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Executive Summary 
The South West of England Regional Development Agency (SWRDA) is 
undertaking the technical development of the Wave Hub which is an underwater 
offshore plug-in facility to enable wave energy converter device developers to 
connect their devices to the National Grid for pre-commercial testing. 
 
This report considers the impact of the Wave Hub sub-sea facilities (cable 
termination and distribution unit, transformers and connection points), 
interconnecting cables, onshore cable and alternative wave energy converter 
(WEC) device layouts on coastal processes (wave climate, tidal streams and 
currents and sediment regime) and geomorphological processes.  
 
Two alternative WEC device layouts have been considered: 

 WEC device layout no.1 included four west-facing Wave Dragons;  
 WEC device layout no.2 comprised one Wave Dragon, two Fred Olsen 

FO3; thirty Power Buoy PB150 and six Pelamis. 

To provide baseline conditions, latest available data has been presented on; water 
levels (typical and extreme); offshore wave conditions (including desktop review of 
available data, recorded wave data between 30 Jan 2005 and 12 April 2006, Met 
Office wave model data, joint probability and extremes analysis); tidal streams and 
currents; and sediment regimes in the offshore, transitional and nearshore zones. 

Typical Water Levels Water Level (mODN) 

Mean Low Water Spring (MLWS) -2.6  
Mean High Water Spring (MHWS) +3.2 
Extreme Water Levels  
1 in 2 year return period +3.6 
1 in 50 year return period +3.7 
1 in 100 year return period +3.8 
Figures above exclude sea level rise = 5mm/yr (Defra, 2004) 
and exclude surge 1 in 50 yr return period surge at St Ives = 1.0m (Pugh, 1987) 
(mODN) metres above Ordnance Datum Newlyn 
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Typical Offshore Wave Conditions Hs (m) T (s) 

Typical “small” surf wave conditions 
(38% prob of occurrence between 1 May and 31 Aug,  
45 days/ 122 days. 28% prob. of occurrence throughout 
the year 100 days/ 365 days) 

1.0 7.0 

Mean wave climate 1.6 5.4 
“Big” surf wave conditions 
(0.3% prob of occurrence, approx 1 day per year) 

4.0 16.0 

Extreme Offshore Wave Conditions (all directions) 

1 in 1 year return period 10.4 12.1 
1 in 50 year return period 13.8 13.9 
1 in 100 year return period 14.4 14.1 
 
Typical Tidal Current (typically parallel to the coast) 1.0m/s to 1.2m/s 
Extreme Tidal Current: 1 in 50 year return period 
surface current 

1.6m/s 

 

Sediments in the offshore and transition zone (60mCD to 10mCD) are comprised 
of patchy and thin, typically less than 1m, layers of sands and gravels which overlie 
mudstone/ shale bedrock and which become increasingly intermittent towards the 
offshore zone (40mCD). Since no major features have been observed it is 
speculated that little change has occurred on the seabed over the last 100 years. 
Due to the depth of water sediment movement is limited except during storm 
conditions. 

St Ives Bay is believed to be a sediment sink. However since sediment inputs from 
the River Hayle and from offshore are limited the system can be considered as a 
‘closed’ sediment system. The beaches are comprised mainly of sand.  The beach 
profile demonstrates typical seasonal changes with lowering of beach levels and the 
creation of an inter-tidal bar during winter. Limited beach profile data is available, 
but it has been suggested that beach levels can reduce by up to 1.8m (6ft) following 
storms. The plan shape of the beach suggests longshore drift in the estuary mouth 
from both the west and east. The dunes to the west of the proposed cable landfall 
are eroding and this could potentially extend eastwards in future. Rapid accretion 
occurs in the channel at the mouth of the estuary, which was previously dredged 
and sluiced to maintain a shipping channel. The alignment of the channel appears 
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to be stable. Development proposals are currently being considered to redevelop 
the harbour into a marina and possibly to re-establish sluicing of the channel. 

The Wave Hub sub-sea facilities and cables will have minor to negligible impacts 
on local sediments, with the main impacts occurring during installation. 

WEC device layouts considered will result in up to a 5% reduction in wave heights 
at the coast during a 1 in 1 year return period storm (based on spectral wave 
modelling which considers a typical sea state which is comprised of many different 
waves approaching from different directions) and up to a 13% reduction in the 
height of typical surfing waves at the coast (based on monochromatic wave 
modelling which considers the impact of a single wave approaching from a single 
direction, to simulate a long period swell wave approaching from the North 
Atlantic). 

WEC device layouts considered will lead to a change in tidal currents of up to        
-0.8m/s to +0.6m/s within a 15km x 15km area surrounding the WEC 
deployment area, which does not extend to the coast.  

WEC device layouts considered will not have a discernable impact on sediment 
transport and beach levels along the north Cornish coast, change of less than 0.2m 
in beach levels during extreme events, which is minimal when compared to the 
current typical seasonal changes to the beach which can reduce levels by up to 
1.8m following a storm. 
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1 Introduction 

The South West of England Regional Development Agency (SWRDA) is 
undertaking the technical development of the Wave Hub which is an underwater 
offshore plug-in facility, see Figures 1.1 and 1.2, to enable wave energy converter 
device developers to connect their devices to the National Grid for pre-
commercial testing. A 24kV cable will run from the Wave Hub to a new sub-
station located on the north Cornish coast at Hayle, see Figure 1.3. It is proposed 
that the offshore section of the cable will be laid on the seabed, whilst the section 
within St Ives Bay will be buried beneath the sand. 

 
Figure 1.1: Artist’s Impression of the Wave Hub  

To determine site conditions, technical feasibility and economical design, a series 
of investigations have been conducted.  This report addresses the coastal processes 
study which includes: a review of existing offshore and coastal conditions and the 
potential impact of the Wave Hub on offshore, coastal and geomorphological 
processes. 
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Figure 1.2: Overall Scheme Proposal 
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Figure 1.3: Proposed Onshore Site Layout 
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The impacts of two alternative arrays of wave energy converter (WEC) devices 
based at the Wave Hub were considered: 

• Four west-facing Wave Dragons aligned perpendicular to the 
predominant westerly wave direction, see Plate 1.1 and Figure 1.4.  

• An array of various devices which may be deployed at the Wave Hub, 
based on the recent submission to DTI.  This array is comprised of one 
Wave Dragon; two Fred Olsen FO3; thirty Power Buoy PB150 and six 
Pelamis, see Plate 1.1 and Figure 1.5. 

 
Plate 1.1: WEC Devices  
(top to bottom: Wave Dragon, FO3, Pelamis and PowerBuoy PB150) 
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Wave Dragon is a floating, slack moored overtopping device. Two wave reflector 
arms focus waves towards a ramp. Behind the ramp is a large reservoir where the 
water that runs up the ramp is collected and temporarily stored, the water leaves 
the reservoir through a series of low-head turbines which utilise the head between 
the level of the reservoir and sea level. The potential energy in the stored water is 
in this way converted into power (www.wavedragon.net). 

Fred Olsen FO3 is a floating semi-submersible platform onto which several point 
absorbers are mounted on vertical hydraulic cylinders. The vertical movements of 
the point absorbers are transformed to hydraulic pressure which is utilised to drive 
generators (no company web-site is provided, further information from 
ToreGulli@fredolsen.no). 

PowerBuoy has been developed by Ocean Power Technologies. The WEC device 
is submerged more than metre below the water’s surface. Inside a piston-like 
structure moves as the PowerBuoy rises and falls with the waves. The movement 
drives a generator (www.oceanpowertechnologies.com). 

Pelamis is named after a sea-snake and has been developed by Ocean Power 
Delivery Ltd. The device is a semi-submerged, articulated structure composed of 
cylindrical sections linked by hinged joints. The wave induced motion of the joints 
is resisted by hydraulic rams which pump high pressure fluid through hydraulic 
motors which drive generators to produce electricity (www.oceanpd.com). 
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SW Wave Hub - Coastal Processes Study
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Figure 1.4: WEC Device Array Layout No.1 – 4 nr. Wave Dragons (west-facing) 

 
Figure 1.4a: Location Plan 
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Figure 1.5: WEC Device Array Layout No.2 – Various Devices 
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2 Water Levels  

Typical and extreme water levels at the proposed deployment site are provided in 
the Tables 2.1 and 2.2 below. 

