10% - - 635 14875 14639 2106 169 21 <1 - - - - 

1 1.5 27.66% - - 2 842 9899 3490 852 68 3 - - - - 

1.5 2 12.50% - - - 8 1742 4138 480 186 23 - - - - 

2 2.5 5.92% - - - - 45 2550 476 54 21 2 - - - 

2.5 3 2.78% - - - <1 - 380 1103 59 8 <1 - - - 

3 3.5 1.22% - - - - - 5 589 143 7 4 - - - 

3.5 4 0.48% - - - - - <1 59 232 7 <1 - - - 

4 4.5 0.18% - - - - - - 1 100 13 2 - - - 

4.5 5 0.06% - - - - - - <1 16 21 2 <1 - - 

5 5.5 0.02% - - - - - - - 2 19 1 - - - 

  Percentage 
Occurrence 

0.00% 0.46% 13.73% 34.70% 32.38% 13.74% 3.91% 0.91% 0.13% 0.01% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.12: Annual wave climate at Point 2, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

0 0.5 100.00% <1 479 13116 18918 6030 1078 188 31 13 2 5 2 <1 

0.5 1 60.14% - - 614 14826 14721 2136 176 22 <1 - - - - 

1 1.5 27.64% - - 2 806 9887 3521 872 76 3 - - - - 

1.5 2 12.47% - - - 8 1680 4197 466 185 22 - - - - 

2 2.5 5.91% - - - - 46 2539 483 51 21 2 - - - 

2.5 3 2.77% - - - <1 - 355 1125 61 8 <1 - - - 

3 3.5 1.22% - - - - - 5 589 143 6 4 - - - 

3.5 4 0.48% - - - - - <1 58 231 7 <1 - - - 

4 4.5 0.18% - - - - - - 1 100 13 2 - - - 

4.5 5 0.06% - - - - - - <1 16 21 2 <1 - - 

5 5.5 0.02% - - - - - - - 1 19 1 - - - 

  Percentage 
Occurrence 

0.00% 0.48% 13.73% 34.56% 32.36% 13.83% 3.96% 0.92% 0.13% 0.01% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.13: Annual wave climate at Point 3, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 5129 4696 5412 669 590 503 675 1732 4221 10996 15906 5003 

0.5 1 44.47% 3367 2252 4842 16 3 3 4 5 115 2178 11381 4133 

1 1.5 16.17% 2075 1259 1620 <1 - - - - - 2 3226 2274 

1.5 2 5.71% 947 577 367 - - - - - - - 681 1156 

2 2.5 1.99% 400 241 82 - - - - - - - 126 457 

2.5 3 0.68% 208 83 24 - - - - - - - 12 114 

3 3.5 0.24% 107 36 1 - - - - - - - 2 27 

3.5 4 0.07% 36 14 - - - - - - - - - 2 

4 4.5 0.02% 9 4 - - - - - - - - - - 

4.5 5 0.00% 2 2 - - - - - - - - - - 

  Percentage 
Occurrence 

12.28% 9.16% 12.35% 0.69% 0.59% 0.51% 0.68% 1.74% 4.34% 13.18% 31.33% 13.16% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.14: Annual wave climate at Point 3, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 5282 4883 5852 893 413 201 185 403 1795 12293 17789 5288 

0.5 1 44.72% 3476 2263 4793 18 2 3 2 2 7 1518 12098 4120 

1 1.5 16.42% 2146 1267 1579 - - - - - - 2 3347 2272 

1.5 2 5.81% 986 587 352 - - - - - - - 702 1181 

2 2.5 2.00% 418 245 77 - - - - - - - 123 455 

2.5 3 0.68% 211 86 19 - - - - - - - 10 110 

3 3.5 0.24% 110 35 1 - - - - - - - 2 28 

3.5 4 0.07% 35 14 - - - - - - - - - 2 

4 4.5 0.02% 10 3 - - - - - - - - - - 

4.5 5 0.00% 2 2 - - - - - - - - - - 

  Percentage 
Occurrence 

12.68% 9.38% 12.67% 0.91% 0.42% 0.20% 0.19% 0.41% 1.80% 13.81% 34.07% 13.46% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.15: Annual wave climate at Point 3, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 5337 5028 5792 798 371 158 162 372 1576 11785 18580 5380 

0.5 1 44.66% 3479 2283 4758 12 1 3 2 1 6 1520 12088 4115 

1 1.5 16.39% 2138 1274 1568 - - - - - - 2 3301 2298 

1.5 2 5.81% 987 591 355 - - - - - - - 708 1173 

2 2.5 2.00% 414 244 77 - - - - - - - 126 454 

2.5 3 0.68% 212 88 19 - - - - - - - 11 111 

3 3.5 0.24% 108 36 1 - - - - - - - 2 27 

3.5 4 0.07% 35 14 - - - - - - - - - 2 

4 4.5 0.02% 9 4 - - - - - - - - - - 

4.5 5 0.00% 2 2 - - - - - - - - - - 

  Percentage 
Occurrence 

12.72% 9.56% 12.57% 0.81% 0.37% 0.16% 0.16% 0.37% 1.58% 13.31% 34.82% 13.56% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.16: Annual wave climate at Point 3, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 3 1814 19190 23996 8608 1536 294 62 16 4 4 3 3 <1 

0.5 1 44.47% - 3 474 11162 12425 3188 923 115 7 <1 - - - - 

1 1.5 16.17% - - 3 276 6294 3181 487 178 37 2 - - - - 

1.5 2 5.71% - - - 5 354 2693 572 77 24 3 - - - - 

2 2.5 1.99% - - - - 4 469 717 97 13 5 - - - - 

2.5 3 0.68% - - - - - 11 311 106 10 2 - - - - 

3 3.5 0.24% - - - - - - 37 128 4 3 <1 - - - 

3.5 4 0.07% - - - - - - <1 29 22 - - - - - 

4 4.5 0.02% - - - - - - - 3 9 1 - - - - 

4.5 5 0.00% - - - - - - - - 4 - - - - - 

  Percentage 
Occurrence 

0.00% 1.82% 19.67% 35.44% 27.68% 11.08% 3.34% 0.80% 0.14% 0.02% 0.00% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.17: Annual wave climate at Point 3, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 2 1821 19294 23945 8414 1443 273 56 15 4 4 3 3 <1 

0.5 1 44.72% - 3 461 11469 12308 3111 841 102 5 <1 - - - - 

1 1.5 16.42% - - 3 249 6572 3108 476 171 32 2 - - - - 

1.5 2 5.81% - - - 5 364 2780 563 74 21 2 - - - - 

2 2.5 2.00% - - - <1 4 478 726 92 14 4 - - - - 

2.5 3 0.68% - - - - - 10 316 101 9 2 - - - - 

3 3.5 0.24% - - - - - - 38 131 3 3 <1 - - - 

3.5 4 0.07% - - - - - - <1 29 21 - - - - - 

4 4.5 0.02% - - - - - - - 3 10 - - - - - 

4.5 5 0.00% - - - - - - - - 4 - - - - - 

  Percentage 
Occurrence 

0.00% 1.82% 19.76% 35.67% 27.66% 10.93% 3.23% 0.76% 0.13% 0.02% 0.00% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.18: Annual wave climate at Point 3, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 2 1791 19252 23902 8512 1504 287 59 16 4 4 3 3 <1 

0.5 1 44.66% - 2 452 11370 12290 3147 888 112 6 <1 - - - - 

1 1.5 16.39% - - 3 248 6531 3113 475 175 35 2 - - - - 

1.5 2 5.81% - - - 5 362 2782 565 75 22 2 - - - - 

2 2.5 2.00% - - - <1 3 475 726 93 13 5 - - - - 

2.5 3 0.68% - - - - - 10 320 100 10 2 - - - - 

3 3.5 0.24% - - - - - - 37 130 4 3 <1 - - - 

3.5 4 0.07% - - - - - - <1 28 22 - - - - - 

4 4.5 0.02% - - - - - - - 3 10 - - - - - 

4.5 5 0.00% - - - - - - - - 4 - - - - - 

  Percentage 
Occurrence 

0.00% 1.79% 19.71% 35.53% 27.70% 11.03% 3.30% 0.78% 0.14% 0.02% 0.00% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.19: Annual wave climate at Point 4, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 13795 10913 7847 1157 309 228 394 912 1348 3244 6939 21906 

0.5 1 31.01% 7395 3742 4202 3 <1 - - - - 2 158 6642 

1 1.5 8.86% 2506 1859 802 - - - - - - - - 1525 

1.5 2 2.17% 749 519 146 - - - - - - - - 182 

2 2.5 0.57% 217 182 48 - - - - - - - - 11 

2.5 3 0.12% 38 56 3 - - - - - - - - 2 

3 3.5 0.02% 4 13 - - - - - - - - - - 

3.5 4 0.00% - 3 - - - - - - - - - - 

  Percentage 
Occurrence 

24.70% 17.29% 13.05% 1.16% 0.31% 0.23% 0.39% 0.91% 1.35% 3.25% 7.10% 30.27% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.20: Annual wave climate at Point 4, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 17288 12080 8172 1363 394 327 612 1049 1350 2723 5169 17812 

0.5 1 31.66% 9266 4195 3966 4 <1 <1 <1 - - 5 124 5013 

1 1.5 9.09% 3005 2052 691 - - - - - - - - 1113 

1.5 2 2.23% 841 558 125 - - - - - - - - 125 

2 2.5 0.58% 218 195 40 - - - - - - - - 6 

2.5 3 0.12% 41 54 2 - - - - - - - - <1 

3 3.5 0.02% 5 14 - - - - - - - - - - 

3.5 4 0.00% - 3 - - - - - - - - - - 

  Percentage 
Occurrence 

30.66% 19.15% 13.00% 1.37% 0.39% 0.33% 0.61% 1.05% 1.35% 2.73% 5.29% 24.07% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.21: Annual wave climate at Point 4, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 15480 11365 8062 1197 299 238 410 905 1298 3056 6303 20049 

0.5 1 31.34% 8344 4055 4060 2 1 - - - - 3 143 5736 

1 1.5 8.99% 2784 1986 728 - - - - - - - - 1280 

1.5 2 2.22% 817 553 132 - - - - - - - - 139 

2 2.5 0.58% 216 196 42 - - - - - - - - 7 

2.5 3 0.11% 38 53 3 - - - - - - - - 1 

3 3.5 0.02% 4 14 - - - - - - - - - - 

3.5 4 0.00% - 3 - - - - - - - - - - 

  Percentage 
Occurrence 

27.68% 18.22% 13.03% 1.20% 0.30% 0.24% 0.41% 0.91% 1.30% 3.06% 6.45% 27.21% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.22: Annual wave climate at Point 4, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

0 0.5 100.00% 47 4449 21645 26563 12417 3065 643 122 22 6 7 3 1 

0.5 1 31.01% - 10 794 6544 9177 3719 1410 418 69 5 - - - 

1 1.5 8.86% - - 1 161 2448 2977 843 193 53 15 1 - - 

1.5 2 2.17% - - <1 - 83 737 569 185 13 7 <1 - - 

2 2.5 0.57% - - - - 2 63 216 150 19 5 3 - - 

2.5 3 0.12% - - - - - - 28 42 25 2 2 - - 

3 3.5 0.02% - - - - - - - 11 5 <1 - - - 

3.5 4 0.00% - - - - - - - <1 2 - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.05% 4.46% 22.44% 33.27% 24.13% 10.56% 3.71% 1.12% 0.21% 0.04% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.23: Annual wave climate at Point 4, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

0 0.5 100.00% 29 4242 21897 26549 12053 2835 585 111 21 6 7 3 1 

0.5 1 31.66% - 8 685 6744 9540 3730 1404 397 61 5 - - - 

1 1.5 9.09% - - <1 140 2544 3093 829 185 54 16 - - - 

1.5 2 2.23% - - - <1 75 769 604 181 12 7 <1 - - 

2 2.5 0.58% - - - - 1 60 226 147 19 4 2 - - 

2.5 3 0.12% - - - - - - 26 45 23 2 2 - - 

3 3.5 0.02% - - - - - - - 12 6 <1 <1 - - 

3.5 4 0.00% - - - - - - - <1 2 - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.03% 4.25% 22.58% 33.43% 24.21% 10.49% 3.67% 1.08% 0.20% 0.04% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.24: Annual wave climate at Point 4, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

0 0.5 100.00% 38 4199 21534 26616 12444 3051 625 119 20 6 7 3 1 

0.5 1 31.34% - 8 741 6644 9285 3731 1430 423 75 5 - - - 

1 1.5 8.99% - - 1 149 2496 3031 839 194 50 16 1 - - 

1.5 2 2.22% - - - <1 80 766 583 190 12 7 <1 - - 

2 2.5 0.58% - - - - 1 65 222 145 20 4 3 - - 

2.5 3 0.11% - - - - - - 26 41 24 2 1 - - 

3 3.5 0.02% - - - - - - - 11 5 <1 <1 - - 

3.5 4 0.00% - - - - - - - <1 2 - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.04% 4.21% 22.28% 33.41% 24.31% 10.64% 3.73% 1.13% 0.21% 0.04% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.25: Annual wave climate at Point 5, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 6326 6922 4032 196 158 80 69 122 449 4648 28498 7248 

0.5 1 41.25% 3318 3506 2283 - <1 - <1 <1 - 34 11874 4111 

1 1.5 16.13% 1967 1713 185 - - - - - - - 3462 2273 

1.5 2 6.53% 904 668 8 - - - - - - - 1136 1196 

2 2.5 2.61% 403 243 - - - - - - - - 286 641 

2.5 3 1.04% 243 61 - - - - - - - - 66 298 

3 3.5 0.37% 124 13 - - - - - - - - 14 101 

3.5 4 0.12% 66 7 - - - - - - - - 1 15 

4 4.5 0.03% 21 <1 - - - - - - - - - 4 

4.5 5 0.01% 7 - - - - - - - - - - - 

  Percentage Occurrence 13.38% 13.13% 6.51% 0.20% 0.16% 0.08% 0.07% 0.12% 0.45% 4.68% 45.34% 15.89% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 - 2015; occurrence is in parts per hundred thousand 
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Table C.26: Annual wave climate at Point 5, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 6993 7910 2642 166 123 203 273 542 1544 7356 22470 100.00% 

0.5 1 42.83% 3824 5108 481 - - <1 1 6 5 160 10099 42.83% 

1 1.5 17.14% 2280 1832 7 - - - - - - - 2561 17.14% 

1.5 2 7.10% 1021 660 <1 - - - - - - - 542 7.10% 

2 2.5 2.88% 484 235 - - - - - - - - 88 2.88% 

2.5 3 1.12% 273 58 - - - - - - - - 10 1.12% 

3 3.5 0.40% 140 15 - - - - - - - - 1 0.40% 

3.5 4 0.13% 70 8 - - - - - - - - <1 0.13% 

4 4.5 0.03% 23 1 - - - - - - - - - 0.03% 

4.5 5 0.01% 7 - - - - - - - - - - 0.01% 

  Percentage Occurrence 15.11% 15.83% 3.13% 0.17% 0.12% 0.20% 0.27% 0.55% 1.55% 7.52% 35.77% 19.78% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 - 2015; occurrence is in parts per hundred thousand 
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Table C.27: Annual wave climate at Point 5, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 6640 7020 3560 229 229 238 319 700 2297 8744 21224 6537 

