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1. Introduction

The Atlantic Marine Energy Test Site (AMETS) is located west of Belmullet on the west coast
of Ireland.This site is being developed by the Sustainable Energy Authority of Ireland (SEAI)
to facilitate testing of full scale wave energy convester an operocean environment [1].

This report presents the results of an analysis of the charaetgon of the wave climate at
AMETJest Area BAMETS B)sing datameasuredat a location within the areaince the
beginning of 2010The characterization follogthe guidelines/recommendations published
by thelnternational Electrotechnical Commission (IE€C)he documentiEC TS 62600
101:Marine energy Wave, tidal and other water current convesad 101: Wave energy
resource asssment and characterisatiqneferred to as IE62600101throughout the rest
of this repor) [2].

The purpose of the IE€26006101 is according to its Introductiorto providea uniform
methodology that will ensure consistency and accuracy in the estimaneasurement, and
analysis of the wave energy resource at sites that could be suitable for the installation of
Wave Energy Converters (WECS), together with defining a standardised methodology with
which this resource can be described

The specificton divides the resource assessment studies into three different categories:
reconnaissance (Class 1), feasibility (Class 2), and design (Cléssi8pad characteristics
of each class is shown in Tablé.1

Class Description Uncertainty of wave energy Typical longshore
resource parameter estimation extent

Class 1 Reconnaissance High Greater than 300 km

Class 2 Feasibility Medium 20 km to 500 km

Class 3 Design Low Less than 25 km

Table 11: Classes of ResouréssessmentEC626006101)

Class 1 studies are typically conducted at low to medium resolution, span a relatively large
area, and produce estimates with considerable uncertaiitye other two classes assume
that the focusison particular sites or a single site and require greater certainty of results
(and higher resolution in space and time in a modelling contésay). Class 2 and Class 3
studies,the IEG62600101 assumes that the wave energy resource will be primarilyeeéf
using hydrodynamic modelghich have beersuccessfully validated against measurements.

Given that thisstudyuses measured datanly for the classification analysis, the resource
assessment of AMEB3hould be considered @lass Study.



2. Description of study location

TheAtlantic Marine Energy Test SI®METS) Is located off Belmullet in the west coast of
Ireland (Figure 2.1Y his is an opewcean site with large wave energy potential and has
been chosen by the SEAI to facilitate testrifull scale wave energy converters in a harsh
wave environment.

There are two test areas defined within the site

Test Area A is at 100m water depth and covers approx. 6.9 km2.
Test Area B is at S0mater depth and covers appro%.5 km2.

There have been lontgrm deployments of wave sensors at two locations (AME&&dA

AMETS B) within the AMETS as part of an effort to understand the wave climate in the area.
Figure 2.1 shows the location of the two sites relative to the Irish cdastfocus of this

study ISAMETS Bhich has a water depth of 50 metres.

Cahill and éwis (2013) [3] carried out an assessment of the site using data acquired in 2010
only. This assessment did not follow the 2600101 standards. A number of assessments
using modelled data have been undertaken. For example, Atan et al (2016) [4] weded tw
years of modelled data to provide an assessment of annual and seasonal wave
characteristics. The assessment did not strictly follow theGE8DG101 standards, but

does provide similar analyses to that expected in arR@EEDG101 study.

AMETS A

AMETS B
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Figure 2.1Location of Waverider buoys in AMETS

4



2.1 Wave data Measurement

The Marine Institute uses Datawell Directional Waveriders at the ANBET 8ionitor wave
conditions. Apart from a short period in 2019, a Waverisiall was deployed at the site

The MKkIII was replaced with a MKIV for the short period in 2019, but both versions of the
Waverider measure waves using the same approalt Directional Waveriders are

spherical, surfacéollowing buoys that measur@ave height by means of an accelerometer
mounted onto a platform within the buoy that remains horizontal under any movement
expected to be experienced at sea. Wave direction is measwewivelatinghorizontal

motion of the buoy with the vertical motion3he Directional Waverider provides average
spectra every 30 minutes. They also provide, at the same interval, bulk parameters such as
significant height and zero crossing wave period.