Tidal State Water Level  
(mODN) 

Mean High Water Spring (MHWS) +3.2 
Mean High Water Neap (MHWN) +1.5 
Mean Low Water Neap (MLWN) -1.0 
Mean Low Water Spring (MLWS) -2.6  
(mODN) metres above Ordnance Datum Newlyn 

Table 2.1: Typical Tide Levels at St Ives 

Return period  
(years) 

Water Level  
(mODN) 

1 in 2 3.55 

1 in 5 3.63 

1 in 10 3.66 

1 in 20 3.69 

1 in 50 3.72 

1 in 100 3.75 

1 in 200 3.76 

Notes:  
1. Figures above exclude surge or long term sea level rise 
2. (mODN) metres above Ordnance Datum Newlyn 

Table 2.2: Extreme Tide Levels at St Ives 

The 50 year return period predicted storm surge at St Ives is 1.0m (Pugh, 1987). 

The recommended rate of sea level rise for SW England is 5mm/yr (Defra/ EA, 
2004). 
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3 Offshore Wave Conditions 

3.1 Desktop Review of Existing Data 
The annual mean wave power at the Wave Hub has been estimated as between 
21kW/m and 25kW/m (DTI, 2004 and SWRDA, 2004), see Figure 3.1, which is 
understood to be a reasonable wave climate for WECs. Further details of the desk 
top review of existing data is provided in the Wave Hub Technical Feasibility 
Study (Halcrow, 2005). 

 
Figure 3.1: UK Annual Mean Wave Power (DTI, 2004) 



 

Issue:1 Rev:1 June 2006  10 
Wave Hub Coastal Processes Study Report 

3.2 Recorded Wave Data 
A wave buoy was deployed close to the proposed location of the Wave Hub 
(Offshore point, 50º21'30'' N, 5º40'0'' W, depth 52m Chart Datum) between 30 Jan 
2005 and 10 April 2006, see Plate 3.1. The recorded wave data, see Figure 3.2, was 
compared against coincident data from the Met Office Wave Model UK waters 
grid point U04 which is close to the location of the wave buoy, see Figure 3.3. 
 
A summary of wave data and spectral wave data has been provided in Appendix A. 

 
Plate 3.1: Wave Buoy 

Wave Measurement off North Cornwall
30 Jan 2005 to 10 April 2006
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Figure 3.2: Summary Plot of Recorded Wave Data (30 Jan 2005 to 10 April 2006) 
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Figure 3.3:   Admiralty Chart Extract  
E04 – Met Office European waters wave model grid point  
U03/ U04 – Met Office UK inshore wave model grid points  
Offshore point – Wave buoy deployment location  

Wave Hub site 
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3.3 Meteorological Office (Met Office) Wave Model Data 

For many years the Met Office has run second-generation global and regional wave 
models to provide forecasts of sea state, supporting a range of user applications. 
The sea state at any point may be thought of as the sum of many individual waves, 
each of a particular direction and frequency. This can be represented as the wave 
energy spectrum, where the wave energy in each frequency and each direction is 
known. The Met Office wave model divides the wave energy spectrum at each grid 
point into 13 frequency components and 16 direction components. The lowest 
model frequency is at 0.04 Hz (25 seconds period or 975 m wavelength), and the 
highest frequency resolved by the model is 0.324 Hz (three seconds period or 15 m 
wavelength). The effect of waves at higher frequencies is included in the 
calculation of source terms.  

The wave models account for growth of waves due to wind input, dissipation of 
energy by breaking waves, and transfer of energy between spectral components by 
non-linear interactions. Wave energy is advected from one grid point to the next at 
the group velocity. The wave models are run using hourly surface winds from our 
global and mesoscale numerical weather prediction (NWP) models and there are 
three operational wave model configurations, with different areas and resolutions, 
currently in use (global, European and for UK waters). All the models include 
shallow-water physics, namely bottom friction, refraction and shoaling. The UK 
waters model additionally includes the effects of time-varying currents on the 
waves. The global wave model assimilates wave height data from the radar 
altimeter on the ERS-2 satellite.  

The UK waters wave model covers the north-west European continental shelf 
from 12°W, between 48°N and 63°N at a resolution of 1/9° longitude by 1/6° 
latitude (approximately 12 km). The UK waters model has a much better 
resolution of the coastline than the European wave model, and includes the effect 
of time-varying currents on the waves, using currents forecast by the operational 
storm-surge model. The model was introduced into the operational suite on 28 
March 2000 and runs four times daily from 00, 06, 12 and 18 UTC, taking hourly 
surface winds from mesoscale NWP to give a 48-hour forecast.  

Waves in the tidal waters around the UK can be a combination of locally generated 
wind waves and remotely generated swell, both can be modified by tidal or storm-
surge currents which affect both wave height and wave period.  
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The maximum amount of data which is currently available, 17 years of data, was 
obtained from the Met Office wave model grid points E04 and U04. The data was 
analysed to provide: offshore wave rose, time-series plots of typical resultant and 
swell wave heights and periods, extreme wave conditions and joint probability 
analysis scatter plots, see Figures 3.4 to 3.8 and Tables 3.1 to 3.5. 

 
Figure 3.4: Offshore wave rose (Met Office wave data) 
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Figure 3.5: Variation in Resultant Wave Height over 10 years  
(Met Office wave data) 

 

Figure 3.6: Variation in Resultant Wave Period over 10 years  
(Met Office wave data) 
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Figure 3.7: Variation in Swell Wave Height and Period over 10 years (Met 
Office wave data)  

  

Figure 3.8: Seasonal Variation in Swell Wave Height and Period over One 
Year – Nov 2004 to Oct 2005 (Met Office wave data) 
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Table 3.1: Joint probability scatter plot (wave ht vs wave period)  
All year – offshore resultant waves 

 



 

Issue:1 Rev:1 June 2006  17 
Wave Hub Coastal Processes Study Report 

 

 

Table 3.2: Joint probability scatter plot (wave period vs direction)  
All year – offshore resultant waves 
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Table 3.3: Joint probability scatter plot (wave ht vs wave period)  
All year – offshore swell waves 

Table 3.4: Joint probability scatter plot (wave ht vs wave period)  
Summer (1 May until 31 August) – offshore swell waves  
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Table 3.5: Extreme Wave Conditions 

 
Following joint probability analysis of the Met Office data and discussions with 
BSA (British Surfing Association) and SAS (Surfers Against Sewage) the following 
offshore wave conditions were defined and used to assess the impact of the SW 
Wave Hub on wave conditions at the shore: 
 
1. Hs=1m, T=7s has an average probability of occurrence of 38% in a particular 
summer. 45 days/122 days, assumed between 1 May and 31 Aug. The average 
probability of occurrence of wave conditions in two wide envelopes of data: 
Hs=1m to 1.5m and T=6s to 10s and Hs=0.5m to 1m, T=6s to 10s have been 
considered. Similar assumptions have been made below. Lower wave heights have 
been considered to take account of breaking wave heights at the shore which have 
the potential to be up to 50% greater than offshore wave heights. 
2. Hs=2m, T=10s has an average probability of occurrence of 8% in a particular 
summer (10 days/ 122 days) or a 13% probability of occurrence in any particular 
year (48 days per year). 
3. Hs=3m, T=12s has an average probability of occurrence of 3% in any 
particular year (13 days per yr). 
4. Hs=4m, T=14s has an average probability of occurrence of approx 1% in any 
particular year (approx 3 days per yr). 
5. Hs=4m, T=16s has an average probability of occurrence of 0.3% in any 
particular year (approximately 1 day per yr). 
 
Although long period swells have been recorded by the wave buoy the largest wave 
height and period combination is Hs=0.5m, T=15s which has a probability of 
occurrence of 1.3% in any particular year (5 days per year). Conditions with greater 
wave periods and wave heights are either: quite extreme (probability of occurrence 
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in any one year of 0.03%, 0.1 days per year); or have low wave heights, less than 
0.5m. 
 
Therefore the above five wave conditions provide a reasonable summary of the 
existing wave climate and were used in the wave model to assess the impacts of the 
Wave Hub on offshore and inshore/ surfing waves.  
 