0.5 1 42.26% 3568 4421 1392 - - 1 1 2 5 98 10943 4982 

1 1.5 16.85% 2154 1888 22 - - - - - - - 3052 2771 

1.5 2 6.96% 960 682 <1 - - - - - - - 884 1582 

2 2.5 2.85% 470 248 - - - - - - - - 160 864 

2.5 3 1.11% 264 61 - - - - - - - - 31 357 

3 3.5 0.40% 136 15 - - - - - - - - 4 114 

3.5 4 0.13% 68 8 - - - - - - - - - 16 

4 4.5 0.04% 23 1 - - - - - - - - - 3 

4.5 5 0.01% 8 - - - - - - - - - - - 

  Percentage Occurrence 14.29% 14.35% 4.97% 0.23% 0.23% 0.24% 0.32% 0.70% 2.30% 8.84% 36.30% 17.23% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 - 2015; occurrence is in parts per hundred thousand 
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Table C.28: Annual wave climate at Point 5, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 8 2173 19091 23865 10464 2464 504 124 33 7 6 5 2 2 

0.5 1 41.25% - 3 303 8703 11594 3048 1246 218 10 1 - - - - 

1 1.5 16.13% - - 4 117 5167 3410 493 292 105 12 - - - - 

1.5 2 6.53% - - - 3 173 2913 708 83 22 10 1 - - - 

2 2.5 2.61% - - - <1 3 399 1003 151 12 5 - - - - 

2.5 3 1.04% - - - - - 5 365 273 17 4 3 - - - 

3 3.5 0.37% - - - - - - 10 211 23 5 2 - - - 

3.5 4 0.12% - - - - - - <1 32 54 2 <1 - - - 

4 4.5 0.03% - - - - - - - 1 21 3 <1 - - - 

4.5 5 0.01% - - - - - - - <1 4 3 - - - - 

  Percentage 
Occurrence 

0.01% 2.18% 19.40% 32.69% 27.40% 12.24% 4.33% 1.39% 0.30% 0.05% 0.01% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 - 2015; occurrence is in parts per hundred thousand 
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Table C.29: Annual wave climate at Point 5, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 5 1742 17975 23473 10765 2550 497 111 29 7 5 6 2 1 

0.5 1 42.83% - 4 352 9314 11513 3041 1249 203 11 <1 - - - - 

1 1.5 17.14% - - 5 169 5937 3005 505 322 96 7 - - - - 

1.5 2 7.10% - - - 4 275 3209 597 77 33 14 2 - - - 

2 2.5 2.88% - - - <1 4 536 1081 130 12 6 - - - - 

2.5 3 1.12% - - - - - 6 430 259 13 4 4 - - - 

3 3.5 0.40% - - - - - - 13 231 21 4 2 - - - 

3.5 4 0.13% - - - - - - <1 36 55 3 <1 - - - 

4 4.5 0.03% - - - - - - - <1 22 4 <1 - - - 

4.5 5 0.01% - - - - - - - - 4 3 - - - - 

  Percentage 
Occurrence 

0.01% 1.75% 18.33% 32.96% 28.49% 12.35% 4.37% 1.37% 0.30% 0.05% 0.01% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 - 2015; occurrence is in parts per hundred thousand 
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Table C.30: Annual wave climate at Point 5, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 6 1779 18299 23593 10808 2557 524 117 33 7 5 4 4 1 

0.5 1 42.26% - 4 306 9133 11420 3025 1284 231 10 <1 - - - - 

1 1.5 16.85% - - 4 141 5689 3155 474 307 107 10 - - - - 

1.5 2 6.96% - - - 4 229 3143 610 80 29 13 2 - - - 

2 2.5 2.85% - - - <1 3 506 1076 137 14 5 - - - - 

2.5 3 1.11% - - - - - 5 417 268 15 4 4 - - - 

3 3.5 0.40% - - - - - - 14 228 21 6 2 - - - 

3.5 4 0.13% - - - - - - <1 36 54 2 <1 - - - 

4 4.5 0.04% - - - - - - - 1 22 4 <1 - - - 

4.5 5 0.01% - - - - - - - <1 5 3 - - - - 

  Percentage 
Occurrence 

0.01% 1.78% 18.61% 32.87% 28.15% 12.39% 4.40% 1.41% 0.31% 0.05% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 - 2015; occurrence is in parts per hundred thousand 
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Table C.31: Annual wave climate at Point 6, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 14177 36245 17164 5663 3796 2807 1452 720 632 400 454 1059 

0.5 1 15.43% 697 8524 3675 19 1 <1 - - - - - - 

1 1.5 2.51% 6 1583 469 - - - - - - - - - 

1.5 2 0.46% - 270 96 - - - - - - - - - 

2 2.5 0.09% - 65 12 - - - - - - - - - 

2.5 3 0.01% - 11 1 - - - - - - - - - 

  Percentage 
Occurrence 

14.88% 46.70% 21.42% 5.68% 3.80% 2.81% 1.45% 0.72% 0.63% 0.40% 0.45% 1.06% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.32: Annual wave climate at Point 6, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 6766 39648 19086 7675 5333 2969 938 446 388 239 199 529 

0.5 1 15.78% 61 9574 3587 23 2 <1 - - - - - - 

1 1.5 2.54% - 1643 439 - - - - - - - - - 

1.5 2 0.45% - 291 76 - - - - - - - - - 

2 2.5 0.09% - 66 9 - - - - - - - - - 

2.5 3 0.01% - 11 <1 - - - - - - - - - 

  Percentage 
Occurrence 

6.83% 51.23% 23.20% 7.70% 5.33% 2.97% 0.94% 0.45% 0.39% 0.24% 0.20% 0.53% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.33: Annual wave climate at Point 6, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 10702 38499 18101 6158 3946 2806 1382 664 573 351 350 864 

0.5 1 15.60% 233 9243 3570 18 2 <1 - - - - - - 

1 1.5 2.54% - 1635 446 - - - - - - - - - 

1.5 2 0.46% - 282 88 - - - - - - - - - 

2 2.5 0.09% - 63 12 - - - - - - - - - 

2.5 3 0.01% - 11 1 - - - - - - - - - 

  Percentage 
Occurrence 

10.93% 49.73% 22.22% 6.18% 3.95% 2.81% 1.38% 0.66% 0.57% 0.35% 0.35% 0.86% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.34: Annual wave climate at Point 6, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 189 6378 21391 28119 19466 6759 1783 393 70 12 4 2 2 <1 

0.5 1 15.43% 1 7 390 3288 4323 3130 1235 413 103 26 2 - - - 

1 1.5 2.51% - - <1 38 556 803 446 184 24 5 2 - - - 

1.5 2 0.46% - - - - 13 125 129 75 24 <1 - - - - 

2 2.5 0.09% - - - - - 12 30 20 15 - - - - - 

2.5 3 0.01% - - - - - - - 10 2 - - - - - 

3 3.5 0.00% - - - - - - - - - - - - - - 

3.5 4 0.00% - - - - - - - - - - - - - - 

4 4.5 0.00% - - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.19% 6.38% 21.78% 31.45% 24.36% 10.83% 3.62% 1.09% 0.24% 0.04% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.35: Annual wave climate at Point 6, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 158 6059 21238 28402 19482 6678 1733 384 63 13 4 2 2 <1 

0.5 1 15.78% <1 6 358 3266 4442 3315 1283 443 106 26 1 - - - 

1 1.5 2.54% - - <1 38 544 820 459 187 25 6 3 - - - 

1.5 2 0.45% - - - - 11 123 132 74 26 <1 - - - - 

2 2.5 0.09% - - - - - 12 29 20 14 - - - - - 

2.5 3 0.01% - - - - - - - 10 2 - - - - - 

3 3.5 0.00% - - - - - - - - - - - - - - 

3.5 4 0.00% - - - - - - - - - - - - - - 

4 4.5 0.00% - - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.16% 6.06% 21.60% 31.71% 24.48% 10.95% 3.64% 1.12% 0.24% 0.05% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.36: Annual wave climate at Point 6, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 157 5967 20938 28076 19713 7082 1924 438 81 12 5 2 2 <1 

0.5 1 15.60% 1 8 407 3300 4273 3197 1285 457 109 27 2 - - - 

1 1.5 2.54% - - <1 39 565 799 450 189 29 5 4 - - - 

1.5 2 0.46% - - - - 13 126 128 76 26 <1 - - - - 

2 2.5 0.09% - - - - - 12 30 20 14 - - - - - 

2.5 3 0.01% - - - - - - - 10 2 - - - - - 

3 3.5 0.00% - - - - - - - - - - - - - - 

3.5 4 0.00% - - - - - - - - - - - - - - 

4 4.5 0.00% - - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.16% 5.97% 21.35% 31.41% 24.56% 11.22% 3.82% 1.19% 0.26% 0.04% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.37: Annual wave climate at Point 7, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 4511 4186 4741 266 162 210 412 1364 4529 16307 9029 4695 

0.5 1 49.59% 2853 2436 3757 1 - <1 - 3 84 6719 10207 2708 

1 1.5 20.82% 1740 1368 1005 - - - - - - 315 5802 1794 

1.5 2 8.80% 837 690 178 - - - - - - 3 2452 969 

2 2.5 3.67% 454 294 12 - - - - - - - 997 547 

2.5 3 1.36% 209 78 4 - - - - - - - 351 268 

3 3.5 0.45% 112 23 - - - - - - - - 67 112 

3.5 4 0.14% 54 14 - - - - - - - - 10 29 

4 4.5 0.03% 16 2 - - - - - - - - 1 6 

4.5 5 0.01% 10 - - - - - - - - - - - 

  Percentage 
Occurrence 

10.80% 9.09% 9.70% 0.27% 0.16% 0.21% 0.41% 1.37% 4.61% 23.34% 28.92% 11.13% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.38: Annual wave climate at Point 7, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 4778 5088 4122 70 35 50 99 151 460 18471 12457 5159 

0.5 1 49.06% 2928 2655 3491 - - - - <1 5 4802 11791 2713 

1 1.5 20.67% 1748 1403 961 - - - - - - 85 5979 1763 

1.5 2 8.74% 830 741 149 - - - - - - <1 2407 938 

2 2.5 3.67% 455 313 15 - - - - - - - 982 540 

2.5 3 1.36% 217 86 3 - - - - - - - 349 256 

3 3.5 0.45% 111 29 - - - - - - - - 67 109 

3.5 4 0.14% 53 15 - - - - - - - - 10 26 

4 4.5 0.04% 17 2 - - - - - - - - <1 6 

4.5 5 0.01% 10 - - - - - - - - - - - 

  Percentage 
Occurrence 

11.15% 10.33
% 

8.74% 0.07% 0.03% 0.05% 0.10% 0.15% 0.47% 23.36% 34.04% 11.51% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.39: Annual wave climate at Point 7, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 4826 4625 4416 139 68 81 121 225 977 16667 13498 5196 

0.5 1 49.16% 2871 2475 3752 <1 - - - - 2 4631 12021 2701 

1 1.5 20.71% 1742 1338 1049 - - - - - - 102 5954 1738 

1.5 2 8.78% 850 713 185 - - - - - - <1 2405 944 

2 2.5 3.69% 461 316 19 - - - - - - - 988 535 

2.5 3 1.37% 220 88 4 - - - - - - - 341 262 

3 3.5 0.45% 116 27 - - - - - - - - 67 106 

3.5 4 0.14% 53 15 - - - - - - - - 10 24 

4 4.5 0.04% 19 2 - - - - - - - - <1 5 

4.5 5 0.01% 10 - - - - - - - - - - - 

  Percentage 
Occurrence 

11.17% 9.60% 9.42% 0.14% 0.07% 0.08% 0.12% 0.22% 0.98% 21.40% 35.28% 11.51% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.40: Annual wave climate at Point 7, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 2 1353 17790 21909 7460 1437 346 80 19 7 4 4 2 <1 

0.5 1 49.59% - 3 426 12210 12525 2982 571 47 4 - - - - - 

1 1.5 20.82% - - 3 261 8195 2533 773 237 22 <1 - - - - 

1.5 2 8.80% - - - 6 722 3967 325 72 33 4 - - - - 

2 2.5 3.67% - - - 1 9 1344 881 57 11 <1 - - - - 

2.5 3 1.36% - - - - <1 30 754 114 7 4 - - - - 

3 3.5 0.45% - - - - - - 106 195 12 2 - - - - 

3.5 4 0.14% - - - - - - 2 87 13 3 <1 - - - 

4 4.5 0.03% - - - - - - - 6 18 <1 - - - - 

4.5 5 0.01% - - - - - - - <1 8 1 - - - - 

  Percentage 
Occurrence 

0.00% 1.36% 18.22% 34.39% 28.91% 12.29% 3.76% 0.90% 0.15% 0.02% 0.00% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.41: Annual wave climate at Point 7, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 2 1280 16793 22876 7978 1535 354 83 20 7 3 5 2 <1 

0.5 1 49.06% - 3 367 11990 12207 3121 642 51 4 - - - - - 

1 1.5 20.67% - - 4 368 8155 2354 772 260 25 1 - - - - 

1.5 2 8.74% - - - 4 1055 3570 333 68 31 3 - - - - 

2 2.5 3.67% - - - 1 9 1418 808 57 11 <1 - - - - 

2.5 3 1.36% - - - - <1 44 748 106 8 4 - - - - 

3 3.5 0.45% - - - - - - 113 190 12 2 - - - - 

3.5 4 0.14% - - - - - - 2 87 11 3 <1 - - - 

4 4.5 0.04% - - - - - - - 7 18 <1 - - - - 

4.5 5 0.01% - - - - - - - <1 8 1 - - - - 

  Percentage 
Occurrence 

0.00% 1.28% 17.16% 35.24% 29.41% 12.04% 3.77% 0.91% 0.15% 0.02% 0.00% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.42: Annual wave climate at Point 7, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 2 1253 17313 22310 8010 1487 347 81 18 7 3 5 2 <1 