AMETS3, the focus of this study, has been ocagby a Directional Waverider near
continuously since the end of 20QBigure2.2 demonstates this in graphical forjn The

years 2012, 2013, and 2019 do have significant gaps. In September 2020, the buoy was
deployed at a location appro800 metres from the average location of the previous
deployments (which were all grouped clostdgether). As a result, the dateecorded since
September 200 was not analysed for this report.
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Figure 2.2Datawell Waverider Service history for AMETS B



3. CharacterizatiorRequirements

IEC62600101requires the production of characteristic parameters to facilitate the analysis
of the wave energy resource. Assuming directional spectra are available (which they are in
this case) then the recommended characteristic parameters are those listed in 3.1 below
(note a normal Class 1 study would not be expected to have the necessaryteato da
calculate most of the parameters in 3.1).

3.1 Parameters required for characterization

Characteristic Wave Height

A spectrally derived estimate of the significant wave height usingéneth spectral
moment (M)

— /
Hyo =4mg

Characteristic WavPeriod

The preferred characteristicave period is the energy period which is calculated using
spectral moments

Te = m/mo

Spectral Width

The spectral width characterizes the relative spreading of energy along the wave spectrum.
There are numerous ways to calculate thist IEC62600101defines it using spectral
moments as the following

MgMM—2 1

E =
0 m2,

Omnidirectional wave power

The omnidirectional, or directionally unresolved, wave powethe time averaged energy
flux through an envisioned vertical cylinder of unit diameter, imtggd from thesea floor

to the surface.In essence, this means that vaee calculatinghe total wave power coming
from all directionsat a site. This can be calculated from the wave spectral data using the
formula:



J = pg Xi;jCq:Sij AfiA6;
where

= water density

g =gravitational acceleration constant

cg,i=group velocity at' frequency

Sj=variance densitat i frequencyandat j" discrete direction

Maximum directionally resolved wave power

It may useful to WEC developers to know gmver available in the waves from all

directions projected on to a given directional alignmeather than just tle omni

directional wave powerThis is termed directionally resolved wave pow@ivenadirection,
—-the directionally resolved wave power is the sum of the contributions of each component
(e.g. wave power from every 1 degree increment from 0 to 36@) a positive component

in that direction,and iscalculated according to the equation:

§=1, cos(6—6;)=0
]e = ,Og Zf,j ngl-Sl-j&fiﬂﬂj COS(Q - 9])5

§=0, cos (6-6;)<0

Theequation is the same as that for oradirectional wave power except for the extra

el ement—xgeff) “cwlsilch 1 s used to i dewihiedcly t he
frequency that have a positive power contribution for a given direction compbfranging

from O to 360 degrees).

The maximum value ofi$ named themaximum directionally resolved wave poweand is
denoted aslamax

Direction of naximum directionally resolved wave power

The direction corresponding to the maximudmmectionally resolved wave power is named
the direction of maximum dectionally resolved wave power (denoted-agay).

IEC626003101notes that this direction is preferable to using peak wave direction (direction

associated with spectral peak) becaymak direction is highly variable/unstable and does
not represent the direction of wave energy propagation.

Directionality Coefficient

The directionality coefficient is the ratio of the maximum directionally resolved wave power
to the omnidirectional wae power.



Jo

d — max

il

This can be seen aspresenting the degree thich the wave power of a sea state follows
a common directior{increasing values indicate narrowing directional spread).

3.2 Data preparation and analysis

TheDatawell DirectionaWaveriders output spectral data every 30 minutes. In that 30
minute period,8 consecutive spectra are calculatey the MklII (this is 17 ithe MKkIV) and
then averaged to produce the haiburly spectrumBulk spectral parameters likenbland

Tmoz are calculated from the hatiourly spectra and are included in each spectrum data file.

All spectral data logged between Jan 2010 and Sep 2020 were assembled into one dataset.
The bulk parameters were subjected to quality control #melspectra associated with
erroneous bulk parameters were excluded from the analysis.