 

Issue:1 Rev:1 June 2006  21 
Wave Hub Coastal Processes Study Report 

3.4 Wave Power 
The wave power at sites closest to Wave Hub site are as follows, see Figures 3.3 
(location plan) and Figures 3.9, 3.10 and 3.11 below: 

Annual average wave power at E04 between 1989 and 1989 was 29.9kW/m  
(cf 30.5kW/m, based on analysis of data between 1991 and 2003 (SWRDA, 2004))  

Annual average wave power at U04 between 2001 and 2005 was 19.6kW/m  
(cf 21.8kW/m, based on analysis of data between 2000 and 2003 (SWRDA, 2004)) 

The comparison between Met Office wave model data and recorded wave data 
during 2005 shows that there is good agreement between the two sets of data, 
although recorded wave data provides slightly less power than the Met Office wave 
model data, see Figure 3.11. 

SW Wave Hub
Met Office wave model data, E04 
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Figure 3.9: Annual mean wave power at Met Office wave model point E04 
(1989 to 1999)  
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SW Wave Hub
Met Office wave model data, U04 
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Figure 3.10: Annual mean wave power at Met Office wave model point U04 
(2000 to 2005) 
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Comparison of Met Office wave model and recorded wave data 
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Figure 3.11: Seasonal variation in wave power 2005 (Met Office wave model 
data point U04 compared to recorded wave data) 
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4 Impacts of Wave Hub on Wave Climate 

4.1 Wave Modelling by Others 
4.1.1 Exeter University  

Exeter University has undertaken SWAN modelling work which assumes 100% 
wave absorption over a 10km2 array of WEC devices sited near to the proposed 
Wave Hub site for a single spectral wave climate (Hs=3.1m, T=7.8s, JONSWAP 
spectrum from 66 deg), which results in a 11% decrease in wave height at the 
shoreline, see Figure 4.1. 
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Figure 4.1: Results from Exeter University (Dean Millar) modelling work 
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4.1.2 Heriot Watt Surf Modelling Study 
A surf modelling study is currently being carried out by Heriot Watt University. 
Professor Julian Wolfram of the university's School of the Built Environment is 
involved in research with people in south-west England who fear that capturing 
the power of the waves for electricity might jeopardise surfing tourism: “They 
want big waves and are concerned that wave energy farms will pinch all the big 
waves at their surfing beaches.” Author: Heriot Watt Press and Public Relations 
Office, Date Published: 21 December 2004  

No further information is currently available 
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4.2 Halcrow MWAVE Regional Wave Model 
In order to predict wave heights in the nearshore coastal zone it is necessary to 
consider the shallow water wave effects of wave refraction, diffraction and 
breaking as waves are transformed from offshore to inshore.  

Wave transformation models have undergone rapid development during the past 
decade. Early models were generally based on wave ray techniques, which could 
only account for wave refraction processes. Halcrow have maintained their 
position at the forefront of this technology and have developed some of the most 
advanced models available today. Halcrow's regional wave model MWAVE is 
based on the so-called evolution solution of the mild slope wave equation for a 
regular bathymetry grid. Due to its clever solution and its ability to operate on a 
grid size that can be of the same order of magnitude as the wavelength, it is at least 
an order of magnitude faster than other mild slope equation solutions and this 
enables much larger areas to be modelled. It also takes into account the combined 
shallow water effects of wave breaking, refraction and diffraction. It has been 
proven against measured prototype wave data, other mathematical models, and 
published results of accurate wave basin experiments (Li, 1994). A post-processing 
module was used to consider wave spectra using the method of Goda, which 
essentially sums all of the components of the spectrum for a given spectral 
definition. 

MWAVE was applied to investigate wave climate in the vicinity of proposed 
project and on waves along the Cornish coast. MWAV_REG was used to 
transform wave climates from offshore to inshore. Results from MWAV_REG 
were used to evaluate the impact of proposed project on the larger area, and were 
also used in further sediment modelling. MWAV_LOC was applied to evaluate 
wave climate near the project area. Various wave deformations including wave 
diffraction and reflection were simulated using MWAV_LOC. MWAVE_LOC 
requires fine grid spacing such that there are typically 8 nodes per wavelength. 

To simulate wave transmission through the floating WEC devices a practical guide 
for design and construction of the floating structures (PIANC 1994) was applied 
to estimate wave transmission factor. According to the guide, the transmission 
coefficient for Wave Dragon is 0.68. The other wave energy devices are very 
different from the Wave Dragon. For devices of Power Buoy and Fred Olsen, it is 
reasonable to assume that the transmitted waves are very low immediately after the 
solid structures. Thus the transmission coefficients for both Power Buoy and Fred 
Olsen are taken as 0. On the other hand, the waves propagate along the Pelamis 
for 150m. The transmitted waves immediately after the Pelamis should be low as 
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well. Therefore it was reasonable to assume that the wave transmission coefficient 
for Pelamis is 0. 

Model bathymetry was constructed from the Admiralty Chart (No. 1149 & 
No.1178). The final bathymetry and model area are shown in Figure 4.2. This 
bathy has been used in MWAVE and FLOW3D models. The grid spacing used 
was 100m and the model area was about 78km x 45km.  

For the local wave model MWAVE_LOC a smaller grid (800x600 grid points) and 
5m grid spacing was used. 

The transmission coefficients used in the larger wave model were obtained from 
the local wave modelling results. 

For the 1 in 1 year return period storm simulated in this study, seven wave 
directions from south-west to north-west representing the most frequent wave 
directions (see Figure 3.4 for offshore wave rose), have been tested.  

SW Wave Hub - Coastal Processes Study
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Figure 4.2: Model Bathymetry 
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Although a range of wave conditions occur at the site a summary of the “snap-
shot” representative wave conditions, which were used during modelling to define 
typical and extreme wave conditions at the site, has been provided in Table 4.1.  

Hs 
(m) 

T (s) Description Probability of occurrence 

1 7 “Small” surf 
wave conditions 

Average probability of occurrence of 38% 
in a particular summer (1 May until 31 
August). 45 days/122 days. 
Average probability of occurrence of 28% 
in any particular year. 100 days/365 days. 

1.6 5.4  Mean wave conditions over the whole 
year 

2 10  Average probability of occurrence of 8% 
in a particular summer. 10 days/ 122 days 
Average probability of occurrence of 13% 
in any particular year. 48 days per year. 

3 12  Average probability of occurrence of 3% 
in any particular year. 13 days per year. 

4 14  Average probability of occurrence of 
approx 1% in any particular year. Approx 
3 days per year. 

4 16 “Big” surf wave 
conditions 

Average probability of occurrence of 0.3% 
in any particular year. Approximately 1 
day per year. 

10 12  1 in 1 year return period wave conditions 
Table 4.1: Wave scenarios considered during modelling 
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4.3 WEC Device Array Layout No.1 – 4nr. Wave Dragons 
Spectral wave modelling results consider a typical sea state which is comprised of 
many different waves approaching from many different directions. 

SW Wave Hub - Coastal Processes Study
Spectral Wave Model Result
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Figure 4.3: WEC Device Layout No.1: 4 nr. Wave Dragons (west-facing) 
Spectral wave modelling results: Hs=10m, T=12s 
1 in 1 year return period wave conditions 
(up to 5% reduction in wave heights at the shore) 

 
Figure 4.3a: Location Plan 
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Wave modelling was undertaken using monochromatic waves to demonstrate the 
impact of WEC devices on surfing waves at the coast, since surfers are primarily 
concerned with long period swell waves. Monochromatic wave modelling results 
are as follows: 

SW Wave Hub - Coastal Processes Study
Wave Model Result
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Figure 4.4: WEC Device Layout No.1: 4 nr. Wave Dragons (west-facing) 
Impacts of monochromatic typical “small” surf wave conditions  
(Hs=1m, T=7s, Dir=270deg) (up to 11% redn. in wave height at shore) 
 

SW Wave Hub - Coastal Processes Study
Wave Model Result

 

 

Change of 
Wave height

(%)

Change of Wave Height 
Hs =1.6m, T=5.4s, Dir=270degApplication of MWAVE Model

km
0

1

3

5

7

9

11

13

20

0 10 20

4 Wave Dragons
 

Figure 4.5: WEC Device Layout No.1: 4 nr. Wave Dragons (west-facing) 
Impacts of monochromatic mean wave conditions  
(Hs=1.6m, T=5.4s, Dir=270deg) (up to 13% redn. in wave height at shore) 
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SW Wave Hub - Coastal Processes Study
Wave Model Result
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SW Wave Hub - Coastal Processes Study
Wave Model Result
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SW Wave Hub - Coastal Processes Study
Wave Model Result
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Figure 4.6:  WEC Layout No.1: 4 nr. Wave Dragons (west-facing)  
Comparison of impacts of various monochromatic wave conditions to simulate alternative swell (surfing) wave conditions (Hs=2m to 4m, T=4s to 16s) 
(up to 13% reduction in swell wave height at the shore, shorter period waves, larger %age reduction, also demonstrates refraction of longer period 
waves) 