0.5 1 49.16% - 3 363 11781 12551 3062 639 51 4 - - - - - 

1 1.5 20.71% - - 3 230 8074 2572 751 266 27 1 - - - - 

1.5 2 8.78% - - - 3 688 3968 338 64 32 3 - - - - 

2 2.5 3.69% - - - 1 10 1336 900 61 11 <1 - - - - 

2.5 3 1.37% - - - - <1 28 755 120 8 4 - - - - 

3 3.5 0.45% - - - - - - 104 198 11 2 - - - - 

3.5 4 0.14% - - - - - - 2 83 14 3 <1 - - - 

4 4.5 0.04% - - - - - - - 6 19 <1 - - - - 

4.5 5 0.01% - - - - - - - <1 8 1 - - - - 

  Percentage 
Occurrence 

0.00% 1.26% 17.68% 34.32% 29.33% 12.45% 3.84% 0.93% 0.15% 0.02% 0.00% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.43: Annual wave climate at Point 8, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 6397 6607 3883 161 85 90 177 349 1020 6463 23855 7452 

0.5 1 43.46% 3466 4282 1411 <1 - - - <1 <1 83 12135 4336 

1 1.5 17.75% 2182 1708 44 - - - - - - - 3364 2855 

1.5 2 7.60% 992 531 - - - - - - - - 1277 1574 

2 2.5 3.22% 545 183 - - - - - - - - 218 1151 

2.5 3 1.13% 297 35 - - - - - - - - 38 405 

3 3.5 0.35% 121 19 - - - - - - - - 4 122 

3.5 4 0.08% 42 4 - - - - - - - - - 25 

4 4.5 0.01% 9 - - - - - - - - - - 3 

4.5 5 0.00% 1 - - - - - - - - - - - 

  Percentage 
Occurrence 

14.05% 13.37% 5.34% 0.16% 0.08% 0.09% 0.18% 0.35% 1.02% 6.55% 40.89% 17.92% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.44: Annual wave climate at Point 8, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 10904 5988 3 1 4 <1 2 11 121 5721 24926 10693 

0.5 1 41.63% 5294 2246 - - - - - - - 69 8992 7144 

1 1.5 17.88% 2981 565 - - - - - - - - 1539 4498 

1.5 2 8.30% 1392 179 - - - - - - - - 244 2540 

2 2.5 3.94% 771 63 - - - - - - - - 8 1547 

2.5 3 1.55% 510 21 - - - - - - - - 4 494 

3 3.5 0.52% 169 12 - - - - - - - - - 190 

3.5 4 0.15% 70 2 - - - - - - - - - 48 

4 4.5 0.03% 16 - - - - - - - - - - 14 

4.5 5 0.00% 2 - - - - - - - - - - 2 

  Percentage 
Occurrence 

22.11% 9.08% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.12% 5.79% 35.71% 27.17% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.45: Annual wave climate at Point 8, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 7976 9682 156 23 14 16 45 153 982 7112 21886 8221 

0.5 1 43.73% 4097 5238 <1 - - - - - - 83 9269 6437 

1 1.5 18.61% 2568 1552 - - - - - - - - 1824 4293 

1.5 2 8.37% 1206 475 - - - - - - - - 334 2581 

2 2.5 3.78% 644 166 - - - - - - - - 22 1524 

2.5 3 1.42% 401 37 - - - - - - - - 4 501 

3 3.5 0.48% 134 18 - - - - - - - - - 199 

3.5 4 0.13% 51 6 - - - - - - - - - 46 

4 4.5 0.02% 14 2 - - - - - - - - - 7 

4.5 5 0.00% 1 - - - - - - - - - - - 

  Percentage 
Occurrence 

17.09% 17.17% 0.16% 0.02% 0.01% 0.02% 0.05% 0.15% 0.98% 7.19% 33.34% 23.81% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.46: Annual wave climate at Point 8, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 6 1651 17202 22720 11224 2830 661 174 45 10 7 5 3 1 

0.5 1 43.46% - 3 316 8845 11182 3589 1464 288 23 2 - - - - 

1 1.5 17.75% - - 4 137 5417 3358 655 461 113 7 <1 - - - 

1.5 2 7.60% - - - 4 257 3209 663 126 88 24 2 - - - 

2 2.5 3.22% - - - <1 5 630 1232 198 21 10 1 - - - 

2.5 3 1.13% - - - - - 5 330 402 30 7 <1 - - - 

3 3.5 0.35% - - - - - - 8 187 62 4 5 - - - 

3.5 4 0.08% - - - - - - <1 21 37 12 1 - - - 

4 4.5 0.01% - - - - - - - <1 7 2 2 <1 - - 

4.5 5 0.00% - - - - - - - - <1 <1 - - - - 

  Percentage 
Occurrence 

0.01% 1.65% 17.52% 31.71% 28.09% 13.62% 5.01% 1.86% 0.43% 0.08% 0.02% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.47: Annual wave climate at Point 8, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 5 1186 13635 24426 13227 4366 1086 322 78 25 6 8 3 2 

0.5 1 41.63% - 4 242 7154 9992 3966 1841 484 58 3 2 - - - 

1 1.5 17.88% - - 3 192 5337 2643 718 520 159 10 <1 - - - 

1.5 2 8.30% - - - 3 628 2808 603 156 114 42 2 - - - 

2 2.5 3.94% - - - - 18 1124 1057 138 29 19 5 - - - 

2.5 3 1.55% - - - <1 - 25 566 396 32 7 2 - - - 

3 3.5 0.52% - - - - - <1 32 259 69 7 3 <1 - - 

3.5 4 0.15% - - - - - - <1 57 51 7 3 - - - 

4 4.5 0.03% - - - - - - - 5 15 8 2 - - - 

4.5 5 0.00% - - - - - - - - <1 1 2 <1 - - 

  Percentage 
Occurrence 

0.01% 1.19% 13.88% 31.77% 29.20% 14.93% 5.90% 2.34% 0.61% 0.13% 0.03% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.48: Annual wave climate at Point 8, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 4 1171 14964 22828 12261 3865 875 207 60 13 6 6 4 1 

0.5 1 43.73% - 5 304 8748 10229 3738 1678 384 35 3 1 - - - 

1 1.5 18.61% - - 4 268 5821 2763 747 510 114 8 <1 - - - 

1.5 2 8.37% - - - 5 578 3079 607 164 119 42 3 - - - 

2 2.5 3.78% - - - 1 16 1068 1069 157 30 11 4 - - - 

2.5 3 1.42% - - - <1 - 18 541 345 29 8 <1 - - - 

3 3.5 0.48% - - - - - - 26 253 59 8 5 - - - 

3.5 4 0.13% - - - - - - <1 51 43 7 1 - - - 

4 4.5 0.02% - - - - - - - 2 14 4 2 <1 - - 

4.5 5 0.00% - - - - - - - - <1 <1 - - - - 

  Percentage 
Occurrence 

0.00% 1.18% 15.27% 31.85% 28.91% 14.53% 5.54% 2.07% 0.50% 0.11% 0.02% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980 2015; occurrence is in parts per hundred thousand 
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Table C.49: Annual wave climate at Point 9, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 11619 11458 1448 401 369 662 1535 2122 2139 3040 9683 20818 

0.5 1 34.71% 6237 3546 5 - <1 - <1 <1 5 20 652 11335 

1 1.5 12.90% 3391 682 - - - - - - - - 13 3963 

1.5 2 4.86% 1476 202 - - - - - - - - - 1621 

2 2.5 1.56% 665 25 - - - - - - - - - 475 

2.5 3 0.39% 191 7 - - - - - - - - - 110 

3 3.5 0.08% 52 - - - - - - - - - - 23 

3.5 4 0.01% 7 - - - - - - - - - - 2 

4 4.5 0.00% - - - - - - - - - - - <1 

  Percentage 
Occurrence 

23.64% 15.92% 1.45% 0.40% 0.37% 0.66% 1.54% 2.12% 2.14% 3.06% 10.35% 38.35% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.50: Annual wave climate at Point 9, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 31 2858 19461 23863 13055 4447 1156 297 86 23 6 9 2 <1 

0.5 1 34.71% - 4 238 6120 9570 3425 1728 608 98 9 1 - - - 

1 1.5 12.90% - - 2 74 2833 3482 898 532 196 30 1 - - - 

1.5 2 4.86% - - - 2 122 1693 994 344 91 44 9 - - - 

2 2.5 1.56% - - - <1 <1 142 575 343 76 20 8 - - - 

2.5 3 0.39% - - - - - - 45 213 44 4 2 <1 - - 

3 3.5 0.08% - - - - - - <1 30 35 6 2 2 - - 

3.5 4 0.01% - - - - - - - - 5 2 2 - - - 

4 4.5 0.00% - - - - - - - - - - - <1 - - 

4.5 5 0.00% - - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.03% 2.86% 19.70% 30.06% 25.58% 13.19% 5.40% 2.37% 0.63% 0.14% 0.03% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.51: Annual wave climate at Point 10, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 5661 8727 890 73 31 33 55 230 1635 19483 13797 6038 

0.5 1 43.35% 3371 4983 4 - - - - <1 9 3014 11855 3081 

1 1.5 17.03% 1961 1446 - - - - - - - 7 4638 2084 

1.5 2 6.89% 905 404 - - - - - - - - 1760 1157 

2 2.5 2.67% 422 110 - - - - - - - - 528 609 

2.5 3 1.00% 213 20 - - - - - - - - 183 247 

3 3.5 0.33% 99 3 - - - - - - - - 24 104 

3.5 4 0.10% 61 1 - - - - - - - - 3 14 

4 4.5 0.02% 13 <1 - - - - - - - - - 4 

4.5 5 0.01% 7 - - - - - - - - - - - 

  Percentage 
Occurrence 

12.71% 15.69% 0.89% 0.07% 0.03% 0.03% 0.06% 0.23% 1.64% 22.50% 32.79% 13.34% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.52: Annual wave climate at Point 10, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 8339 8892 1962 185 102 149 319 720 4485 18144 17528 7762 

0.5 1 31.41% 4372 5218 176 - - - <1 2 10 194 4768 4911 

1 1.5 11.76% 2484 1763 2 - - - - - - - 884 2104 

1.5 2 4.53% 1180 515 - - - - - - - - 193 936 

2 2.5 1.70% 493 143 - - - - - - - - 27 394 

2.5 3 0.64% 265 30 - - - - - - - - 9 98 

3 3.5 0.24% 111 4 - - - - - - - - - 31 

3.5 4 0.09% 63 2 - - - - - - - - - 4 

4 4.5 0.03% 16 <1 - - - - - - - - - 1 

4.5 5 0.01% 7 - - - - - - - - - - - 

  Percentage 
Occurrence 

17.33% 16.57% 2.14% 0.18% 0.10% 0.15% 0.32% 0.72% 4.49% 18.34% 23.41% 16.24% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.53: Annual wave climate at Point 10, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

0 0.5 100.00% 5541 8321 1000 55 34 36 37 166 1084 13545 19826 6529 

0.5 1 43.83% 3120 5279 14 - - - - - <1 1634 13252 2984 

1 1.5 17.54% 1917 1613 - - - - - - - - 4908 2153 

1.5 2 6.95% 866 485 - - - - - - - - 1777 1177 

2 2.5 2.65% 449 164 - - - - - - - - 564 589 

2.5 3 0.88% 230 36 - - - - - - - - 89 219 

3 3.5 0.31% 123 8 - - - - - - - - 19 84 

3.5 4 0.07% 44 2 - - - - - - - - 1 7 

4 4.5 0.02% 13 <1 - - - - - - - - - <1 

4.5 5 0.00% 4 - - - - - - - - - - - 

  Percentage 
Occurrence 

12.31% 15.91% 1.01% 0.06% 0.03% 0.04% 0.04% 0.17% 1.08% 15.18% 40.44% 13.74% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.54: Annual wave climate at Point 10, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 7 1836 19053 23942 9436 1859 388 93 19 8 3 5 2 1 

0.5 1 43.35% - 3 371 10075 11859 2917 983 108 3 <1 - - - - 

1 1.5 17.03% - - 7 186 6510 2685 442 248 52 3 - - - - 

1.5 2 6.89% - - - 3 393 3322 428 58 18 5 - - - - 

2 2.5 2.67% - - - 1 4 648 942 63 8 3 - - - - 

2.5 3 1.00% - - - - - 6 464 182 8 4 - - - - 

3 3.5 0.33% - - - - - - 31 184 12 3 - - - - 

3.5 4 0.10% - - - - - - 1 48 28 2 <1 - - - 

4 4.5 0.02% - - - - - - - 2 15 <1 - - - - 

4.5 5 0.01% - - - - - - - <1 5 1 - - - - 

  Percentage 
Occurrence 

0.01% 1.84% 19.43% 34.21% 28.20% 11.44% 3.68% 0.99% 0.17% 0.03% 0.00% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.55: Annual wave climate at Point 10, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 56 4555 20586 25903 13100 3612 647 93 19 6 4 4 <1 1 

0.5 1 31.41% <1 7 295 5587 9624 2553 1114 393 71 5 - - - - 

1 1.5 11.76% - - 2 122 3276 3231 468 89 34 14 <1 - - - 

1.5 2 4.53% - - <1 3 136 1752 792 125 7 7 2 - - - 

2 2.5 1.70% - - - - 2 205 638 193 18 2 1 - - - 

2.5 3 0.64% - - - - <1 3 191 189 13 5 2 - - - 

3 3.5 0.24% - - - - - - 8 117 20 <1 <1 - - - 

3.5 4 0.09% - - - - - - <1 16 51 1 - - - - 

4 4.5 0.03% - - - - - - - <1 15 2 - - - - 

4.5 5 0.01% - - - - - - - - 3 4 - - - - 

  Percentage 
Occurrence 

0.06% 4.56% 20.88% 31.62% 26.14% 11.36% 3.86% 1.22% 0.25% 0.05% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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Table C.56: Annual wave climate at Point 10, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) Hs2 (m) P(Hs>Hs1) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0.5 100.00% 3 1338 16748 24076 11062 2341 466 99 21 8 4 5 2  

0.5 1 43.83% - 3 290 9932 11353 3265 1221 210 8 <1 - - -  

1 1.5 17.54% - - 4 190 6524 2936 563 300 69 5 - - -  

1.5 2 6.95% - - - 4 412 3222 530 94 35 8 - - -  

2 2.5 2.65% - - - <1 4 660 948 133 13 7 - - -  

2.5 3 0.88% - - - - - 4 392 163 10 3 2 - -  

3 3.5 0.31% - - - - - - 32 182 15 4 <1 - -  

3.5 4 0.07% - - - - - - <1 25 27 <1 <1 - -  

4 4.5 0.02% - - - - - - - 2 11 1 - - -  

4.5 5 0.00% - - - - - - - <1 4 - - - -  

  Percentage 
Occurrence 

0.00% 1.34% 17.04% 34.20% 29.36% 12.43% 4.15% 1.21% 0.21% 0.04% 0.01% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015; occurrence is in parts per hundred thousand 
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C.2. Summer (Apr-Sep) conditions 
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Table C.57: Summer wave climate at Point 2, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 3719 3194 5269 879 308 227 284 878 8477 19461 4983 4952 