Most of the charactestic parameters thatEG62600101requires are not available within

the DirectionalWaverider spectra files and so need to be calculated. The calculations were
performed in Matlab using the raw spectral data and following the formulae provided by
IEG626(D-101asdetailed aboven 3.1.



4. Wave Resource Characterization Results

If we are to strictly adhere to the resource assessment classes described in Section-5 of IEC
62600101, then this resource assessment of AMETS B falls into Clasu&daegher a
numerical wave modetor measurecorrelate-predict (MCP)methodswere used to

generate the data on which the characteristic parameters are based. However, in the case
of AMETS B, this rigid classificateystem seems to break down somewhat. Data has been
measured at the site neazontinuously for 11 years. The TestaArsurrounding the site is
small.Measured data will be more accurate than modelled data assuming the sensor is well
maintained.Class 1 studies are typically conducted at low to medium resolution, span a
relatively large area, and produce estimat@ith onsiderable uncertainty!

IEC62600101 recommends that a minimum of 10 years of dag¢aused for resource
assessmentyut accepts that this may not always be the case. AMETS B has measured data
for the period Jan 2010 to Sep 2020 (i.e. 10 years and 8 rapiithere are some gaps the

time series (se€igure2.2 , but all months have at | east
base longterm statistics.

4.1 Statistical Summary

Annual and monthly statistider the wave energy resourqearameterswere calculated and
arepresented in Table4.1 to4.7.
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Table 4.1 Annual and monthly statistics for significant wave heighifH

HmMO (m) Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean 2.89 3.98 3.96 3.28 2.42 2.15 1.84 1.75 1.95 2.69 2.78 3.37 3.96
SEeEle 1.63 183 | 186 | 162 | 109 | 1.12 0.4 0.84 085 | 1.22 | 1.36 | 146 | 188
Deviation
50th percentile 2.52 3.60 3.53 2.93 2.17 1.91 1.64 1.4 1.81 2.55 2.62 3.26 3.75
10th percentile | 1.16 1.98 1.99 1.52 1.29 0.95 0.86 0.89 0.9 1.26 1.19 1.60 1.76
90th percentile | 5.04 6.56 6.44 5.50 3.89 3.65 3.4 2.89 3.03 4.25 4.54 5.27 6.53
Max 14.94 13.07 14.03 14.94 7.84 10.64 6.52 6.86 7.06 8.67 9.76 14.12 14.41
Min 0.28 0.80 0.87 0.74 0.55 0.42 0.46 0.28 0.49 0.47 0.49 0.64 0.62
Monthly
Variability 2.3
Table 4.2 Annual and monthly statistics for energy period (Te)
Te (S) Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean 9.4 10.29 10.48 9.94 9.07 8.2 7.71 7.40 7.49 8.80 9.19 9.66 10.11
lENEER 1.76 148 | 168 | 140 | 152 | 1.8 1.2 112 | 112 | 129 | 147 | 139 | 156
Deviation
50th percentile 8.95 10.19 10.34 9.83 8.96 8.21 7.68 7.29 7.43 8.78 9.05 9.57 10.06
10th percentile 6.85 8.50 8.44 8.23 7.33 6.60 6.16 6.01 6.12 7.24 7.48 7.96 8.16
90th percentile 11.38 12.19 12.77 11.78 11.04 9.77 9.32 8.88 8.92 10.41 11.07 11.43 12.10
Max 19.29 18.19 19.29 16.88 16.56 14.89 12.19 12.39 14.99 14.85 15.65 15.68 16.74
Min 4.22 6.18 5.67 6.53 4.75 4,22 4.52 4.37 452 4.94 4.82 5.85 5.24
Monthly
Variability 3.8
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Table 4.3 Annual and monthly statistics femni-directional wave power (J)