 

SW Wave Hub - Coastal Processes Study
Wave Model Result
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SW Wave Hub - Coastal Processes Study
Wave Model Result
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Figure 4.7:  WEC Layout No.1: 4 nr. Wave Dragons (west-facing)  
Comparison of impact of different tide levels (MHWS and MLWS – left and right respectively) on monochromatic wave conditions 
Hs= 2m, T=4s (up to 13% localised reduction in swell wave height at the shore for all options) 
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Figure 4.8: WEC Layout No.1: 4 nr. Wave Dragons (west-facing) 
3D plots of wave modelling results 
Demonstrates that WEC have greatest impact on shorter period waves, large WECs, such 
as Wave Dragon, tend to ‘ride’ longer period waves, much like a large ship 

WEC Device Layout No.1 (4nr. Wave Dragons) will result in up to 5% reduction in wave heights 
at the coast during a 1 in 1 year return period storm, based on spectral wave modelling results 
which consider a typical sea state comprised of many different waves approaching from many 
different directions. 

WEC Device Layout No.1 (4 nr. Wave Dragons), during typical “small” and “big” surf wave 
conditions - see Table 4.1, will result in a reduction in swell wave heights at the coast of up to 
13%, based on monochromatic wave modelling results which consider the impact of a single 
wave condition approaching from a single direction to simulate a long period swell wave (surfing 
wave) approaching from the North Atlantic. 

SW Wave Hub - Coastal Processes Study
Wave Model Result

3D Wave Pattern near Proposed Wave Dragons
Hs=4.0m, T=16.0s, Direction =270degreeApplication of MWAVE Model

SW Wave Hub - Coastal Processes Study
Wave Model Result

3D Wave Pattern near Proposed Wave Dragons
Hs=2m, T=4s, Direction =270degreeApplication of MWAVE Model
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4.4 WEC Device Layout No.2 – Various Devices 
Spectral wave modelling results consider a typical sea state which is comprised of many different 
waves approaching from many different directions. 

SW Wave Hub - Coastal Processes Study
Spectral Wave Model Result
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Figure 4.9: WEC Device Layout No.2  
Spectral wave model results: Hs=10m, T=12s 
1 in 1 year return period wave conditions 
(up to 3% reduction in wave heights at the shore) 
 

 
Figure 4.9a: Location Plan 
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Wave modelling was undertaken using monochromatic waves to demonstrate the impact of WEC 
devices on surfing waves at the coast, since surfers are primarily concerned with long period swell 
waves. Monochromatic wave modelling results are as follows: 

SW Wave Hub - Coastal Processes Study
Wave Model Result
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Figure 4.10: WEC Device Layout No.2  
Impacts of monochromatic typical “small” surf wave conditions  
(Hs=1m, T=7s, Dir=270deg) (up to 5% reduction in swell wave height at the shore)  
 

SW Wave Hub - Coastal Processes Study
Wave Model Result
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Figure 4.11: WEC Device Layout No.2 
Impacts of monochromatic mean wave conditions  
(Hs=1.6m, T=5.4s, Dir=270deg) (up to 5% reduction in swell wave height at the shore) 
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SW Wave Hub - Coastal Processes Study
Wave Model Result
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SW Wave Hub - Coastal Processes Study
Wave Model Result
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SW Wave Hub - Coastal Processes Study
Wave Model Result
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Figure 4.12: WEC Device Layout No.2 
Comparison of impacts of various monochromatic wave conditions – to simulate alternative swell (surfing) wave conditions  
(Hs=2m to 4m, T=4s to 16s) 
(up to 5% reduction in swell wave height at the shore, shorter period waves, larger %age reduction, also demonstrates refraction of longer period 
waves) 

 

  

SW Wave Hub - Coastal Processes Study
Wave Model Result
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SW Wave Hub - Coastal Processes Study
Wave Model Result
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Figure 4.13: WEC Device Layout No.2 
Comparison of impact of different tide levels (MHWS and MLWS – left and right respectively) on monochromatic wave conditions 
Hs= 2m, T=4s (up to 7% localised reduction in swell wave height at the shore for all options)
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Figure 4.14: Impact of WEC Device Layout No.2 on waves 
3D plots of wave modelling results 
 
WEC Device Layout No.2 will result in up to 3% reduction in wave heights at the 
coast during a 1 in 1 year return period storm, based on spectral wave modelling 
results which consider a typical sea state comprised of many different waves 
approaching from many different directions. 

WEC Device Layout No.2 will result in up to 7% reduction in surfing wave 
heights at the coast, based on monochromatic wave modelling results which 
consider the impact of a single wave condition approaching from a single direction 
to simulate a long period swell wave (surfing wave) approaching from the North 
Atlantic. 



 

Issue:1 Rev:1 June 2006 37 
Wave Hub Coastal Processes Study Report 

5 Tidal Streams and Currents  

A distinction needs to be drawn between tidal streams, which are astronomical in 
origin, and currents, which are not dependent upon astronomic conditions and 
which, in the waters around the British Isles, are mainly of meteorological origin. 
Non-tidal currents are not included in the tidal stream prediction tables. With 
strong or prolonged winds these currents may nevertheless be considerable and 
they must be assessed separately.  

The Admiralty Pilot reports that tidal streams on the north coast of Cornwall run 
mainly parallel to the shore at a spring rate of 1 to 2 knots (0.5 to 1.0m/s), being 
stronger off Cape Cornwall, Hartland Point and other salient points, but weaker in 
the bays between. More detailed information is provided in the Tidal Stream Atlas 
of the Cornish Coast, produced by the Institute of Marine Studies at Plymouth 
University which was produced by simulating the tidal dynamics using a numerical 
model with a mesh size of 0.8 nautical miles (approximately 1.5km) which 
confirms a maximum tidal stream of 1m/s in the vicinity of the Wave Hub, see 
Figure 5.1. Refer to Appendix C for further details. 
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Figure 5.1: Tidal Stream Atlas  
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A summary of surface tidal currents recorded during the deployment of the wave 
buoy has been provided in Figure 5.2. Between 30 Jan 2005 and 8 November 2005 
the maximum recorded surface tidal current recorded was 1.2m/s. 

                                                                                            
 

Figure 5.2: Recorded Tidal Currents 

 
The estimated 1 in 50 year return period extreme total surface current is 
1.6m/s, which is based on a vector sum of all components co-linear with 
the downwind direction of the 1 in 50 year extreme wind, averaged from the 
surface to a depth of 10 metres (UK Department of Energy, 1983). 
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6 Impacts of Wave Hub on Tidal Streams 
and Currents 

6.1 FLOW3D 
Halcrow’s newly developed 3D model FLOW3D is a three-dimensional 
mathematical model for free surface flow based on the Reynolds-averaged Navier-
Stokes equations. This model is developed in a sigma co-ordinate system. The 
time-splitting method is used to separate advection and diffusion terms from the 
pressure terms in the governing equations. The pressure variable is further 
separated into hydrostatic and hydrodynamic pressures so that the computer 
rounding errors can be largely avoided. The resulting hydrodynamic pressure 
equation is solved by a multigrid method, while the hydrostatic pressure equations 
are solved very efficiently by an Alternating Direction Implicit (ADI) scheme. The 
convection terms are discretized by the Roe’s scheme of second-order accuracy. A 
staggered mesh is used. The model has been tested against available analytical 
solutions and experimental data. Good agreement has been achieved. 

FLOW3D was used to model the impact of WEC Device Layouts No.1 and No.2 
on tidal currents and sediment regime. 
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6.2 Model Bathymetry 
Model bathymetry was constructed from the Admiralty Chart (No. 1149 & 
No.1178) and was used in the FLOW3D models, see Figure 4.2. The grid spacing 
used was 100m and the model area is about 78km x 45km. 

SW Wave Hub - Coastal Processes Study
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Figure 6.1: Model bathymetry 
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6.3 Calibration 
Before any production modelling runs were undertaken, calibration tests were 
carried out. Tidal harmonic constituents were used to set up the model boundary 
conditions. 