0.5 1 47.37% 2949 1843 4145 177 51 28 33 76 1933 12062 4323 3206 

1 1.5 16.54% 1543 818 1468 - - - - 1 75 2301 2570 1818 

1.5 2 5.95% 476 386 342 - - - - - 1 501 1064 890 

2 2.5 2.29% 266 160 57 - - - - - - 123 477 367 

2.5 3 0.84% 106 109 30 - - - - - - 11 159 140 

3 3.5 0.29% 52 48 4 - - - - - - 1 30 93 

3.5 4 0.06% 5 11 1 - - - - - - - 4 12 

4 4.5 0.03% 2 17 - - - - - - - - - - 

4.5 5 0.01% 1 2 - - - - - - - - - - 

5 5.5 0.00% 2 1 - - - - - - - - - - 

5.5 6 0.00% - - - - - - - - - - - - 

  Percentage 
Occurrence 

9.12% 6.59% 11.32% 1.06% 0.36% 0.25% 0.32% 0.96% 10.49% 34.46% 13.61% 11.48% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 19802015 

  



 

 

 
Wylfa Newydd 

Main Site Wave Modelling 

DEM7943-RT004-R04-00 

Table C.58: Summer wave climate at Point 2, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 3687 3165 5302 914 317 231 298 860 8599 19316 4987 4894 

0.5 1 47.43% 2958 1844 4139 182 51 29 33 79 1962 12066 4324 3195 

1 1.5 16.57% 1555 824 1475 - - - - 1 100 2296 2559 1809 

1.5 2 5.95% 482 385 342 - - - - - 1 505 1062 883 

2 2.5 2.29% 269 161 57 - - - - - - 123 468 370 

2.5 3 0.84% 111 109 30 - - - - - - 11 158 135 

3 3.5 0.29% 52 48 4 - - - - - - 1 30 94 

3.5 4 0.06% 5 11 1 - - - - - - - 4 12 

4 4.5 0.03% 2 17 - - - - - - - - - - 

4.5 5 0.01% 1 2 - - - - - - - - - - 

5 5.5 0.00% 2 1 - - - - - - - - - - 

5.5 6 0.00% - - - - - - - - - - - - 

  Percentage 
Occurrence 

9.12% 6.57% 11.35% 1.10% 0.37% 0.26% 0.33% 0.94% 10.66% 34.32% 13.59% 11.39% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.59: Summer wave climate at Point 2, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 3698 3199 5296 893 308 229 282 863 8392 19459 4984 4908 

0.5 1 47.49% 2950 1833 4149 181 51 25 38 75 1953 12156 4308 3193 

1 1.5 16.58% 1551 823 1470 - - - - 1 78 2316 2573 1817 

1.5 2 5.95% 478 385 345 - - - - - 1 502 1065 886 

2 2.5 2.29% 265 161 58 - - - - - - 124 472 367 

2.5 3 0.84% 110 109 29 - - - - - - 11 158 135 

3 3.5 0.29% 53 48 4 - - - - - - 1 30 95 

3.5 4 0.06% 4 11 1 - - - - - - - 4 12 

4 4.5 0.03% 2 17 - - - - - - - - - - 

4.5 5 0.01% 1 2 - - - - - - - - - - 

5 5.5 0.00% 2 1 - - - - - - - - - - 

5.5 6 0.00% - - - - - - - - - - - - 

  Percentage 
Occurrence 

9.11% 6.59% 11.35% 1.07% 0.36% 0.25% 0.32% 0.94% 10.42% 34.57% 13.59% 11.41% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.60: Summer wave climate at Point 2, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 1 647 19023 25408 6655 751 97 22 12 4 7 2 1 

0.5 1 47.37% - - 722 16087 12846 1128 39 4 - - - - - 

1 1.5 16.54% - - - 794 7953 1668 172 6 - - - - - 

1.5 2 5.95% - - - 5 1156 2428 53 17 - - - - - 

2 2.5 2.29% - - - - 23 1292 126 2 5 - - - - 

2.5 3 0.84% - - - 1 - 162 388 1 2 - - - - 

3 3.5 0.29% - - - - - 2 210 16 - - - - - 

3.5 4 0.06% - - - - - - 17 16 - - - - - 

4 4.5 0.03% - - - - - - - 19 - - - - - 

4.5 5 0.01% - - - - - - - 2 1 - - - - 

5 5.5 0.00% - - - - - - - - 3 - - - - 

  Percentage 
Occurrence 

0.00% 0.65% 19.75% 42.30% 28.63% 7.43% 1.10% 0.11% 0.02% 0.00% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.61: Summer wave climate at Point 2, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 1 684 19239 25212 6530 761 95 20 14 4 7 2 1 

0.5 1 47.43% - - 735 16155 12819 1112 36 4 - - - - - 

1 1.5 16.57% - - - 799 7939 1707 167 6 - - - - - 

1.5 2 5.95% - - - 5 1136 2448 57 15 - - - - - 

2 2.5 2.29% - - - - 24 1291 125 2 5 - - - - 

2.5 3 0.84% - - - 1 - 163 386 1 2 - - - - 

3 3.5 0.29% - - - - - 2 211 16 - - - - - 

3.5 4 0.06% - - - - - - 17 16 - - - - - 

4 4.5 0.03% - - - - - - - 19 - - - - - 

4.5 5 0.01% - - - - - - - 2 1 - - - - 

5 5.5 0.00% - - - - - - - - 3 - - - - 

  Percentage 
Occurrence 

0.00% 0.68% 19.97% 42.17% 28.45% 7.48% 1.09% 0.10% 0.03% 0.00% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.62: Summer wave climate at Point 2, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 1 710 19244 25145 6498 763 102 19 15 3 7 3 1 

0.5 1 47.49% - - 728 16135 12866 1140 40 4 - - - - - 

1 1.5 16.58% - - - 781 7951 1721 169 6 - - - - - 

1.5 2 5.95% - - - 5 1080 2503 57 15 - - - - - 

2 2.5 2.29% - - - - 24 1287 128 2 5 - - - - 

2.5 3 0.84% - - - 1 - 149 397 1 2 - - - - 

3 3.5 0.29% - - - - - 2 213 16 - - - - - 

3.5 4 0.06% - - - - - - 16 16 - - - - - 

4 4.5 0.03% - - - - - - - 19 - - - - - 

4.5 5 0.01% - - - - - - - 2 1 - - - - 

5 5.5 0.00% - - - - - - - - 3 - - - - 

  Percentage 
Occurrence 

0.00% 0.71% 19.97% 42.07% 28.42% 7.57% 1.12% 0.10% 0.03% 0.00% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.63: Summer wave climate at Point 3, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 6939 5794 5551 564 529 463 723 2471 6210 14108 17498 6213 

0.5 1 32.94% 4514 2287 4168 11 - - 2 2 65 1179 6809 3880 

1 1.5 10.02% 2388 1037 1071 - - - - - - - 1142 1649 

1.5 2 2.73% 813 411 130 - - - - - - - 125 469 

2 2.5 0.78% 251 176 14 - - - - - - - 5 79 

2.5 3 0.26% 108 82 10 - - - - - - - - 8 

3 3.5 0.05% 5 23 - - - - - - - - - 1 

3.5 4 0.02% 1 15 - - - - - - - - - - 

4 4.5 0.01% 1 4 - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - 

  Percentage 
Occurrence 

15.02% 9.83% 10.94% 0.57% 0.53% 0.46% 0.72% 2.47% 6.27% 15.29% 25.58% 12.30% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.64: Summer wave climate at Point 3, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 7085 5978 5946 795 373 217 220 529 2719 16583 19881 6486 

0.5 1 33.19% 4648 2331 4093 7 - - - 2 1 811 7290 3831 

1 1.5 10.17% 2455 1062 1027 - - - - - - - 1213 1643 

1.5 2 2.77% 838 426 123 - - - - - - - 126 473 

2 2.5 0.79% 260 177 11 - - - - - - - 5 77 

2.5 3 0.26% 109 87 4 - - - - - - - - 6 

3 3.5 0.05% 5 23 - - - - - - - - - 1 

3.5 4 0.02% 1 15 - - - - - - - - - - 

4 4.5 0.01% 2 3 - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - 

  Percentage 
Occurrence 

15.40% 10.10% 11.20% 0.80% 0.37% 0.22% 0.22% 0.53% 2.72% 17.39% 28.52% 12.52% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.65: Summer wave climate at Point 3, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 7147 6168 5812 710 343 172 193 500 2383 15998 20879 6560 

0.5 1 33.14% 4640 2361 4060 3 - - - 1 2 825 7233 3829 

1 1.5 10.18% 2445 1066 1024 - - - - - - - 1197 1669 

1.5 2 2.78% 840 424 125 - - - - - - - 126 476 

2 2.5 0.79% 256 176 11 - - - - - - - 5 78 

2.5 3 0.26% 110 88 5 - - - - - - - - 7 

3 3.5 0.05% 5 23 - - - - - - - - - 1 

3.5 4 0.02% 1 15 - - - - - - - - - - 

4 4.5 0.01% 1 4 - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - 

  Percentage 
Occurrence 

15.45% 10.32% 11.04% 0.71% 0.34% 0.17% 0.19% 0.50% 2.39% 16.82% 29.44% 12.62% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.66: Summer wave climate at Point 3, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 4 2745 26853 28608 7677 980 136 26 11 7 6 4 4 1 

0.5 1 32.94% - 5 548 11477 9425 1286 165 10 - - - - - - 

1 1.5 10.02% - - - 268 5266 1683 55 16 - - - - - - 

1.5 2 2.73% - - - 4 239 1590 108 - 6 - - - - - 

2 2.5 0.78% - - - - 3 275 246 - 1 - - - - - 

2.5 3 0.26% - - - - - 8 186 13 - - - - - - 

3 3.5 0.05% - - - - - - 17 13 - - - - - - 

3.5 4 0.02% - - - - - - - 15 1 - - - - - 

4 4.5 0.01% - - - - - - - 2 3 - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.00% 2.75% 27.40% 40.36% 22.61% 5.82% 0.91% 0.09% 0.02% 0.01% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 

  



 

 

 
Wylfa Newydd 

Main Site Wave Modelling 

DEM7943-RT004-R04-00 

Table C.67: Summer wave climate at Point 3, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 4 2773 27011 28498 7414 926 127 24 11 7 6 4 4 1 

0.5 1 33.19% - 5 545 11760 9309 1242 145 8 - - - - - - 

1 1.5 10.17% - - 1 238 5487 1602 57 15 - - - - - - 

1.5 2 2.77% - - - 4 249 1625 101 - 6 - - - - - 

2 2.5 0.79% - - - 1 2 284 242 - 1 - - - - - 

2.5 3 0.26% - - - - - 7 189 11 - - - - - - 

3 3.5 0.05% - - - - - - 17 13 - - - - - - 

3.5 4 0.02% - - - - - - - 15 1 - - - - - 

4 4.5 0.01% - - - - - - - 2 3 - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.00% 2.78% 27.56% 40.50% 22.46% 5.69% 0.88% 0.09% 0.02% 0.01% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.68: Summer wave climate at Point 3, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 3 2725 26960 28477 7541 963 134 26 12 7 6 3 5 1 

0.5 1 33.14% - 4 538 11684 9300 1263 156 10 - - - - - - 

1 1.5 10.18% - - 1 241 5464 1622 56 16 - - - - - - 

1.5 2 2.78% - - - 4 248 1631 102 - 6 - - - - - 

2 2.5 0.79% - - - 1 2 282 241 - 1 - - - - - 

2.5 3 0.26% - - - - - 8 192 11 - - - - - - 

3 3.5 0.05% - - - - - - 17 13 - - - - - - 

3.5 4 0.02% - - - - - - - 15 1 - - - - - 

4 4.5 0.01% - - - - - - - 2 3 - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.00% 2.73% 27.50% 40.41% 22.56% 5.77% 0.90% 0.09% 0.02% 0.01% 0.01% 0.00% 0.01% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.69: Summer wave climate at Point 4, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 16813 12936 7704 1033 324 233 542 1450 1928 4348 8623 22077 

0.5 1 21.99% 6875 3866 3405 1 - - - - - - 46 2824 

1 1.5 4.97% 1808 1339 516 - - - - - - - - 421 

1.5 2 0.89% 317 329 12 - - - - - - - - 6 

2 2.5 0.22% 52 113 6 - - - - - - - - - 

2.5 3 0.05% 1 36 - - - - - - - - - - 

3 3.5 0.01% - 13 - - - - - - - - - - 

3.5 4 0.00% - 1 - - - - - - - - - - 

  Percentage 
Occurrence 

25.87% 18.63% 11.64% 1.03% 0.32% 0.23% 0.54% 1.45% 1.93% 4.35% 8.67% 25.33% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.70: Summer wave climate at Point 4, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 20035 14572 7991 1282 406 365 896 1700 1796 3600 6475 18509 

0.5 1 22.37% 7586 4455 3137 1 - - - - - - 25 2084 

1 1.5 5.08% 1939 1493 430 - - - - - - - - 317 

1.5 2 0.91% 321 349 10 - - - - - - - - 3 

2 2.5 0.22% 51 116 5 - - - - - - - - - 

2.5 3 0.05% 1 35 - - - - - - - - - - 

3 3.5 0.01% - 14 - - - - - - - - - - 

3.5 4 0.00% - 1 - - - - - - - - - - 

  Percentage Occurrence 29.93% 21.03% 11.57% 1.28% 0.41% 0.36% 0.90% 1.70% 1.80% 3.60% 6.50% 20.91% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.71: Summer wave climate at Point 4, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 18430 13572 7855 1071 317 251 563 1452 1858 4073 7956 20410 

0.5 1 22.19% 7201 4280 3260 1 - - - - - - 32 2383 

1 1.5 5.03% 1864 1438 462 - - - - - - - - 366 

1.5 2 0.90% 320 347 11 - - - - - - - - 3 

2 2.5 0.22% 51 118 5 - - - - - - - - - 

2.5 3 0.05% 1 34 - - - - - - - - - - 

3 3.5 0.01% - 14 - - - - - - - - - - 

3.5 4 0.00% - 1 - - - - - - - - - - 

  Percentage 
Occurrence 

27.87% 19.80% 11.59% 1.07% 0.32% 0.25% 0.56% 1.45% 1.86% 4.07% 7.99% 23.16% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.72: Summer wave climate at Point 4, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 59 6794 29021 29941 10123 1715 274 48 13 7 11 5 1 

0.5 1 21.99% - 13 934 7026 7334 1391 282 34 3 - - - - 

1 1.5 4.97% - - 1 172 1927 1806 164 6 6 2 - - - 

1.5 2 0.89% - - 1 - 59 379 209 16 - - - - - 

2 2.5 0.22% - - - - 2 48 109 13 - - - - - 

2.5 3 0.05% - - - - - - 21 13 3 - - - - 

3 3.5 0.01% - - - - - - - 11 2 - - - - 

3.5 4 0.00% - - - - - - - - 1 - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.06% 6.81% 29.96% 37.14% 19.44% 5.34% 1.06% 0.14% 0.03% 0.01% 0.01% 0.01% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.73: Summer wave climate at Point 4, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 33 6500 29391 29985 9776 1605 255 45 12 8 11 5 1 