J (KW/m) Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean 62.55 | 12003 | 12274 | 80.08 37.64 28.54 1903 15.95 1938 44.76 52.36 77.10 | 118.91
[S);?/ri];t?c:g 97.91 | 139.85| 148.31 | 108.06 | 45.13 | 42.90 2507 20.88 2445 49.77 62.10 | 86.00 | 139.18
50th percentile | 29.80 71.66 70.48 44.70 22.30 1555 1041 8.79 1204 30.18 33.22 54.31 76.86
10th percentile | 4.99 19.4 19.66 11.58 6.85 3.32 2.5 2.68 3.29 6.46 5.85 12.03 13.78
90th percentile | 151.73 | 28237 | 27958 | 186.15| 83.96 65.43 | 43.49 37.68 | 4056 97.14 | 117.19 | 164.64 | 279.19
Max 1917.71| 1463.45| 174553 | 1917.71| 507.80 | 858.29 | 229.37 | 324.43 | 412.53 | 500.73 | 799.42 | 1661.40| 1872.50
Min 0.30 2.57 3.07 2.26 1.33 0.67 0.68 0.30 0.67 0.75 0.91 1.62 1.56
Monthly
Variability 10678
Table 4.4 Annual and monthly statistics fonaximum directionally resolved wave pow@hmay
Jamax(KW/m) | Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean 60.91 | 11736 | 119.9 | 78.05 36.49 27.70 1839 1546 18.76 43.53 50.66 75.04 | 115.82
ES);?/?St?czg 96.65 | 13836 | 146.82 | 106.59 | 44.57 42.54 24.76 20.61 2425 49.28 61.32 84.83 | 137.73
50th percentile | 28.58 69.33 67.87 43.32 21.43 14.90 9.70 8.36 1144 28.81 31.23 52.38 73.52
10th percentile | 4.52 18.05 18.21 10.64 6.16 2.90 2.26 246 2.98 5.98 5.32 10.67 12.73
90th percentile | 148.42 | 27726 | 27559 | 182.13 | 82.22 64.31 | 42.65 36.70 3949 95.32 | 114.14 | 162.11 | 273.50
Max 1908.01| 1457.70| 1522.46| 1908.01| 502.46 | 853.81 | 228.20 | 317.60 | 410.70 | 498.74 | 795.07 | 1514.00| 1862.17
Min 0.28 2.08 1.79 1.42 1.00 0.33 0.58 0.28 0.54 0.67 0.58 1.41 1.36
Monthly
Variability 10445
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Table 4.5Annual and monthly statistics for direction maximum directionally resolved wave pow@6ma)

‘ max (deg) Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean 293.8 | 294.06 | 291.72 | 292.72 | 301.44 | 29538 | 295.93 | 28676 | 291.8 | 289.55 | 292.28 | 298.43 | 296.45
gé?/ri]gt?c:g 29.14 | 25.2 24.60 26.31 33.05 36.39 33.03 25.56 30.27 24.81 27.16 27.42 30.50
50th percentile | 289.00 | 291.00 | 288.00 | 290.00 | 295.00 | 286.00 | 287.00 | 284.00 | 286.00 | 289.00 | 289.00 | 295.00 | 291.00
10th percentile | 255.00 | 264.00 | 262.00 | 257.00 | 251.00 | 221.00 | 249.00 | 255.00 | 252.00 | 257.00 | 256.00 | 263.00 | 255.00
90th percentile | 334.00 | 332.00 | 326.00 | 323.00 | 335.00 | 336.00 | 340.00 | 323.00 | 337.00 | 320.00 | 330.00 | 339.00 | 341.00
Max 359.00 | 359.00 | 359.00 | 359.00 | 359.00 | 359.00 | 359.00 | 359.00 | 359.00 | 359.00 | 359.00| 359.00 | 359.00
Min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Monthly
Variability 1468
Table 4.6 Annual and monthly statistics for directionalitgefficient(d)
d Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean 0.95 0.96 0.96 0.96 0.95 0.94 0.93 0.95 0.95 0.96 0.94 0.95 0.96
Standard 006 | 004 | 005 | 005 | 006 | 008 | 008 | 006 | 006 | 005 | 007 | 0.06 | 0.05
Deviation
50th percentile 0.97 0.98 0.98 0.97 0.97 0.97 0.97 0.97 0.97 0.98 0.97 0.98 0.97
10th percentile 0.88 0.92 0.91 0.91 0.88 0.83 0.82 0.88 0.88 0.89 0.86 0.88 0.91
90th percentile 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Max 1 1 1 1 1 1 1 1 1 1 1 1 1
Min 0.43 0.49 0.54 0.5 0.53 0.43 0.5 0.5 0.49 0.53 0.52 0.5 0.49
Monthly
Variability 0.03
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Table 47: Annual and monthly statistics fopsctralwidth (&)

B Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mean 031 031 031 031 031 0.32 0.32 0.32 0.32 031 0.32 031 031

SEeEle 006 | 04 | 0056 | 0056 | 005 | 006 | 006 | 006 | 006 | 006 | 006 | 0.4 | 0.04
Deviation

50th percentile | 0.31 0.30 0.30 0.30 0.30 031 031 031 031 0.30 031 0.30 031

10th percentile | 0.26 0.26 0.26 0.25 0.25 0.26 0.26 0.26 0.27 0.25 0.26 0.26 0.27

90th percentile | 0.38 0.36 0.36 0.36 0.38 0.40 040 040 0.39 0.38 0.38 0.36 0.36

Max 0.75 0.65 0.68 0.62 0.64 0.74 0.65 0.69 0.65 0.75 0.71 0.54 0.62
Min 017 0.19 0.19 0.20 0.19 017 0.17 0.19 0.20 0.17 0.19 0.19 0.20
Monthly
Variability 0.02
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4.2 Characterization plots

This sectiorffand Appendices referenced in the ssbctions)resents Hsl'e joint
distribution plots,rose plots, and cumulative distribution pldis the wave energy resource
parameters

4.2.1 Hmo-Te joint distribution
Figure 4.1shows the joint distribution of )b and Te based on all data collected at AMETS B.

Appendk 1 (Figures Al to A12) shale joint distribution of Fhoand Te based on all data
collected at AMETSdvided into months

The joint distribution plots showhe proportional frequency of occurrence of sea states,
parameterized in terms of the significant wave heidhip, and energy period, T&he
dimensions of each bin in th@ots are 0.5m foHmo and 1s for Te. As required B§£C
62600101, bins with frequacy of occurrence of less than 0.01% are represented by an
asterix followed by the actual number of occurrences in that bin.

Joint Distribution of Hs and Te: Annual
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Figure 4.1Joint distribution of Ho and Te based on all data collected at AMETS B.
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4.2.2 Wave power rose

Figure4.2 showsa wave rose depictinthe joint distribution ofmaximum directionally
resolved wave powefJumay) and the direction of maximurdirectionally resolved power
(8imay based on all data collected at AMETS B.

Appendix 2 (Figures B1 to B12) show wave roses based on all data collected at AMETS B
divided into months.

Wave Power Rose: Annual
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Figure 42: Wave power roselepicting joint distribution oflymaxand Bimaxbased on all data collected
at AMETS B.

15



4.2.3 Directionally resolved joint distributions of o and Te

Figures 4.3 to 9.show directionally resolved joint distributions of.tand Te based on all
data collected at AMETS B. The data is partitioned intde2fiee directional windows based
on the directon of maximum directionally resolved powdga). As can be seen from the
rose plot in Figure 4.30me directional windows contain very few data poistghey have

not been included herelhe 7 sectors includduere account for99.8% of all dataecorded.

Like Figure 4.hinswith frequency of occurrence of less than 0.01% are represented by an
asterix followed by the actual number of occurrences in that bin.