Calibration was an important step in the development of the hydrodynamic model. 
With calibrated boundary conditions, the model then can correctly simulate 
realistic scenarios. In this study, there was measured flow data available at offshore 
point from 28/02/2005- 08/05/2005, but only a short period was used in 
calibration. This is from 03/02/2005 -14/02/2005, which include both spring and 
neap tide. Various boundary conditions were tested in order to provide good 
agreement between model and measured flow data. 

The only available data for the model boundary conditions were tidal constituents 
from tidal stations in the area. After a series of tests, boundary conditions based on 
tidal constituents from St Ives (50º13’N, 5º 28’W) and Padstow Bay (50º 33’N, 4º 
56’W) were used in the model, since they provide a reliable simulation of the real 
scenario. Figure 6.2 shows tidal level, and Figure 6.3 and 6.4 present the calibrated 
results (flow speed and phase). The graphs show that the flow speed matches well 
and tidal phase agrees very well, therefore the model based on this calibration can 
provide reliable results. 
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SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling

Figure Tidal Levels Simulated in DAWN ModelApplication of DAWN Model
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SW Wave Hub: Water levels of DAWN model

 
Figure 6.2: Water level of hydrodynamic model (offshore point) 

 
Figure 6.3: Calibration of flow speed 

 
Figure 6.4: Calibration of flow direction (tidal phase) 
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6.4 WEC Device Layout No.1 -  4 nr. Wave Dragons 
SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result
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Figure 6.5: Existing flood flow  

SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result

Flow speed
(m/s)

Existing flow pattern at ebb tideApplication of FLOW3D Model

km

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

 

 

0 10 20

 
Figure 6.6: Existing ebb flow  
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SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result
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Figure 6.7: WEC Layout No.1: 4 nr. Wave Dragons (west-facing)  
Impact on flood tidal flow  

SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result

Flow speed
(m/s)

Flow pattern at ebb tide
with proposed wave energy devicesApplication of FLOW3D Model

km

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

 

 

0 10 20

4 Wave Dragons
 

Figure 6.8: WEC Layout No.1: 4 nr. Wave Dragons (west-facing)  
Impact on ebb tidal flow  
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SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result
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Figure 6.9: WEC Layout No.1: 4 nr. Wave Dragons (west-facing)  
Change of flow speed at flood tide 

SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result
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Figure 6.10: WEC Layout No.1: 4 nr. Wave Dragons (west-facing)  
Change of flow speed change at ebb tide 

 
Figure 6.10a: Location Plan 
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The impact of WEC Device Array Layout No.1 (4 nr. west facing Wave Dragons, 
worst case scenario) on surface currents will be a change of up to -0.8m/s and 
+0.6m/s within a 15km x 15km area surrounding the WEC deployment area, see 
Figures 6.8 and 6.9, which does not extend to the coast. 
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6.5 WEC Device Layout No.2 – Various Devices 
 

SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result
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Figure 6.11: Existing flood flow 
 

SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result
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Figure 6.12: Existing ebb flow 
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SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result
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Figure 6.13: WEC Layout No.2: Various Devices 
Impact on flood tidal flow 
 

SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result
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Figure 6.14: WEC Layout No.2: Various Devices 
Impact on ebb tidal flow 
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SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result

Application of FLOW3D Model Change of flow pattern at flood tide
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Figure 6.15: WEC Layout No.2: Various Devices  
Change in flow speed at flood tide 
 
 

SW Wave Hub - Coastal Processes Study
Hydrodynamic Modelling Result

Application of FLOW3D Model Change of flow pattern at ebb tide

-1

-0.8

-0.6

-0.2

-0.05

0.05

0.2

0.4

0.6

0.8

Change of
Flow speed

(m/s)

0km 10km 20km

 
Figure 6.16: WEC Layout No.2: Various Devices  
Change in flow speed at ebb tide 

 
Figure 6.16a: Location Plan 
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The impact of WEC Device Array Layout No.2 (Various Devices) on surface 
currents will be a change of up to -0.8m/s to +0.6m/s within a 15km x 15km area 
surrounding the WEC deployment area, see Figures 6.14 and 6.15, which does not 
extend to the coast 
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7 Sediment Regime  

7.1 Offshore zone (40mCD to 60mCD) 
 

Figure 7.1: Regional Seabed Sediments (Source: Halcrow, 2005) 

Sediments in the offshore zone are thin (approx 1m depth) and patchy, 
predominantly medium to coarse grained sand and fine to coarse grained gravel. 
The predominant offshore sediments are gravelly sand and sandy gravel which 
overlie, in layers typically less than one metre thick, the mudstone/shale bedrock. 

It is speculated that very little change has occurred on the seabed over the past 100 
years since no major features, in response to construction/ destructive forces, have 
been recorded by BGS (1983, 1987); Poulton et al (2002); English Nature (2004) 
and Halcrow (2005). 

As water depth exceeds 40m the opportunity for sediment movement is 
unfavourable, but may occur during storm conditions. 
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7.2 Transitional Zone (10mCD to 40mCD) 
Sediments in the transitional zone were typically dense olive grey coloured sand 
and gravel as well as shelly-sandy gravel, which are typically 0.2m thick overlying 
the mudstone/ shale bedrock. The thin superficial sediment cover becomes 
increasingly intermittent towards the offshore zone, which suggests that there may 
be an exchange of sediment between the nearshore and the offshore zone. 

Transport in deep water is mainly related to currents as the influence of waves are 
limited to shallow depths ie. less than 10m. As water depth exceeds 10m and 
sediment on the seabed is limited and predominantly coarse the opportunity for 
sediment movement is unfavourable, but may occur during storm conditions. 

7.3 Nearshore Zone (less than 10mCD) 
St Ives Bay is believed to be a sediment sink supplied by the River Hayle and 
offshore sediments, see Figure 7.2. There are unlikely to be significant sediment 
inputs from the River Hayle since freshwater flows are generally small except 
during times of fluvial flooding, also the entrance channel has historically required 
dredging suggesting that this area is a sediment sink. There are no significant 
quantities of sand offshore, sediments are thin (approx 1m depth) and patchy, 
predominantly medium to coarse grained sand and fine to coarse grained gravel. 
Under contemporary conditions the offshore sediments are believed to be largely 
immobile. There is limited input or export of sediment to St Ives Bay which can be 
considered as a ‘closed’ sediment system. 

 
Figure 7.2: Overall Layout Map of St Ives Bay 
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The plan shape of the adjacent beaches suggests that longshore drift of beach sand 
appears to be occurring into the mouth of the estuary from Black Cliff and the 
beaches to the east and from Porth Kidney Sands to the west, see Figure 7.3. 

 
Figure 7.3: Detail map at mouth of Hayle Estuary 

The beaches are comprised of mainly sand, occasionally gravely sand with a typical 
depth 5m to 6m, up to 8m in places, see Figure 7.4. 
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Figure 7.4: Geophysical survey results along alignment of proposed cable route 
Red – dry loose sand (weak near surface material/ compact dry sediment) 
Yellow – wet sand (saturated unconsolidated sediment) 
Blue – competent bedrock 
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Wind-blown sand from the exposed foreshore feeds the dune systems on both 
sides of the estuary mouth. Reduction in the width of beach exposed at low tide 
will reduce the amount of sediment feeding the dunes. Wave action erodes the 
dunes and returns the sand to the beach during storms. Harvey’s Towans (dunes) 
to the east and immediately adjacent to the entrance channel appear to be eroding, 
exposing former areas of fill which were tipped in this area during the late 1940s 
and early 1950s, see Plates 7.1 and 7.4. This also occurred in 1983 (Babtie, 2002). It 
is important to note that the current line of the dunes at Harvey’s Towans is 
artificial and this may be contributing to their erosion, whilst adjacent dunes 
further to the east and to the west of the harbour entrance appear to be more 
stable. It is important that sand is allowed to pass from the beach to the dunes and 
vice versa to provide a sustainable system, see Figure 7.5 

 

Figure 7.5: Conditions necessary for dune growth/ development (Pethick, 
1984) 