0.5 1 22.37% - 10 813 7247 7547 1370 269 32 1 - - - - 

1 1.5 5.08% - - - 147 2009 1847 159 7 7 2 - - - 

1.5 2 0.91% - - - 1 54 398 214 15 - - - - - 

2 2.5 0.22% - - - - 1 48 111 12 - - - - - 

2.5 3 0.05% - - - - - - 22 11 3 - - - - 

3 3.5 0.01% - - - - - - - 12 2 - - - - 

3.5 4 0.00% - - - - - - - - 1 - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.03% 6.51% 30.20% 37.38% 19.39% 5.27% 1.03% 0.13% 0.03% 0.01% 0.01% 0.01% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.74: Summer wave climate at Point 4, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 46 6403 28923 30154 10206 1721 268 49 12 8 11 5 1 

0.5 1 22.19% - 11 879 7170 7391 1387 282 35 3 - - - - 

1 1.5 5.03% - - 1 157 1964 1832 162 6 6 2 - - - 

1.5 2 0.90% - - - 1 56 394 213 16 - - - - - 

2 2.5 0.22% - - - - 1 49 112 12 - - - - - 

2.5 3 0.05% - - - - - - 21 11 3 - - - - 

3 3.5 0.01% - - - - - - - 12 2 - - - - 

3.5 4 0.00% - - - - - - - - 1 - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.05% 6.41% 29.80% 37.48% 19.62% 5.38% 1.06% 0.14% 0.03% 0.01% 0.01% 0.01% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.75: Summer wave climate at Point 6, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 12649 40328 15762 5542 4693 4102 2089 904 735 487 565 1234 

0.5 1 10.91% 175 6753 2647 4 - - - - - - - - 

1 1.5 1.33% 2 968 168 - - - - - - - - - 

1.5 2 0.19% - 117 21 - - - - - - - - - 

2 2.5 0.06% - 41 3 - - - - - - - - - 

2.5 3 0.01% - 12 - - - - - - - - - - 

  Percentage 
Occurrence 

12.83% 48.22% 18.60% 5.55% 4.69% 4.10% 2.09% 0.90% 0.73% 0.49% 0.56% 1.23% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.76: Summer wave climate at Point 6, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 6976 42470 17329 7701 6584 4341 1298 561 475 280 234 712 

0.5 1 11.04% 28 7137 2534 4 - - - - - - - - 

1 1.5 1.34% - 990 153 - - - - - - - - - 

1.5 2 0.20% - 128 12 - - - - - - - - - 

2 2.5 0.06% - 43 2 - - - - - - - - - 

2.5 3 0.01% - 12 - - - - - - - - - - 

  Percentage 
Occurrence 

7.00% 50.78% 20.03% 7.70% 6.58% 4.34% 1.30% 0.56% 0.48% 0.28% 0.23% 0.71% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.77: Summer wave climate at Point 6, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 10205 41822 16335 6182 4982 4117 1961 837 669 413 448 1014 

0.5 1 11.01% 62 7052 2554 4 - - - - - - - - 

1 1.5 1.34% - 992 153 - - - - - - - - - 

1.5 2 0.20% - 122 17 - - - - - - - - - 

2 2.5 0.06% - 43 3 - - - - - - - - - 

2.5 3 0.01% - 12 - - - - - - - - - - 

  Percentage 
Occurrence 

10.27% 50.04% 19.06% 6.19% 4.98% 4.12% 1.96% 0.84% 0.67% 0.41% 0.45% 1.01% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.78: Summer wave climate at Point 6, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 261 9396 27595 31212 16461 3502 520 93 26 10 9 2 2 1 

0.5 1 10.91% 1 3 437 3223 3616 1985 276 28 10 - - - - - 

1 1.5 1.33% - - - 32 362 454 266 24 - - - - - - 

1.5 2 0.19% - - - - 9 52 63 14 1 - - - - - 

2 2.5 0.06% - - - - - 9 24 7 4 - - - - - 

2.5 3 0.01% - - - - - - - 12 - - - - - - 

3 3.5 0.00% - - - - - - - - - - - - - - 

3.5 4 0.00% - - - - - - - - - - - - - - 

4 4.5 0.00% - - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.26% 9.40% 28.03% 34.47% 20.45% 6.00% 1.15% 0.18% 0.04% 0.01% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.79: Summer wave climate at Point 6, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 217 8958 27613 31700 16456 3372 508 84 26 12 6 3 2 1 

0.5 1 11.04% 1 2 406 3204 3712 2056 282 29 11 - - - - - 

1 1.5 1.34% - - - 30 356 466 267 24 - - - - - - 

1.5 2 0.20% - - - - 7 53 64 14 1 - - - - - 

2 2.5 0.06% - - - - - 10 23 7 4 - - - - - 

2.5 3 0.01% - - - - - - - 12 - - - - - - 

3 3.5 0.00% - - - - - - - - - - - - - - 

3.5 4 0.00% - - - - - - - - - - - - - - 

4 4.5 0.00% - - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.22% 8.96% 28.02% 34.93% 20.53% 5.96% 1.14% 0.17% 0.04% 0.01% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.80: Summer wave climate at Point 6, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 212 8783 27226 31421 16952 3675 569 98 27 9 10 2 2 1 

0.5 1 11.01% 1 4 460 3213 3606 2032 316 28 12 1 - - - - 

1 1.5 1.34% - - - 32 369 449 269 27 - - - - - - 

1.5 2 0.20% - - - - 10 53 62 14 1 - - - - - 

2 2.5 0.06% - - - - - 9 26 7 4 - - - - - 

2.5 3 0.01% - - - - - - - 12 - - - - - - 

3 3.5 0.00% - - - - - - - - - - - - - - 

3.5 4 0.00% - - - - - - - - - - - - - - 

4 4.5 0.00% - - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.21% 8.79% 27.69% 34.67% 20.94% 6.22% 1.24% 0.19% 0.04% 0.01% 0.01% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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C.3. Winter (Oct-Mar) conditions 
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Table C.81: Winter wave climate at Point 2, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 1494 1542 3803 1174 335 205 296 678 3522 9417 2901 1868 

0.5 1 72.76% 1368 1524 5080 682 134 95 124 223 2967 16038 4099 1685 

1 1.5 38.74% 1055 1062 2653 48 6 7 10 33 544 9265 3685 1346 

1.5 2 19.03% 791 593 944 1 - - - - 13 3523 2688 913 

2 2.5 9.57% 351 350 405 - - - - - - 1205 1912 631 

2.5 3 4.71% 201 120 113 - - - - - - 440 1214 467 

3 3.5 2.16% 162 50 10 - - - - - - 90 735 216 

3.5 4 0.89% 84 27 3 - - - - - - 28 276 148 

4 4.5 0.33% 36 16 - - - - - - - 14 60 87 

4.5 5 0.12% 17 2 - - - - - - - 2 11 47 

5 5.5 0.04% 11 1 - - - - - - - - 2 15 

5.5 6 0.01% 3 - - - - - - - - - - 6 

  Percentage 
Occurrence 

5.57% 5.29% 13.01% 1.91% 0.48% 0.31% 0.43% 0.93% 7.05% 40.02% 17.58% 7.43% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.82: Winter wave climate at Point 2, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 1461 1519 3811 1201 350 208 305 657 3611 9323 2879 1847 

0.5 1 72.83% 1364 1525 5054 703 141 103 128 235 2968 16036 4101 1678 

1 1.5 38.79% 1064 1062 2656 51 7 7 10 37 594 9212 3675 1338 

1.5 2 19.08% 794 593 938 1 - - - - 14 3568 2685 913 

2 2.5 9.57% 353 349 410 - - - - - - 1203 1908 629 

2.5 3 4.72% 202 122 112 - - - - - - 443 1208 468 

3 3.5 2.17% 164 51 10 - - - - - - 88 738 218 

3.5 4 0.90% 86 27 3 - - - - - - 27 277 148 

4 4.5 0.33% 36 16 - - - - - - - 14 61 88 

4.5 5 0.12% 17 2 - - - - - - - 2 11 45 

5 5.5 0.04% 11 1 - - - - - - - - 2 16 

5.5 6 0.01% 4 - - - - - - - - - - 5 

  Percentage 
Occurrence 

5.55% 5.27% 12.99% 1.96% 0.50% 0.32% 0.44% 0.93% 7.19% 39.92% 17.54% 7.39% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.83: Winter wave climate at Point 2, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 1469 1554 3830 1177 336 204 307 650 3495 9408 2880 1855 

0.5 1 72.84% 1357 1523 5069 695 141 95 130 223 2963 16124 4089 1676 

1 1.5 38.75% 1065 1061 2654 50 6 9 9 34 552 9262 3681 1342 

1.5 2 19.03% 794 591 942 1 - - - - 13 3537 2676 913 

2 2.5 9.56% 347 350 411 - - - - - - 1202 1903 630 

2.5 3 4.72% 201 119 112 - - - - - - 443 1215 464 

3 3.5 2.16% 163 51 10 - - - - - - 88 736 219 

3.5 4 0.90% 86 27 3 - - - - - - 27 276 147 

4 4.5 0.33% 36 16 - - - - - - - 15 60 88 

4.5 5 0.12% 17 2 - - - - - - - 2 11 46 

5 5.5 0.04% 11 1 - - - - - - - - 2 15 

5.5 6 0.01% 4 - - - - - - - - - - 5 

  Percentage 
Occurrence 

5.55% 5.30% 13.03% 1.92% 0.48% 0.31% 0.45% 0.91% 7.02% 40.11% 17.53% 7.40% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.84: Winter wave climate at Point 2, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

1 2 3 4 5 6 7 8 9 10 11 

2 3 4 5 6 7 8 9 10 11 12 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 235 6836 12782 5677 1389 264 39 9 1 2 1 

0.5 1 72.76% - 518 13530 16480 3139 313 39 1 - - - 

1 1.5 38.74% - 4 879 11844 5244 1589 148 5 - - - 

1.5 2 19.03% - - 11 2389 5802 861 356 47 - - - 

2 2.5 9.57% - - - 68 3824 820 100 38 3 - - 

2.5 3 4.71% - - - - 604 1816 121 13 1 - - 

3 3.5 2.16% - - - - 9 963 270 14 7 - - 

3.5 4 0.89% - - - - 1 102 445 16 1 - - 

4 4.5 0.33% - - - - - 2 180 27 4 - - 

4.5 5 0.12% - - - - - 1 32 40 4 1 - 

5 #NUM! 0.04% - - - - - - 2 34 2 - - 

  Percentage Occurrence 0.24% 7.36% 27.20% 36.46% 20.01% 6.73% 1.73% 0.24% 0.02% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.85: Winter wave climate at Point 2, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

1 2 3 4 5 6 7 8 9 10 11 

2 3 4 5 6 7 8 9 10 11 12 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 245 6929 12717 5588 1380 263 37 10 1 2 1 

0.5 1 72.83% - 534 13589 16467 3103 303 38 1 - - - 

1 1.5 38.79% - 4 885 11867 5282 1539 131 5 - - - 

1.5 2 19.08% - - 11 2351 5835 905 357 46 - - - 

2 2.5 9.57% - - - 66 3814 828 105 36 3 - - 

2.5 3 4.72% - - - - 598 1823 118 15 1 - - 

3 3.5 2.17% - - - - 9 969 270 14 7 - - 

3.5 4 0.90% - - - - 1 101 449 15 1 - - 

4 4.5 0.33% - - - - - 2 182 27 4 - - 

4.5 5 0.12% - - - - - 1 30 40 4 1 - 

5 #NUM! 0.04% - - - - - - 3 34 2 - - 

  Percentage Occurrence 0.24% 7.47% 27.20% 36.34% 20.02% 6.73% 1.72% 0.24% 0.02% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.86: Winter wave climate at Point 2, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

1 2 3 4 5 6 7 8 9 10 11 

2 3 4 5 6 7 8 9 10 11 12 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 248 6962 12665 5561 1396 274 44 11 1 2 1 

0.5 1 72.84% - 500 13512 16584 3137 313 39 1 - - - 

1 1.5 38.75% - 4 832 11832 5327 1578 146 5 - - - 

1.5 2 19.03% - - 11 2282 5898 877 355 45 - - - 

2 2.5 9.56% - - - 67 3795 839 100 37 3 - - 

2.5 3 4.72% - - - - 562 1856 120 14 1 - - 

3 3.5 2.16% - - - - 9 967 271 13 7 - - 

3.5 4 0.90% - - - - 1 100 448 15 1 - - 

4 4.5 0.33% - - - - - 2 182 27 4 - - 

4.5 5 0.12% - - - - - 1 31 40 4 1 - 

5 #NUM! 0.04% - - - - - - 2 34 2 - - 

  Percentage Occurrence 0.25% 7.47% 27.02% 36.33% 20.13% 6.81% 1.74% 0.24% 0.02% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.87: Winter wave climate at Point 3, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 3312 3595 5273 774 652 543 628 990 2224 7871 14307 3788 

0.5 1 56.04% 2215 2217 5519 22 5 6 5 7 165 3181 15971 4386 

1 1.5 22.34% 1761 1482 2171 1 - - - - - 3 5319 2901 

1.5 2 8.71% 1082 744 604 - - - - - - - 1238 1845 

2 2.5 3.19% 549 306 150 - - - - - - - 247 836 

2.5 3 1.10% 307 84 38 - - - - - - - 23 220 

3 3.5 0.43% 209 48 2 - - - - - - - 4 52 

3.5 4 0.12% 71 14 - - - - - - - - - 3 

4 4.5 0.03% 17 3 - - - - - - - - - - 

4.5 5 0.01% 4 3 - - - - - - - - - - 

  Percentage 
Occurrence 

9.53% 8.50% 13.76% 0.80% 0.66% 0.55% 0.63% 1.00% 2.39% 11.05% 37.11% 14.03% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.88: Winter wave climate at Point 3, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 3471 3784 5759 993 453 185 150 277 868 7985 15689 4086 

0.5 1 56.30% 2300 2195 5495 29 4 5 3 2 14 2229 16924 4410 

1 1.5 22.69% 1836 1472 2133 - - - - - - 4 5489 2903 

1.5 2 8.85% 1135 749 583 - - - - - - - 1281 1891 

2 2.5 3.21% 578 313 144 - - - - - - - 241 834 

2.5 3 1.10% 314 85 34 - - - - - - - 20 215 

3 3.5 0.44% 216 46 2 - - - - - - - 4 54 

3.5 4 0.11% 68 14 - - - - - - - - - 3 

4 4.5 0.03% 17 3 - - - - - - - - - - 

4.5 5 0.01% 4 3 - - - - - - - - - - 

  Percentage 
Occurrence 

9.94% 8.66% 14.15% 1.02% 0.46% 0.19% 0.15% 0.28% 0.88% 10.22% 39.65% 14.40% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.89: Winter wave climate at Point 3, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 3520 3884 5772 887 399 145 131 243 766 7556 16273 4196 

0.5 1 56.23% 2314 2205 5458 20 2 6 3 1 10 2218 16962 4401 

1 1.5 22.63% 1830 1483 2114 - - - - - - 3 5414 2930 

1.5 2 8.86% 1134 760 585 - - - - - - - 1291 1873 

2 2.5 3.21% 572 313 144 - - - - - - - 247 832 

2.5 3 1.10% 314 88 33 - - - - - - - 21 216 

3 3.5 0.43% 211 48 2 - - - - - - - 4 53 

3.5 4 0.11% 69 14 - - - - - - - - - 3 

4 4.5 0.03% 17 3 - - - - - - - - - - 

4.5 5 0.01% 4 3 - - - - - - - - - - 

  Percentage 
Occurrence 

9.98% 8.80% 14.11% 0.91% 0.40% 0.15% 0.13% 0.24% 0.78% 9.78% 40.21% 14.50% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.90: Winter wave climate at Point 3, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 1 880 11498 19365 9543 2095 452 97 21 1 1 2 1 

0.5 1 56.04% - - 399 10845 15438 5098 1684 221 14 1 - - - 

1 1.5 22.34% - - 5 284 7325 4685 920 341 73 3 - - - 

1.5 2 8.71% - - - 6 468 3800 1037 154 41 5 - - - 

2 2.5 3.19% - - - - 4 664 1190 195 24 11 - - - 

2.5 3 1.10% - - - - - 14 435 200 20 4 - - - 

3 3.5 0.43% - - - - - - 56 244 7 6 1 - - 

3.5 4 0.12% - - - - - - 1 44 44 - - - - 

4 4.5 0.03% - - - - - - - 3 15 2 - - - 

4.5 5 0.01% - - - - - - - - 7 - - - - 

  Percentage 
Occurrence 

0.00% 0.88% 11.90% 30.50% 32.78% 16.35% 5.78% 1.50% 0.27% 0.03% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.91: Winter wave climate at Point 3, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

1 2 3 4 5 6 7 8 9 10 11 12 

2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 866 11547 19373 9418 1963 420 88 20 1 1 2 1 

0.5 1 56.30% - 377 11178 15319 4988 1539 197 11 1 - - - 

1 1.5 22.69% - 5 260 7662 4620 896 329 64 3 - - - 

1.5 2 8.85% - - 6 479 3938 1027 149 36 4 - - - 

2 2.5 3.21% - - - 5 673 1212 184 27 9 - - - 

2.5 3 1.10% - - - - 12 444 191 18 3 - - - 

3 3.5 0.44% - - - - - 59 250 6 6 1 - - 

3.5 4 0.11% - - - - - 1 43 41 - - - - 

4 4.5 0.03% - - - - - - 3 17 - - - - 

4.5 5 0.01% - - - - - - - 7 - - - - 

  Percentage 
Occurrence 

0.87% 11.93% 30.82% 32.88% 16.19% 5.60% 1.43% 0.25% 0.03% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.92: Winter wave climate at Point 3, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

1 2 3 4 5 6 7 8 9 10 11 12 

2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 853 11515 19308 9487 2048 441 93 21 1 1 2 1 

0.5 1 56.23% - 365 11055 15291 5039 1623 215 12 1 - - - 

1 1.5 22.63% - 5 255 7601 4609 895 335 69 3 - - - 

1.5 2 8.86% - - 6 476 3938 1030 151 38 4 - - - 

2 2.5 3.21% - - - 4 668 1214 186 26 10 - - - 

2.5 3 1.10% - - - - 12 448 190 19 3 - - - 

3 3.5 0.43% - - - - - 56 247 7 6 1 - - 

3.5 4 0.11% - - - - - 1 41 44 - - - - 

4 4.5 0.03% - - - - - - 3 17 - - - - 

4.5 5 0.01% - - - - - - - 7 - - - - 

  Percentage 
Occurrence 

0.85% 11.88% 30.62% 32.86% 16.31% 5.71% 1.46% 0.26% 0.03% 0.00% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.93: Winter wave climate at Point 4, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 10768 8883 7991 1281 294 223 246 373 767 2136 5248 21735 

0.5 1 40.06% 7918 3617 5003 4 1 - - - - 4 270 10473 

1 1.5 12.76% 3206 2381 1089 - - - - - - - - 2632 

1.5 2 3.46% 1182 710 280 - - - - - - - - 357 

2 2.5 0.93% 382 250 89 - - - - - - - - 21 

2.5 3 0.19% 76 76 5 - - - - - - - - 4 

3 3.5 0.02% 7 13 - - - - - - - - - - 

3.5 4 0.00% - 4 - - - - - - - - - - 

  Percentage 
Occurrence 

23.54% 15.93% 14.46% 1.29% 0.29% 0.22% 0.25% 0.37% 0.77% 2.14% 5.52% 35.22% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.94: Winter wave climate at Point 4, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 14531 9579 8354 1444 382 288 328 395 902 1843 3857 17113 

0.5 1 40.99% 10953 3933 4799 7 1 1 1 - - 10 222 7954 

1 1.5 13.10% 4076 2613 952 - - - - - - - - 1912 

1.5 2 3.55% 1363 768 240 - - - - - - - - 247 

2 2.5 0.93% 385 274 74 - - - - - - - - 13 

2.5 3 0.19% 81 72 4 - - - - - - - - 1 

3 3.5 0.03% 10 14 - - - - - - - - - - 

3.5 4 0.00% - 4 - - - - - - - - - - 

  Percentage 
Occurrence 

31.40% 17.26% 14.42% 1.45% 0.38% 0.29% 0.33% 0.39% 0.90% 1.85% 4.08% 27.24% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.95: Winter wave climate at Point 4, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 12520 9150 8269 1323 281 226 257 356 736 2035 4645 19687 

0.5 1 40.51% 9491 3829 4862 3 2 - - - - 6 254 9101 

1 1.5 12.97% 3707 2535 995 - - - - - - - - 2197 

1.5 2 3.53% 1315 760 253 - - - - - - - - 274 

2 2.5 0.93% 381 274 79 - - - - - - - - 15 

2.5 3 0.18% 74 72 5 - - - - - - - - 2 

3 3.5 0.03% 7 14 - - - - - - - - - - 

3.5 4 0.00% - 4 - - - - - - - - - - 

  Percentage 
Occurrence 

27.50% 16.64% 14.46% 1.33% 0.28% 0.23% 0.26% 0.36% 0.74% 2.04% 4.90% 31.28% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.96: Winter wave climate at Point 4, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 35 2097 14246 23175 14719 4420 1014 197 32 4 4 - 1 

0.5 1 40.06% - 7 654 6061 11025 6054 2542 803 134 11 - - - 

1 1.5 12.76% - - 1 151 2970 4151 1524 381 99 29 2 - - 

1.5 2 3.46% - - - - 106 1096 930 355 27 14 1 - - 

2 2.5 0.93% - - - - 1 79 322 288 37 10 5 - - 

2.5 3 0.19% - - - - - - 34 72 48 3 3 - - 

3 3.5 0.02% - - - - - - - 12 7 1 - - - 

3.5 4 0.00% - - - - - - - 1 3 - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.04% 2.10% 14.90% 29.39% 28.82% 15.80% 6.37% 2.11% 0.39% 0.07% 0.02% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.97: Winter wave climate at Point 4, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 26 1976 14374 23100 14337 4070 916 178 30 3 4 - 1 

0.5 1 40.99% - 7 557 6239 11541 6099 2543 764 121 10 - - - 

1 1.5 13.10% - - 1 133 3080 4344 1502 363 100 30 - - - 

1.5 2 3.55% - - - - 97 1140 995 348 23 14 1 - - 

2 2.5 0.93% - - - - 1 72 340 283 38 7 4 - - 

2.5 3 0.19% - - - - - - 30 79 43 4 3 - - 

3 3.5 0.03% - - - - - - - 12 10 1 1 - - 

3.5 4 0.00% - - - - - - - 1 3 - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage Occurrence 0.03% 1.98% 14.93% 29.47% 29.06% 15.73% 6.33% 2.03% 0.37% 0.07% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.98: Winter wave climate at Point 4, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 31 1986 14117 23065 14690 4386 983 190 29 4 4 - 1 

0.5 1 40.51% - 6 603 6117 11186 6083 2582 813 147 11 - - - 

1 1.5 12.97% - - 1 141 3030 4234 1519 383 94 30 2 - - 

1.5 2 3.53% - - - - 104 1138 954 365 24 15 1 - - 

2 2.5 0.93% - - - - 1 81 333 280 40 9 5 - - 

2.5 3 0.18% - - - - - - 31 72 45 4 2 - - 

3 3.5 0.03% - - - - - - - 11 9 1 1 - - 

3.5 4 0.00% - - - - - - - 1 3 - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.03% 1.99% 14.72% 29.32% 29.01% 15.92% 6.40% 2.11% 0.39% 0.07% 0.02% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.99: Winter wave climate at Point 6, baseline, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 15707 32157 18568 5783 2899 1511 815 535 529 313 344 884 

0.5 1 19.96% 1219 10298 4705 34 2 1 - - - - - - 

1 1.5 3.70% 11 2199 770 - - - - - - - - - 

1.5 2 0.72% - 424 171 - - - - - - - - - 

2 2.5 0.12% - 89 20 - - - - - - - - - 

2.5 3 0.01% - 10 2 - - - - - - - - - 

  Percentage 
Occurrence 

16.94% 45.18% 24.24% 5.82% 2.90% 1.51% 0.82% 0.54% 0.53% 0.31% 0.34% 0.88% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.100: Winter wave climate at Point 6, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 6556 36825 20845 7649 4081 1597 579 332 300 199 164 346 

0.5 1 20.53% 95 12012 4641 42 3 1 - - - - - - 

1 1.5 3.73% - 2297 726 - - - - - - - - - 

1.5 2 0.71% - 454 140 - - - - - - - - - 

2 2.5 0.12% - 89 15 - - - - - - - - - 

2.5 3 0.01% - 11 1 - - - - - - - - - 

  Percentage 
Occurrence 

6.65% 51.69% 26.37% 7.69% 4.08% 1.60% 0.58% 0.33% 0.30% 0.20% 0.16% 0.35% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.101: Winter wave climate at Point 6, part-built, 2023 “present day”, significant wave height (Hs) against mean wave direction 

Hs1 (m) 

Wave direction 

-15 15 45 75 105 135 165 195 225 255 285 315 

15 45 75 105 135 165 195 225 255 285 315 345 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 11199 35173 19869 6134 2910 1494 803 491 477 288 252 713 

0.5 1 20.20% 404 11435 4587 31 3 1 - - - - - - 

1 1.5 3.73% - 2278 740 - - - - - - - - - 

1.5 2 0.72% - 442 159 - - - - - - - - - 

2 2.5 0.12% - 84 21 - - - - - - - - - 

2.5 3 0.01% - 10 2 - - - - - - - - - 

  Percentage 
Occurrence 

11.60% 49.42% 25.38% 6.16% 2.91% 1.50% 0.80% 0.49% 0.48% 0.29% 0.25% 0.71% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.102: Winter wave climate at Point 6, baseline, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 118 3356 15180 25023 22474 10020 3048 694 115 15 - 1 1 

0.5 1 19.96% 1 11 343 3353 5031 4275 2194 798 197 52 4 - - 

1 1.5 3.70% - - 1 45 750 1152 626 344 49 10 3 - - 

1.5 2 0.72% - - - - 17 198 196 136 47 1 - - - 

2 2.5 0.12% - - - - - 16 36 32 26 - - - - 

2.5 3 0.01% - - - - - - - 9 3 - - - - 

3 3.5 0.00% - - - - - - - - - - - - - 

3.5 4 0.00% - - - - - - - - - - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage Occurrence 0.12% 3.37% 15.52% 28.42% 28.27% 15.66% 6.10% 2.01% 0.44% 0.08% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.103: Winter wave climate at Point 6, fully-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 99 3158 14860 25102 22508 9987 2957 683 101 15 1 1 1 

0.5 1 20.53% - 11 310 3328 5173 4574 2285 857 202 52 2 - - 

1 1.5 3.73% - - 1 47 732 1174 651 350 50 12 5 - - 

1.5 2 0.71% - - - - 15 194 200 135 50 1 - - - 

2 2.5 0.12% - - - - - 14 34 33 23 - - - - 

2.5 3 0.01% - - - - - - - 9 3 - - - - 

3 3.5 0.00% - - - - - - - - - - - - - 

3.5 4 0.00% - - - - - - - - - - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.10% 3.17% 15.17% 28.48% 28.43% 15.94% 6.13% 2.07% 0.43% 0.08% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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Table C.104: Winter wave climate at Point 6, part-built, 2023 “present day”, significant wave height (Hs) against mean wave period (Tm-10) 

Hs1 (m) 

Mean Wave Period (Tm-10) in Seconds 

0 1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Hs2 (m) P(Hs>Hs1) 

0 0.5 100.00% 102 3148 14644 24727 22477 10492 3280 779 135 16 - 1 1 

0.5 1 20.20% 1 12 353 3387 4941 4364 2255 887 205 53 4 - - 

1 1.5 3.73% - - 1 47 761 1149 631 352 59 10 7 - - 

1.5 2 0.72% - - - - 16 199 195 138 51 1 - - - 

2 2.5 0.12% - - - - - 15 35 32 23 - - - - 

2.5 3 0.01% - - - - - - - 9 3 - - - - 

3 3.5 0.00% - - - - - - - - - - - - - 

3.5 4 0.00% - - - - - - - - - - - - - 

4 4.5 0.00% - - - - - - - - - - - - - 

4.5 5 0.00% - - - - - - - - - - - - - 

  Percentage 
Occurrence 

0.10% 3.16% 15.00% 28.16% 28.19% 16.22% 6.40% 2.20% 0.48% 0.08% 0.01% 0.00% 0.00% 

Source: HR Wallingford, SWAN wave transformation and Met Office WW3 offshore data, 1980-2015 
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D. The ARTEMIS wave disturbance model 
 

  



 

 

 
 

 

The ARTEMIS Wave Disturbance Model 1 

The ARTEMIS Wave Disturbance Model 
The ARTEMIS wave disturbance model was developed to predict wave conditions in ports and harbours.  
ARTEMIS employs state-of-the-art finite element techniques to compute wave heights throughout the area 
being modelled for each set of incident wave conditions.  Hence wave disturbance at a variety of mooring 
positions can be calculated for particular incident wave conditions in a single run of the model.  The model 
includes: wave diffraction by surface piercing structures as well as diffraction due to features of the sea bed; 
refraction and shoaling effects due to varying depths; and partial or complete reflection from harbour or 
coastal boundaries.  In addition ARTEMIS includes the effects of sea bed friction and wave breaking.  