The presence of the exposed former tipped material immediately adjacent to the 
harbour entrance, see Plate 7.8, may currently be preventing the transfer of sand 
between the dune and beach and may be resulting in lowering of the beach, whilst 
to the east a more natural beach and dune system is in place, see Plate 7.1. An area 
in front of the dunes along the proposed cable route was infilled in the late 1940s 
and early 1950s, see Plates 7.2 to 7.5, which advanced the line by some 130m 
between 1848 and 1946. Between 1946 and 1985 dune erosion led to 70m erosion, 
whilst the plan alignment of the dunes remained fairly stable between 1985 and 
1995, possibly as a result of dune management measures, which included 
restricting public access to the dunes by the fencing. 
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Plate 7.1: Looking towards Harvey’s Towans dunes and the mouth of the 
Hayle Estuary from offshore (Halcrow, 2005) 
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Plate 7.2: 1848 – Navigation chart 

 
Plate 7.3: May 1946 – aerial photograph 

 
Plate 7.4: July 1985 – aerial photograph 
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Plate 7.5: June 1996 – aerial photograph 

 
Plate 7.6: Looking towards the mouth of Hayle Estuary from Black Cliff  
(January 2006) 
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Plate 7.7: Looking towards the dunes along the proposed cable route, note 
erosion caused by use of beach access track (January 2006) 
 

 
Plate 7.8: Looking towards Harvey’s Towans dunes and Hayle Estuary 
mouth from the beach. Note rock revetment at the toe of the dunes in the 
distance and the exposed tipped material (January 2006) 
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Beach Profile N13
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The beach profiles demonstrate typical seasonal changes. Beach levels can reduce 
by up to 1.8m (6ft) following severe storms (anecdotal evidence), removing 
material from the beach to create an inter-tidal bar some distance offshore. During 
less severe wave conditions this material is returned to the beach from the inter-
tidal bar. Limited beach profile/ topographic information is available for this area, 
it is therefore not possible to confirm fluctuation in beach levels simply by analysis 
of historic profile data, see Figures 7.6 to 7.8. 

 
Figure 7.6: Beach Profile Alignments 

 

Figure 7.7: Beach profile N13, surveyed in Sept/ Oct 1998, along 
approximate alignment of proposed cable route  

N15

N13 

N11 
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Profile N11
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Figure 7.8: Fluctuation in beach levels on adjacent beach profiles N11 and 
N15 between 1998 (blue) and 2004 (green) 

Rapid accretion of sediment occurs in Hayle Harbour and approach channel. The 
entrance channel was dredged from the late 1700’s until the latter half of the 
1970s, primarily to maintain a navigable channel for shipping, although sand 
extract continued at the estuary mouth until July 2004. 20,000 tonnes to 30,000 
tonnes were dredged per annum between 1973 and 2001 and approximately 18,000 
tonnes between October 2001 and February 2002. The cessation of dredging alone 
will not in itself arrest the erosion of Hayle Beach or dunes (Babtie, 2002). 

Sand transport modelling (HR Wallingford) indicated infilling of the inner harbour 
and also that sluicing removes sand from the channel as far as the bar. Information 
provided by the harbour master indicated that whilst there are changes to the bed 
level at the entrance and the navigation channel migrates, the channel at the 
entrance to the estuary does not migrate (HR Wallingford). There are development 
plans to develop the harbour into a marina and possibly to re-establish sluicing of 
the entrance channel to ensure that it is navigable to vessels which will use the 
marina. Development details are unknown at present, however if sluicing of the 
channel is re-established this is likely to return sand to the beach. 

Further details are provided in Appendix D: Geomorphological Report. 
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8 Impacts of Wave Hub on Sediment 
Regime 

8.1 Sediment Modelling 
Using the same tidal condition, and bathymetric conditions representing existing 
and future conditions, the model was run for 48 hours with 1 in 1 year storm event 
wave condition. These model runs were carried out for sand sediment type. 
Sediment transport model results illustrate impacts on the general patterns of 
sedimentation which are shown as depths of erosion and accretion over a period 
of 48 hours. Contour maps are presented showing both the computed values for 
existing and future conditions. 

Results of sediment pattern for the existing case and WEC device layouts no.1 and 
no.2 are shown in Figures 8.1 to 8.4. The results with and without proposed WEC 
arrays are quite similar. The impact of WEC device layouts no.1 and no.2 are not 
significant and are limited to a small area, close to the wave devices. This is 
because: the flow pattern with or without WEC arrays are almost the same; and the 
proposed WEC device arrays have an impact on wave patterns but this does have a 
significant impact on sediment transport at the seabed, in water depth of more 
than 50m.  
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8.2 WEC Device Layout No.1 -  4 nr. Wave Dragons 
SW Wave Hub - Coastal Processes Study
Modelling of Sediment Transport
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Figure 8.1: Existing Sediment Transport Regime 

SW Wave Hub - Coastal Processes Study
Modelling of Sediment Transport
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Figure 8.2: Sediment Transport Regime with WEC Device Layout No.1 
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SW Wave Hub - Coastal Processes Study
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Figure 8.3: Sediment Transport Regime with WEC Device Layout No.1 

Difference Plot 

 
Figure 8.3a: Location Plan 
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8.3 WEC Device Layout No.2 – Various Devices 
SW Wave Hub - Coastal Processes Study
Modelling of Sediment Transport
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Figure 8.4: Existing Sediment Transport Regime 

SW Wave Hub - Coastal Processes Study
Modelling of Sediment Transport
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Figure 8.5: Sediment Transport Regime with WEC Device Layout No.2 
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SW Wave Hub - Coastal Processes Study
Sediment Transport Difference With and Without Wave Energy Devices
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Figure 8.6: Sediment Transport Regime with WEC Device Layout No.2 

Difference Plot 

 
Figure 8.6a: Location Plan 
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8.4 Impacts of the Wave Hub sub-sea facilities and cables 
8.4.1 Offshore/ Transitional Zone (40mCD to 10mCD) 

The Wave Hub project is likely to have a minor localised impact in the immediate 
vicinity of the sub-sea facilities (cable termination and distribution unit, 
transformers and connection points), connecting cables and the onshore cable 
route where it is laid on the seabed. These impacts can be summarised as follows: 

• Disturbance of seabed sediments during installation of the sub-sea 
facilities and cables; 

• Disruption of existing sediment movement due to the presence of the 
sub-sea facilities and cables. There is limited potential for this since little 
change has occurred on the seabed over the past 100 years; 

• Localised scour and potential burial of the sub-sea facilities and cables. 
Since offshore sediments typically occur in layers less than one metre 
thick this is unlikely to cause a significant problem. However sub-sea 
facilities should be founded on bedrock to prevent 
undermining/overturning and cables should be placed on bedrock on 
the seabed to prevent the creation of a free span following scour of 
sediment during storm conditions; 

• Movement of offshore sediments following storm conditions which 
may lead to localised burial of sub-sea facilities/ cables; 

• Abrasion of the mudstone/ shale on the seabed if sub-sea facilities and 
cables are not anchored sufficiently; 

• Sub-sea facilities and cables should be anchored or weighed down to 
prevent flow induced vibration which could lead to damage and/or 
severance; 

• Potential abrasion of cables where they pass over jagged outcrops of 
rock on the seabed; 

• Marine growth and associated impacts on sub-sea facilities and cables; 

• The sub-sea facilities and cables need to be protected against trawl 
board or anchor loading. 

Offshore cables will need to be weighted or anchored to prevent uplift and 
abrasion against exposed rock outcrops during storm conditions and will be buried 
in seabed sediments inshore of 20mCD. 

8.4.2 Nearshore Zone (less than 10mCD) 
For both WEC device layouts the resultant change to the wave climate and 
currents will not have a discernable effect on sediment transport and beach levels 
along the north Cornish coast, a change of less than 0.2m in beach levels during 
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extreme storm events. This change is minimal when compared to current typical 
seasonal and temporal changes to the level of the beach, which can reduce by up to 
1.8m (6ft) in places following severe storms, removing material from the upper 
beach to create an inter-tidal bar some distance offshore. During less severe wave 
conditions this material is returned to the beach from the inter-tidal bar. 

Limited disturbance of sediment in the nearshore zone would occur when burying 
the cable beneath the beach. A plough would be used to bury the cable across the 
beach, whilst drilling would be utilised to install the cable beneath the dunes. 
Impacts would be limited to: disturbance on the beach during installation (summer 
tourist season to be avoided if possible to minimise disruption); excavation of sand 
along cable route and possible deposition of gravel/ sand/ silt/ mudstone 
following burial of cable. Background levels of suspended sediment in the area are 
naturally high, therefore sediment plumes arising from the cable burial process are 
not likely to be significant. 