The equation solved is based on the Mild Slope Equation or Berkhoff Equation given by: 

where C and Cg are the phase and group velocities respectively defined by: 

where ω is the angular frequency, h is the still water depth, and k is the wave number defined by 2π/L 
where L (=CT) is the wavelength. 

Finite element discretisation of the mild slope equation results in a boundary valued problem which requires 
boundary conditions to be specified along the entire length of the boundary.  ARTEMIS includes several 
different boundary conditions which can be selected including: incident wave boundary conditions, which 
also absorb reflected waves and are specified in terms of an incident wave height, period and direction;  
general absorbing boundary conditions, specified in terms of an assumed wave direction;  and partial or fully 
reflecting boundary conditions, specified in terms of a reflection coefficient, phase change and assumed 
wave direction.  The specification of reflection coefficients along partially reflecting boundaries enables 
different types of construction, e.g. rubble slopes or vertical walls, to be investigated. 

ARTEMIS  requires a linear triangular finite element mesh.  To obtain accurate results it is important to 
sufficiently resolve the wave lengths in all water depths.  Approximately 7 to 8 points per wavelength is the 
minimum requirement, although the optimum lies somewhere between 10 and 20 points per wavelength.  
The advantage of using a finite element mesh is that the resolution of the mesh can be tailored to a particular 
range of wave periods and water depths so that the amount of computation required, which is dependent on 
the number of nodes, can be minimised. 

ARTEMIS can be used in either mono-frequency or random mode and either mono-directional or multi-
directional.  In the mono-frequency case a single period and direction component is used in the model.   For 
some situations this will provide a reasonable description of the wave field.  Due to constructive and 
destructive interference patterns caused by the interaction of waves of the same period, a more 
representative description of the wave field is sometimes achieved by using random incident waves.  In this 
case many period and possibly direction components are run within the model and combined automatically 
according to the incident wave spectrum.  ARTEMIS can also be used in period scanning mode to provide 
wave height fields for a sequence of wave periods. 
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The ARTEMIS Wave Disturbance Model 2 

ARTEMIS outputs wave heights and these are normally viewed in the form of colour contour plots using 
visualisation packages such as HRVIS or RUBENS. The results are also typically presented in the form of 
tables giving wave heights at specific analysis positions in the area of interest.  Other physical terms can 
also be output, such as the still water depths and in the case of single period and direction runs. ARTEMIS 
can also output the free surface elevation and the wave phase as well as several other physical properties.  
Using the wave height and wave phase terms the free surface elevation at time steps within a single wave 
period can be computed later which can then be animated.  

Typical results 

1. Tables of wave height at proposed mooring positions for different harbour layouts.  The model can be 
used, for example, to examine the effects of changing the length or orientation of a breakwater in 
providing shelter to existing berths. 

2. Graphs of wave height against wave period at different positions within a harbour.  These graphs can be 
used to identify wave periods for which the harbour is particularly responsive to. 

3. Tables of wave height at locations in the harbour for extreme wave conditions for different directions and 
return periods.  Such results would allow ‘downtime’ estimates to be made. 

ARTEMIS can be used in conjunction with a physical model.  This is done by calibrating the model against 
early physical model runs.  Different options for harbour layout can be examined in the computational model, 
allowing the “best” scheme to be selected for more detailed evaluation in the physical model.  The calibrated 
computational model can also be used to examine wave conditions other than those tested in the physical 
model. 
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E. Extreme wave conditions and joint exceedence 
extremes with sea levels at Point P1 

This appendix describes the derivation of extreme wave conditions and joint exceedence wave and high 
water levels extremes at Point P1, in order to provide boundary conditions to the ARTEMIS wave 
disturbance model.  Extreme conditions introduced here have been estimated during earlier work for Wylfa 
Newydd.   

It is understood from Horizon NP, that this type of result should be prepared with inclusion of plausible 
conservatism, for example in the form of allowance for uncertainties.  Hence: the wave modelling was 
undertaken at a constant high sea level; further refinement of the incident wave spectra of the highest ten 
percent of wave conditions was applied; and the joint probability assessment was undertaken using a 
conservative joint exceedence definition that more closely matches response function approaches typically 
used in coastal engineering studies. 

The climate-changed scenario represented here is the 2087 reasonably foreseeable case. 

E.1. Wave height extremes analysis 
Wave and sea level conditions with joint exceedence return periods of 5, 25, 75, 200 and 1000 years on the 
ARTEMIS model boundary would be needed for selection of appropriate test conditions to be run in the 
ARTEMIS model.  For this purpose it was necessary to derive extreme nearshore waves, and to generate 
joint exceedence results for a SWAN model nearshore wave prediction point on the ARTEMIS model 
boundary (Point P1, see Figure 5.3). 

The full 3-hourly time series of waves at Point P1 was generated at MHWS sea level with the model 
emulation approach described in Section 4.4.1.  The highest ten percent of wave heights at any or all of the 
five offshore locations, as used in Phase 1 (see Figure 4.1) were subsequently also re-run applying 
partitioned offshore wave spectra to the boundary of the SWAN model.  These were re-created using 
two-dimensional boundary wave spectra derived from the partitioned integrated parameters output from the 
UK Met Office WaveWatchIII hindcast model (Bunney et al., 2013), and replaced in the emulated nearshore 
time series. 

The resulting full 3-hourly nearshore time series, including the more accurate storm data, were used for the 
assessment and derivation of extremes. 

A list of independent peak significant wave height values over a threshold were extracted from the full 
nearshore time series, with a minimum separation time between neighbouring peaks of 48 hours.  
Omni-directional significant wave height extremes were estimated by fitting a Generalised Pareto 
Distribution, using Bayesian techniques with an uninformative prior distribution attached to a Poisson 
process. The fitted distribution for P1 is shown in Figure E.1. 

The derived extreme nearshore significant wave heights and associated wave periods for return periods of 5, 
25, 75, 200 and 1000 years are listed in Table E.1.  The mean wave periods listed are Tm-10 (in seconds) and 
are assigned based on the average wave steepness of the highest wave records at each nearshore point.  
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rather than offshore as is more often done.  The method used for estimation of joint exceedence extremes is 
similar to that used for Points A-D during the earlier flood hazard assessment (HR Wallingford, 2013; Amec, 
2015). 

The JOIN-SEA joint probability analysis programs (HR Wallingford, 2000; Hawkes et al, 2002) are used for 
analysis of time series data.  Information on wave climate and extremes, sea level and extremes, and 
dependence, is combined in a Monte Carlo simulation of a very large sample (50,000 years) of nearshore 
sea conditions, retaining the distributions of wave height, sea level and wave period, and the extrapolated 
extreme values of these variables; also the derived level of dependence between wave height and sea level.  
This very large sample is then thought of as a best estimate of what would be observed over that period of 
time. 

E.2.1. Correlation between large waves and high sea levels 

The degree of dependence between large waves and high sea levels is best determined from site-specific 
data, as was done here.  Dependence is analysed and quantified for the long period of wave predictions, 
1979-2015, against available periods of Holyhead tide gauge measurements transformed to equivalent sea 
levels at Wylfa.  The results derived during earlier work for Wylfa Newydd are shown in Figure E.2, in terms 
of the scatter of significant wave height against high-tide sea level for Points A-D near to the coast. 

The dependence analysis is based on estimation of the correlation coefficient ( -1.0 < ρ < 1.0) associated 
with a BiVariate Normal (BVN) distribution fitted to the pairings of significant wave height and high-tide sea 
level extracted from the nearshore time series results.  However, the fitting is not based on the actual values 
of wave height and sea level but rather on their relative rankings within the data sample.  A number of 
different thresholds were tried, with the BVN fitted to data above the threshold.  As with any long-term 
simulation coupled with extremes analysis, in a later simulation of a large sample of data, below the 
threshold the dependence would be taken directly from the source data, and above the threshold the 
dependence would be smoothed out (but in this case not extrapolated) using the fitted distribution.  (More 
detail and illustration of the method is given in HR Wallingford, 2000). 

A correlation coefficient of ρ = 1.0 would indicate complete dependence; conversely, ρ = 0.0 would indicate 
independence, and a negative ρ-value would indicate negative dependence.  As can be seen in Figure E.2 , 
correlation between wave height and sea level is near-zero for Point A, and slightly negative for Points B-D.  
This is consistent with the fact that the largest nearshore waves originate mainly from the north, but the 
surges tend to be associated with westerly and south-westerly conditions, the nearshore locations west of 
the site being a slight exception, being more exposed to westerly waves than the other three points. 
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equalled or exceeded at the same time as a specified value of a second variable (in this case sea level).  For 
convenience, these probabilities are usually expressed in terms of joint exceedence return period, referring 
to the average period of time between such occurrences. 

In this instance, as the results would subsequently be used in overtopping rate predictions, the joint 
exceedence curve for a given probability or return period is defined by the property that wave height / water 
level combinations exceeding the tangent to the curve at any point have the required probability of 
exceedence (Huseby et al., 2013).  The maximum of a response sampled along a tangent joint exceedence 
curve gives an estimate of the extreme response at that probability level, corresponding to a linear 
approximation to the response (the tangent at that point).  

Tangent joint exceedence extremes, with return periods up to 1000 years can be extracted directly from the 
50,000 year sample.  Results are expressed in terms of combinations of sea level, wave height and wave 
period with given frequencies of tangent joint exceedence corresponding to joint return periods of 5, 25, 75, 
200 and 1000 years. 

The same information is given in tabulated form for use in calculations in Table E.2, as lists of wave 
(significant wave height and mean wave period) and sea level conditions for 5, 25, 75, 200 and 1000 year 
joint exceedence return period.  The intention is that all combinations in any one table will be tested in any 
one structure calculation (e.g. overtopping rate) in order to find the worst case for that point and calculation. 

The joint exceedence curves for return periods of 5, 25, 75, 200 and 1000 years are presented in Figure E.3.  
The information is also tabulated in Table E.2 (the first row of each block of data representing the marginal 
extreme wave condition for that return period). 
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Return period (years) Hs(s) Tm-10 (s) mean Sea level (mOD) 

25 2.8 6.3 4.65 

25 0.0 - 4.82 

75 6.3 9.5 3.19 

75 6.3 9.4 3.43 

75 6.1 9.3 3.67 

75 5.9 9.2 3.92 

75 5.5 8.8 4.16 

75 4.7 8.2 4.40 

75 3.9 7.5 4.56 

75 3.5 7.0 4.65 

75 1.6 4.8 4.90 

75 0.0 - 4.94 

200 6.5 9.6 3.19 

200 6.5 9.6 3.43 

200 6.4 9.5 3.67 

200 6.2 9.4 3.92 

200 5.9 9.1 4.16 

200 5.1 8.5 4.40 

200 4.2 7.7 4.61 

200 4.0 7.6 4.65 

200 2.4 5.9 4.90 

200 0.0 - 5.03 

1000 6.8 9.8 3.19 

1000 6.7 9.8 3.43 

1000 6.7 9.7 3.67 

1000 6.5 9.7 3.92 

1000 6.3 9.5 4.16 

1000 5.8 9.0 4.40 

1000 4.7 8.2 4.65 

1000 4.5 8.0 4.69 

1000 3.3 6.9 4.90 

1000 1.6 4.8 5.15 

1000 0.0 - 5.17 

Source: HR Wallingford joint probability analysis 
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F. Nearshore joint exceedence wave and high water 
levels results inside the harbour 

Table F.1: Sea conditions, MOLF Berth 1 (A1), part-built, “2023 present-day” scenario 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

5 3.4 8.6 2.57 

5 3.4 8.5 2.81 

5 3.2 8.3 3.05 

5 3.0 8.0 3.30 

5 2.7 7.5 3.54 

5 2.0 6.6 3.78 

5 0.8 4.1 4.03 

5 0.0 - 4.04 

25 3.8 9.1 2.57 

25 3.8 9.1 2.81 

25 3.7 9.0 3.05 

25 3.5 8.7 3.30 

25 3.2 8.3 3.54 

25 2.3 7.1 3.88 

25 1.8 6.2 4.03 

25 0.0 - 4.20 

75 4.0 9.4 2.57 

75 4.0 9.3 2.81 

75 3.9 9.2 3.05 

75 3.8 9.1 3.30 

75 3.6 8.8 3.54 

75 3.1 8.1 3.78 

75 2.3 6.9 4.03 

75 1.1 4.7 4.28 

75 0.0 - 4.32 

200 4.1 9.5 2.57 

200 4.1 9.5 2.81 

200 4.0 9.4 3.05 

200 4.0 9.3 3.30 

200 3.8 9.0 3.54 

200 3.3 8.4 3.78 
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Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

200 2.6 7.4 4.03 

200 1.6 5.8 4.28 

200 0.0 - 4.41 

1000 4.2 9.7 2.57 

1000 4.2 9.7 2.81 

1000 4.2 9.7 3.05 

1000 4.1 9.6 3.30 

1000 4.0 9.4 3.54 

1000 3.7 8.7 3.78 

1000 3.1 7.7 4.03 

1000 2.2 6.8 4.28 

1000 1.0 4.7 4.53 

1000 0.0 - 4.55 

Source: ARTEMIS modelling and HR Wallingford analysis 
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Table F.2: Sea conditions, MOLF Berth 2 (A2), part-built, “2023 present-day” scenario 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

5 3.5 8.6 2.57 

5 3.4 8.5 2.81 

5 3.3 8.2 3.05 

5 3.1 8.0 3.30 

5 2.7 7.6 3.54 

5 2.1 6.7 3.78 

5 0.8 4.1 4.03 

5 0.0 - 4.04 

25 3.7 9.0 2.57 

25 3.7 8.9 2.81 

25 3.6 8.8 3.05 

25 3.5 8.6 3.30 

25 3.3 8.2 3.54 

25 2.4 7.1 3.88 

25 1.8 6.3 4.03 

25 0.0 - 4.20 

75 3.8 9.2 2.57 

75 3.8 9.1 2.81 

75 3.8 9.0 3.05 

75 3.7 8.9 3.30 

75 3.5 8.6 3.54 

75 3.1 8.1 3.78 

75 2.3 7.0 4.03 

75 1.1 4.8 4.28 

75 0.0 - 4.32 

200 3.9 9.3 2.57 

200 3.9 9.3 2.81 

200 3.8 9.2 3.05 

200 3.8 9.1 3.30 

200 3.7 8.8 3.54 

200 3.3 8.4 3.78 

200 2.7 7.5 4.03 

200 1.6 5.8 4.28 

200 0.0 - 4.41 
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Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

1000 4.0 9.5 2.57 

1000 4.0 9.5 2.81 

1000 3.9 9.4 3.05 

1000 3.9 9.4 3.30 

1000 3.8 9.2 3.54 

1000 3.6 8.6 3.78 

1000 3.1 7.6 4.03 

1000 2.2 6.8 4.28 

1000 1.1 4.7 4.53 

1000 0.0 - 4.55 

Source: ARTEMIS modelling and HR Wallingford analysis 
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Table F.3: Sea conditions, cofferdam (A3a), part-built, “2023 present-day” scenario 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