No long term impacts would result from cable burial, provided the cable is buried 
to a sufficient depth to prevent future exposure.  

The potential for further erosion of the beach must be considered and the 
suggested buried level for the cable in the nearshore zone is as follows: 

• Minimum burial level for cable = -2.0mODN (metres above Ordnance 
Datum Newlyn), which includes: 

 potential beach fluctuation during storms, 1.8m (based on 
anecdotal evidence since limited beach profile data is 
available at the site); 

 additional allowance for future beach lowering due to future 
sea level rise and an allowance for beach erosion during the 
height of storm, 1.0m; 

• Maximum burial level = -5.0mODN, just above competent bedrock 
(Ch 0m to Ch 300m), varies -5mODN to -20mODN (Ch 300m to Ch 
750m). 

The depth of burial will need to be continued 100m inshore beyond the existing 
toe of the dunes to allow for future erosion of the dunes, see Figure 8.7. 
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Beach Profile N13
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Figure 8.7: Proposed cable burial profile 

8.5 Onshore Zone 
There will be minimal impact on the sediment regime at the onshore sub-station or 
in the surrounding area, since the sub-station is already in place.  

8.6 Overall 
Overall a minor adverse to negligible effect is predicted for the Wave Hub. 
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1. INTRODUCTION

1.1 Background

Seawatch Mini Wave Buoys and Datawell Directional Waveriders have recorded wave measurements off
St. Ives, Cornwall in six time periods:

INSTRUMENT TYPE START DATE END DATE

Seawatch Mini 30 January 2005 23 February 2005

Seawatch Mini 26 February 2005 8 June 2005

Seawatch Mini 8 June 2005 5 October 2005

Seawatch Mini 5 October 2005 8 November 2005

Datawell DWR 11 December 2005 25 January 2006

Datawell DWR 25 January 2006 10 April 2006

The Seawatch Mini buoys recorded wave height and wave direction at 2-hourly intervals, each record
containing 1024 samples of Heave (H), position east (E) and position north (N) sampled at a rate of
1 Hertz.  East and north are defined according to True North.  The Datawell buoys recorded similar
datasets but at hourly intervals at 2Hz.

1.2 Raw Data Files

The raw data are listed in two sub folders, named SWM and DWR.  The Seawatch Mini data files are in
machine raw files (.PFF).  The Directional Waverider files are Datawell Mode 0 raw Binary format 

1.3 QC Time Series Data Files

The wave time series data are listed in two files, named CORNWALL_SWM_WAVES.txt, and
CORNWALL_DWR_WAVES.txt.  CORNWALL_SWM_CURRENTS.txt contains surface current data.  In
each data record there is first a time stamp followed by the parameters.  The <tab> character separates
the fields within a record.

1.4 Parameter Data Files

Computed wave parameters are listed in two files:

Swm_cornwall_zeroup_par.txt containing parameters computed from the zero-upcrossing analysis.
Swm_cornwall_nep_dir_par.txt containing parameters computed from the directional spectrum.

These are tab-separated ASCII files suitable for import to Excel.  The file header gives a description of
the parameters in each field of data records.  The records contain the recorded data and the time stamp
at the beginning of the recorded time series, followed by the parameters listed in Fortran’s E13.5 format.
Parameter Definitions are listed in the tables below.
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 TIME DOMAIN
 H  Individual wave height (not presented)

 Hs  Average of the third highest waves

 Hmax  Height of highest wave

 Hmean  Average height of individual waves

 HS1max  Height of steepest wave

 T  Individual wave period (not presented)

 Ts  Average period of the one third highest waves

 Tz  Average period of individual waves

 THmax  Period of the highest wave

 S1  Steepness of individual wave: S1 = H/(1.56T2) (not presented)

 S1mean  Average wave steepness

 S1max  Steepness of steepest wave

 SIGS1  Standard deviation of individual steepness

 S1Hmax  Steepness of highest wave

 S2  Steepness based on Hs and Tz: S2 = Hs/(1.56Tz2)

 S3  Steepness based on Hs and Ts: S3 = Hs/(1.56Ts2)

 NZ  Number of waves in the time series

Table 1.1a Heave Parameter Definitions from Zero-Crossing Analysis
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FREQUENCY DOMAIN
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m-2 Moments of the spectrum about the origin: ∫

=

=
Hz

Hzf

k
k S(f)dffm

5.0

04.0

where S(f) is the spectral density and

f  is the wave frequency.

m0a, m0b, m2a, m2b Spectral moments calculated as above for two frequency bands:
Low frequency (“swell”): Band a: f  in the range 0.04 – 0.10 Hz
High frequency (“wind sea”): Band b: f  in the range 0.10 – 0.50 Hz

Hm0 Estimate of Hs, 00 m4Hm =

Hm0a, Hm0b Estimate of Hs for frequency bands a and b.

am4aHm 00 =  and bm4bHm 00 =

Hm0lf Significant Wave Height, Low Frequency Band

Tp Period of spectral peak Tp = 1/fp where fp is the frequency corresponding to the spectral component with the
highest energy density. 
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TU Upper wave period of significance; 5% of the energy has higher periods

SFP Maximum spectral density SFP = S(fp)

Tpc
Estimate of Tp from spectral moments, 2

0

12

m
mmTpc −=

Tm-20
Estimate of Ts,  

0

2

m
m

 = Tm 20-
−  

Tm-10
Estimate of Ts,  

0

1
10 m

mTm −
− =

Tm01
Estimate of Tz,  

1

0
01 m

m
Tm =

Tm02 Estimate of Tz,  
2

0
02 m

m
Tm =

Tm02a, Tm02b Estimate of Tz for the frequency bands a and b defined above, calculated as

a

a
a m

m
Tm

2

0
02 = ,   

b

b
b m

m
Tm

2

0
02 = .

Tm24
Estimate of Tc (the duration of recorded time series divided by number of crests):  

                             
4

2
24 m

m
Tm =

Sm02 Estimate of S2,    Sm02 = Hm0/(1.56Tm022)

Qp Spectrum width parameter df) S(f
m

2 = Qp 2
Hz0.

Hz.
∫
5

040
2

0

Table 1.1b Heave Parameter Computed from Spectral Analysis
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Rb Width of spectrum peak, Rb = f1 - f2, S(f1) = S(f2) = 0.10 S(1/Tp)

ThTp Mean wave direction at the spectral peak period.

ThHf High frequency mean wave direction. Frequency band between 0.4 and 0.44 Hz

ThLf Low frequency mean wave direction. Frequency band between 0.05 and 0.07 Hz

Mdir Mean spectral wave direction

Mdira, Mdirb Mean spectral wave direction over frequency bands “a” and “b”, respectively

SprTp Wave spreading at spectral peak period

UI Unidirectivity index

Table 1.2 Directional Wave Parameters Computed by Neptun-8

The definitions of parameters Mdir and UI are, following Tucker (1991):

( )
22

arctan

baUI

abMdir

+=

=

where
( ) ( )[ ]

( )
( ) ( )[ ]

( )∫
∫

∫
∫

=
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dffS

dfffS
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dffS

dfffS
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M

M

θ
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sin
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and θM(f) is the mean direction for each frequency band. Now, if θM(f) is constant through the spectrum,
then Mdir = θM and UI = 1, otherwise 0 ≤ UI < 1.

MRU transfer function

Channel dependent constants

For heave:
0.1

01.0
=
=

e
Hzfc

For east and north displacement:
6.0

04.0
=
=

e
Hzfc

The transfer functions for all three channels

f  is the frequency of the spectral component in Hz.

The correction of the amplitude, A, is 
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The Datawell Directional Waverider uses the translational principal to resolve wave direction.  From the
accelerations measured in the x and y directions of the moving “buoy reference frame” the accelerations
along the fixed, horizontal, north and west axes are calculated.  All three accelerations (vertical, north and
west) are digitally integrated to get filtered displacements with a high frequency cut-off at 0.6Hz.  Finally,
Fast Fourier Transforms of eight series of 256 data points (200s) are summed to give 16 degrees of
freedom on 1600 seconds of data.  Data are automatically pre-processed onboard the buoy and recorded
to an internal data logger.  The system was configured to log at 2Hz for a period of 34 minutes (4096
samples at 2Hz) once an hour.  The wave buoy was fitted with an Argos transmitter to enable basic wave
spectra and sea temperature to be monitored in Fugro GEOS’ office, via the CLS ARGOS network.  The
buoy’s position was monitored, such that it could be tracked if it moved from location.