5 2.1 8.4 2.57 

5 2.1 8.3 2.81 

5 2.1 8.1 3.05 

5 2.0 7.8 3.30 

5 1.8 7.3 3.54 

5 1.5 6.5 3.78 

5 0.6 4.0 4.03 

5 0.0 - 4.04 

25 2.3 8.8 2.57 

25 2.3 8.7 2.81 

25 2.3 8.6 3.05 

25 2.3 8.5 3.30 

25 2.1 8.1 3.54 

25 1.6 6.9 3.88 

25 1.2 6.1 4.03 

25 0.0 - 4.20 

75 2.5 9.2 2.57 

75 2.5 9.1 2.81 

75 2.5 9.0 3.05 

75 2.4 8.8 3.30 

75 2.2 8.4 3.54 

75 2.0 7.8 3.78 

75 1.5 6.7 4.03 

75 0.7 4.6 4.28 

75 0.0 - 4.32 

200 2.6 9.3 2.57 

200 2.6 9.3 2.81 

200 2.6 9.2 3.05 

200 2.5 9.1 3.30 

200 2.4 8.8 3.54 

200 2.2 8.2 3.78 

200 1.7 7.3 4.03 

200 1.1 5.6 4.28 

200 0.0 - 4.41 
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Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

1000 2.7 9.6 2.57 

1000 2.7 9.6 2.81 

1000 2.7 9.6 3.05 

1000 2.7 9.5 3.30 

1000 2.6 9.3 3.54 

1000 2.4 8.5 3.78 

1000 2.1 7.4 4.03 

1000 1.5 6.7 4.28 

1000 0.7 4.6 4.53 

1000 0.0 - 4.55 

Source: ARTEMIS modelling and HR Wallingford analysis 
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Table F.4: Sea conditions, cofferdam (A3b), part-built, “2023 present-day” scenario 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

5 2.9 8.4 2.57 

5 2.8 8.4 2.81 

5 2.7 8.2 3.05 

5 2.6 7.9 3.30 

5 2.3 7.5 3.54 

5 1.9 6.5 3.78 

5 0.7 4.0 4.03 

5 0.0 - 4.04 

25 3.3 9.1 2.57 

25 3.3 9.0 2.81 

25 3.2 8.9 3.05 

25 3.0 8.6 3.30 

25 2.7 8.1 3.54 

25 2.0 7.0 3.88 

25 1.6 6.2 4.03 

25 0.0 - 4.20 

75 3.5 9.5 2.57 

75 3.5 9.4 2.81 

75 3.4 9.2 3.05 

75 3.3 9.0 3.30 

75 3.1 8.6 3.54 

75 2.7 8.0 3.78 

75 2.0 6.9 4.03 

75 0.9 4.7 4.28 

75 0.0 - 4.32 

200 3.6 9.6 2.57 

200 3.5 9.6 2.81 

200 3.5 9.5 3.05 

200 3.5 9.3 3.30 

200 3.3 9.0 3.54 

200 2.9 8.4 3.78 

200 2.3 7.4 4.03 

200 1.4 5.7 4.28 

200 0.0 - 4.41 
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Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

1000 3.7 9.7 2.57 

1000 3.6 9.7 2.81 

1000 3.7 9.7 3.05 

1000 3.6 9.6 3.30 

1000 3.5 9.4 3.54 

1000 3.2 8.7 3.78 

1000 2.7 7.6 4.03 

1000 1.9 6.7 4.28 

1000 0.9 4.7 4.53 

1000 0.0 - 4.55 

Source: ARTEMIS modelling and HR Wallingford analysis 
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Table F.5: Sea conditions, MOLF Berth 1 (A1), fully-built, “2087 reasonably foreseeable” scenario 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

5 3.4 8.9 3.19 

5 3.4 8.9 3.43 

5 3.2 8.7 3.67 

5 3.0 8.3 3.92 

5 2.7 7.8 4.16 

5 2.0 7.0 4.40 

5 0.8 4.3 4.65 

5 0.0 - 4.66 

25 3.9 9.6 3.19 

25 3.8 9.5 3.43 

25 3.7 9.4 3.67 

25 3.5 9.1 3.92 

25 3.2 8.6 4.16 

25 2.3 7.3 4.50 

25 1.8 6.4 4.65 

25 0.0 - 4.82 

75 4.1 9.8 3.19 

75 4.0 9.8 3.43 

75 4.0 9.7 3.67 

75 3.8 9.4 3.92 

75 3.5 9.0 4.16 

75 3.1 8.3 4.40 

75 2.3 7.2 4.65 

75 1.1 4.9 4.90 

75 0.0 - 4.94 

200 4.2 10.0 3.19 

200 4.2 10.0 3.43 

200 4.1 9.9 3.67 

200 4.0 9.8 3.92 

200 3.8 9.5 4.16 

200 3.4 8.8 4.40 

200 2.7 7.8 4.65 

200 1.6 6.0 4.90 

200 0.0 - 5.03 
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Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

1000 4.4 10.2 3.19 

1000 4.3 10.1 3.43 

1000 4.3 10.1 3.67 

1000 4.2 10.0 3.92 

1000 4.1 9.8 4.16 

1000 3.8 9.2 4.40 

1000 3.1 8.2 4.65 

1000 2.2 7.1 4.90 

1000 1.1 4.9 5.15 

1000 0.0 - 5.17 

Source: ARTEMIS modelling and HR Wallingford analysis 
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Table F.6: Sea conditions, MOLF Berth 2 (A2), fully-built, “2087 reasonably foreseeable” scenario 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

5 3.3 8.9 3.19 

5 3.2 8.8 3.43 

5 3.1 8.7 3.67 

5 2.8 8.2 3.92 

5 2.5 7.7 4.16 

5 2.0 6.9 4.40 

5 0.8 4.3 4.65 

5 0.0 - 4.66 

25 3.6 9.5 3.19 

25 3.6 9.4 3.43 

25 3.5 9.2 3.67 

25 3.3 9.0 3.92 

25 3.0 8.6 4.16 

25 2.2 7.2 4.50 

25 1.7 6.4 4.65 

25 0.0 - 4.82 

75 3.8 9.7 3.19 

75 3.8 9.7 3.43 

75 3.8 9.6 3.67 

75 3.6 9.3 3.92 

75 3.3 8.9 4.16 

75 2.8 8.2 4.40 

75 2.1 7.0 4.65 

75 1.0 4.8 4.90 

75 0.0 - 4.94 

200 4.0 10.0 3.19 

200 4.0 10.0 3.43 

200 3.9 9.9 3.67 

200 3.8 9.7 3.92 

200 3.6 9.4 4.16 

200 3.1 8.7 4.40 

200 2.4 7.6 4.65 

200 1.5 5.9 4.90 

200 0.0 - 5.03 



 

 

 
Wylfa Newydd

Main Site Wave Modelling

DEM7943-RT004-R04-00 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

1000 4.1 10.2 3.19 

1000 4.1 10.2 3.43 

1000 4.1 10.1 3.67 

1000 4.0 10.0 3.92 

1000 3.9 9.8 4.16 

1000 3.5 9.1 4.40 

1000 2.9 8.1 4.65 

1000 2.1 7.0 4.90 

1000 1.0 4.9 5.15 

1000 0.0 - 5.17 

Source: ARTEMIS modelling and HR Wallingford analysis 
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Table F.7: Sea conditions, MOLF Berth 1 (A1), fully-built, “2187 reasonably foreseeable” scenario 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

5 3.5 8.9 4.64 

5 3.4 8.8 4.88 

5 3.2 8.6 5.12 

5 3.0 8.3 5.37 

5 2.7 7.9 5.61 

5 2.1 7.0 5.85 

5 0.8 4.3 6.10 

5 0.0 - 6.11 

25 3.9 9.6 4.64 

25 3.9 9.6 4.88 

25 3.8 9.4 5.12 

25 3.6 9.1 5.37 

25 3.2 8.6 5.61 

25 2.3 7.3 5.95 

25 1.8 6.5 6.10 

25 0.0 - 6.27 

75 4.2 9.9 4.64 

75 4.1 9.9 4.88 

75 4.1 9.8 5.12 

75 3.9 9.6 5.37 

75 3.6 9.2 5.61 

75 3.1 8.5 5.85 

75 2.3 7.3 6.10 

75 1.1 5.0 6.35 

75 0.0 - 6.39 

200 4.3 10.0 4.64 

200 4.3 10.0 4.88 

200 4.2 9.9 5.12 

200 4.1 9.8 5.37 

200 3.8 9.5 5.61 

200 3.4 8.9 5.85 

200 2.7 7.9 6.10 

200 1.6 6.1 6.35 

200 0.0 - 6.48 
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Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

1000 4.4 10.1 4.64 

1000 4.4 10.1 4.88 

1000 4.3 10.1 5.12 

1000 4.3 10.0 5.37 

1000 4.1 9.8 5.61 

1000 3.8 9.3 5.85 

1000 3.1 8.4 6.10 

1000 2.2 7.1 6.35 

1000 1.0 4.9 6.60 

1000 0.0 - 6.62 

Source: ARTEMIS modelling and HR Wallingford analysis 
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Table F.8: Sea conditions, MOLF Berth 2 (A2), fully-built, “2187 reasonably foreseeable” scenario 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

5 3.3 8.8 4.64 

5 3.2 8.7 4.88 

5 3.1 8.6 5.12 

5 2.8 8.2 5.37 

5 2.5 7.7 5.61 

5 2.0 6.8 5.85 

5 0.8 4.2 6.10 

5 0.0 - 6.11 

25 3.7 9.6 4.64 

25 3.7 9.5 4.88 

25 3.6 9.4 5.12 

25 3.4 9.0 5.37 

25 3.0 8.5 5.61 

25 2.2 7.2 5.95 

25 1.7 6.3 6.10 

25 0.0 - 6.27 

75 4.0 9.9 4.64 

75 3.9 9.9 4.88 

75 3.9 9.8 5.12 

75 3.7 9.6 5.37 

75 3.4 9.1 5.61 

75 2.9 8.4 5.85 

75 2.1 7.1 6.10 

75 1.0 4.9 6.35 

75 0.0 - 6.39 

200 4.1 10.0 4.64 

200 4.1 10.0 4.88 

200 4.0 9.9 5.12 

200 4.0 9.8 5.37 

200 3.8 9.5 5.61 

200 3.3 8.9 5.85 

200 2.6 7.8 6.10 

200 1.5 6.0 6.35 

200 0.0 - 6.48 



 

 

 
Wylfa Newydd

Main Site Wave Modelling

DEM7943-RT004-R04-00 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

1000 4.2 10.2 4.64 

1000 4.2 10.1 4.88 

1000 4.1 10.1 5.12 

1000 4.1 10.0 5.37 

1000 3.9 9.8 5.61 

1000 3.6 9.3 5.85 

1000 2.9 8.4 6.10 

1000 2.1 7.1 6.35 

1000 1.0 4.9 6.60 

1000 0.0 - 6.62 

Source: ARTEMIS modelling and HR Wallingford analysis 
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Table F.9: Sea conditions, MOLF Berth 1 (A1), fully-built, “2087 credible maximum” scenario 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

5 3.4 8.9 4.02 

5 3.4 8.8 4.42 

5 3.2 8.6 4.83 

5 3.0 8.3 5.23 

5 2.7 7.9 5.64 

5 2.1 7.0 6.03 

5 0.8 4.3 6.28 

5 0.0 - 6.29 

25 3.9 9.6 4.02 

25 3.9 9.5 4.42 

25 3.8 9.4 4.83 

25 3.5 9.1 5.23 

25 3.2 8.6 5.64 

25 2.3 7.3 6.13 

25 1.8 6.5 6.28 

25 0.0 - 6.45 

75 4.1 9.9 4.02 

75 4.1 9.8 4.42 

75 4.0 9.7 4.83 

75 3.9 9.5 5.23 

75 3.6 9.2 5.64 

75 3.1 8.4 6.03 

75 2.3 7.2 6.28 

75 1.1 4.9 6.53 

75 0.0 - 6.57 

200 4.2 10.0 4.02 

200 4.2 10.0 4.42 

200 4.2 9.9 4.83 

200 4.1 9.8 5.23 

200 3.8 9.5 5.64 

200 3.4 8.8 6.03 

200 2.7 7.8 6.28 

200 1.6 6.1 6.53 

200 0.0 - 6.66 
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Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

1000 4.4 10.1 4.02 

1000 4.4 10.1 4.42 

1000 4.3 10.1 4.83 

1000 4.3 10.0 5.23 

1000 4.1 9.8 5.64 

1000 3.7 9.1 6.03 

1000 3.1 8.1 6.28 

1000 2.2 7.0 6.53 

1000 1.0 4.9 6.78 

1000 0.0 - 6.80 

Source: ARTEMIS modelling and HR Wallingford analysis 
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Table F.10: Sea conditions, MOLF Berth 2 (A2), fully-built, “2087 credible maximum” scenario 

Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

5 3.3 8.8 4.02 

5 3.2 8.7 4.42 

5 3.1 8.6 4.83 

5 2.8 8.2 5.23 

5 2.4 7.7 5.64 

5 2.0 6.8 6.03 

5 0.8 4.2 6.28 

5 0.0 - 6.29 

25 3.7 9.5 4.02 

25 3.6 9.5 4.42 

25 3.5 9.3 4.83 

25 3.3 9.0 5.23 

25 3.0 8.5 5.64 

25 2.1 7.1 6.13 

25 1.7 6.3 6.28 

25 0.0 - 6.45 

75 3.9 9.9 4.02 

75 3.9 9.8 4.42 

75 3.8 9.7 4.83 

75 3.7 9.5 5.23 

75 3.4 9.1 5.64 

75 2.9 8.3 6.03 

75 2.1 7.1 6.28 

75 1.0 4.8 6.53 

75 0.0 - 6.57 

200 4.1 10.0 4.02 

200 4.1 10.0 4.42 

200 4.0 9.9 4.83 

200 3.9 9.8 5.23 

200 3.8 9.5 5.64 

200 3.2 8.8 6.03 

200 2.5 7.7 6.28 

200 1.5 6.0 6.53 

200 0.0 - 6.66 
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Return Period (years) Hs (m) 
Tm-10 (s) 

mean 

Sea level 

(mOD) 

1000 4.2 10.2 4.02 

1000 4.2 10.1 4.42 

1000 4.2 10.1 4.83 

1000 4.1 10.0 5.23 

1000 3.9 9.8 5.64 

1000 3.6 9.1 6.03 

1000 2.9 8.1 6.28 

1000 2.1 7.0 6.53 

1000 1.0 4.9 6.78 

1000 0.0 - 6.80 

Source: ARTEMIS modelling and HR Wallingford analysis 
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