Data, in the final period of deployment, was transmitted to the St. Ives Coastguard Station in real-time, via
HF radio link, where a Warec receiver relayed data to a display/logging-PC running Fugro GEOS’ display
software.  Basic wave parameters were updated at a minimum interval of 10-minutes.
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2. DIRECTIONAL SPECTRA FILES

The wave spectra data from the Seawatch Mini have been exported to ASCII files in a format with three
files containing the complete directional wave spectrum for the deployment period.  For each Spectrum is
given:

Record 1: Time stamp
Record 2-6: One parameter per record: Hm0, Tm02, Tp, Mdir, ThTp
Record 7: Blank
Record 8: The Text “WAVE SPECTRUM”
Record 9: Column headers for the spectrum data
Record 10-56: One record for each spectral band of width 0.01Hz: Frequency, spectral density,

direction, directional spreading, a1, b1, a2, b2 (the first and second order Fourier
components of the directional distribution)

Record 57: Blank

The wave spectra data from the Datawell DWR have been exported to ASCII files in a format with two
files containing the complete directional wave spectrum for the deployment period.  For each Spectrum is
given:

Record 1: Time stamp, 7 Spectral Moments, Errors
Record 2: Column headers for the spectrum data
Record 3-67: One record for each spectral band of width 0.01Hz: Frequency, spectral density,

direction, directional spreading, a1, b1, a2, b2 (the first and second order Fourier
components of the directional distribution)

3. PRESENTATION OF RESULTS

Presented in this report are time series of wave parameters including the following parameters:
Hm0, Hmax, Hm0a, Tm02, Tp, mdir, mdira, ThTp, and Thhf for the period 30 January 2005 to
10 April 2006.

Also presented are time series of surface current speed, direction and temperature for the period
30 January 2005 to 8 November 2005

4. REFERENCES

Tucker, M.J., 1991: “Waves in Ocean Engineering. Measurement, Analysis, Interpretation.” Ellis Horwood
Publishing Ltd. ISBN 0-13-932955-2.
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10644/4056

WAVE AND CURRENT MEASUREMENTS, ST. IVES CORNWALL

OBSERVED WAVE PARAMETERS

SEAWATCH MINI

28-AUG-05  TO  26-SEP-05

INSTRUMENT TYPE:   OCEANOR SEAWATCH MINI
LOCATION:          ST.IVES, CORNWALL
POSITION:          50 21.78'N, 005 40.28'W
WATER DEPTH:       52.0m
INSTRUMENT DEPTH:  0.0m
SAMPLING INTERVAL: 120 MINS

NOTES:
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10644/4056

WAVE AND CURRENT MEASUREMENTS, ST. IVES CORNWALL

OBSERVED WAVE PARAMETERS

SEAWATCH MINI

27-SEP-05  TO  26-OCT-05

INSTRUMENT TYPE:   OCEANOR SEAWATCH MINI
LOCATION:          ST.IVES, CORNWALL
POSITION:          50 21.78'N, 005 40.28'W
WATER DEPTH:       52.0m
INSTRUMENT DEPTH:  0.0m
SAMPLING INTERVAL: 120 MINS

NOTES:
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10644/4056

WAVE AND CURRENT MEASUREMENTS, ST. IVES CORNWALL

OBSERVED WAVE PARAMETERS

SEAWATCH MINI

27-OCT-05  TO  25-NOV-05

INSTRUMENT TYPE:   OCEANOR SEAWATCH MINI
LOCATION:          ST.IVES, CORNWALL
POSITION:          50 21.78'N, 005 40.28'W
WATER DEPTH:       52.0m
INSTRUMENT DEPTH:  0.0m
SAMPLING INTERVAL: 120 MINS

NOTES:
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10644/4056

WAVE AND CURRENT MEASUREMENTS, ST. IVES CORNWALL

OBSERVED WAVE PARAMETERS

WAVERIDER

26-NOV-05  TO  25-DEC-05

INSTRUMENT TYPE:   DATAWELL WAVERIDER
LOCATION:          ST.IVES, CORNWALL
POSITION:          50 21.78'N, 005 40.28'W
WATER DEPTH:       52.0m
INSTRUMENT DEPTH:  0.0m
SAMPLING INTERVAL: 120 MINS

NOTES:
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10644/4056

WAVE AND CURRENT MEASUREMENTS, ST. IVES CORNWALL

OBSERVED WAVE PARAMETERS

WAVERIDER

26-DEC-05  TO  24-JAN-06

INSTRUMENT TYPE:   DATAWELL WAVERIDER
LOCATION:          ST.IVES, CORNWALL
POSITION:          50 21.78'N, 005 40.28'W
WATER DEPTH:       52.0m
INSTRUMENT DEPTH:  0.0m
SAMPLING INTERVAL: 120 MINS

NOTES:
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10644/4056

WAVE AND CURRENT MEASUREMENTS, ST. IVES CORNWALL

OBSERVED WAVE PARAMETERS

WAVERIDER

25-JAN-06  TO  23-FEB-06

INSTRUMENT TYPE:   DATAWELL WAVERIDER
LOCATION:          ST.IVES, CORNWALL
POSITION:          50 21.78'N, 005 40.28'W
WATER DEPTH:       52.0m
INSTRUMENT DEPTH:  0.0m
SAMPLING INTERVAL: 120 MINS

NOTES:
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3.14

10644/4056

WAVE AND CURRENT MEASUREMENTS, ST. IVES CORNWALL

OBSERVED WAVE PARAMETERS

WAVERIDER

24-FEB-06  TO  25-MAR-06

INSTRUMENT TYPE:   DATAWELL WAVERIDER
LOCATION:          ST.IVES, CORNWALL
POSITION:          50 21.78'N, 005 40.28'W
WATER DEPTH:       52.0m
INSTRUMENT DEPTH:  0.0m
SAMPLING INTERVAL: 120 MINS

NOTES:
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3.15

10644/4056

WAVE AND CURRENT MEASUREMENTS, ST. IVES CORNWALL

OBSERVED WAVE PARAMETERS

WAVERIDER

26-MAR-06  TO  10-APR-06

INSTRUMENT TYPE:   DATAWELL WAVERIDER
LOCATION:          ST.IVES, CORNWALL
POSITION:          50 21.78'N, 005 40.28'W
WATER DEPTH:       52.0m
INSTRUMENT DEPTH:  0.0m
SAMPLING INTERVAL: 120 MINS

NOTES:
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DATE AND TIME (GMT)
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0000 1200
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0000 1200
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0000 1200
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0000 1200
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0000 1200
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PLOT DATE:   5-JUN-06 FILE: F4P1

FIGURE NO:

REF. NO:

4.1

10644/4056

WAVE AND CURRENT MEASUREMENTS, ST. IVES CORNWALL

OBSERVED CURRENT SPEED

OCEANOR SEAWATCH MINI

30-JAN-05  TO  08-NOV-05

INSTRUMENT TYPE:   AANDERAA DCS
LOCATION:          ST.IVES, CORNWALL
POSITION:          50 21.78'N, 005 40.28'W
WATER DEPTH:       52.0m
INSTRUMENT DEPTH:  2.0m
SAMPLING INTERVAL: 120 MINS

NOTES:
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PLOT DATE:   5-JUN-06 FILE: F4P2

FIGURE NO:

REF. NO:

4.2

10644/4056

WAVE AND CURRENT MEASUREMENTS, ST. IVES CORNWALL

OBSERVED CURRENT DIRECTION

OCEANOR SEAWATCH MINI

30-JAN-05  TO  08-NOV-05

INSTRUMENT TYPE:   AANDERAA DCS
LOCATION:          ST.IVES, CORNWALL
POSITION:          50 21.78'N, 005 40.28'W
WATER DEPTH:       52.0m
INSTRUMENT DEPTH:  2.0m
SAMPLING INTERVAL: 120 MINS

NOTES:
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Appendix B – IOMS Tidal Stream Atlas 
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Appendix C – METOC Wave Data 
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Appendix D – Geomorphological Report 
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2 Coastal Setting 
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3 Historic Geomorphological Behaviour 
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4 Present Day Geomorphological 
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5 Morphological Issues Influencing the 
Cable 
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Profile N11: Towans
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6 Future Change  
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7 Impacts of the Wave Hub  
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