Joint Distribution of Hs and Te for directional sector: 0° - 30°
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Figure 43: Joint distribution of Ho and Te based on all data collected at AMETi®B directional
sector 0 -30°
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Joint Distribution of Hs and Te for directional sector: 30° - 60°
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Figure 44: Joint distribution of o and Te based on all data collected at AMETi®rB directional
sector 30 - 60°
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Joint Distribution of Hs and Te for directional sector: 210° - 240°
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Figure 45: Joint distribution of o and Te based on all data collected at AMETi®rB directional
sector 210 - 240°
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Joint Distribution of Hs and Te for directional sector: 240° - 270°
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Figure 46: Joint distribution of o and Te based on all data collected at AMETi®rB directional
sector 240 - 27C°
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Joint Distribution of Hs and Te for directional sector: 270° - 300°
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Figure 47: Joint distribution of o and Te based on all data collected at AMETi®rB directional
sector 270 - 30C°

20



Joint Distribution of Hs and Te for directional sector: 300° - 330°
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Figure 48: Joint distribution of o and Te based on all data collected at AMETi®rB directional
sector 300 - 330°
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Joint Distribution of Hs and Te for directional sector: 330° - 360°
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Figure 49: Joint distribution of Ho andTe based on all data collected at AMET®®B directional
sector 330 - 360°
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4.2.4 Cumulative distribution plots
Figures 410to 4.16 showwhole seriesand monthly cumulative distributionsf the wave
energy resource parametelsmsed on all data collected at AMETS B.
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Figure 410: Cumulative distributiorof significant wave heightno) by month and whole series (ALL)
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Figure 411: Cumulative distributiorof energy period (Te) by month amchole series (ALL)
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Figure 412: Cumulative distributiorof omni-directional wave power (J) by month and whole series
(ALL)
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Figure 413: Cumulative distribution ofnaximum directionally resolved wave powdiay by
month and wholeseries (ALL)
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Figure 4.14Cumulative distribution of the direction of maximum directionally resolved po@gi§
by month and whole series (ALL)
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Figure 4.5: Cumulative distribution oflirectionality coefficient (dipy month and wholeseries (ALL)
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Figure 4.8: Cumulative distribution ofpectralwidth (&) by month and whole series (ALL)

4.2.5 Longterm uncertainty ¢ interannual variability

The wave climate at a site will vary yearyear. Thiss a source of uncertainty in the
characterization of the wave resource at a site because the pesed forthe
characterizatioranalysis may ndully represent longerm wave climate (i.e. over many
decades)ldeally data (measured and/onodelled) covering a period many decades long is
used to describe the interannual variability, but in practice this may not be possible.

Figures 4.17 and 4.18 show the interannual variability of monthly mean significant wave
height (Hho) and wave power rgzectivelybased on the measured AMET8d8a The most
obvious observation is thdhe variability is much larger in winter months compared to
summer. For example, the interannual variability of wave power for January ranges from
less than half of the lorterm mean in 201@an exceptionally cold and calm Janufg)) to
twice the longterm mean in 201%a notably windy Januai$]).
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Figure 418: Interannual variabity of monthly mearof omni-directional wave power (J)
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Conclusion

A resourceassessmentf the AMETS Bite was conducted using thiEG62600101

standard for wave resource characterizatidie analysis was based on spectral wave data
measured at the site between Jan 2010 and September 2020 which means this is considered
a Class 1 resource assessment bylE©62600101 standard.lt could be argued that a

resource assessment based approxmately10 years of measured spectral data at a single

site does not really map ontime IEC626003101Class 1, but the rigidity of the requirements

for the three IEG62600101resource assessment classeake it so.

The mean omndirectional wave power (J) at AMEB$ 62.55kW/m but there is a strong
seasonal variation (from a mean d2.74kW/m in Februaryto 15.95kW/m in July)This
variation is also readily apparemt significant wave height (HmO) amedergy @riod (T9. An
increased directionality coefficiemind narrower spectral widtin the winter months may,
at least in part, be due tpowerful swell arriving fromtlanticwinter storms[7]. The mean
direction of maximum directionally resolved wave poW@imay is 293.78degrees (i.e.
roughly WNW) and this is, as would be expected, quite consistent throughout theTyear.
inter-annual variability okignificant wave height anomni-directional wave power is large
for winter and early spring.
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Appendix 1:Monthly joint distribution plots

Figures Al to A12 show monthly joint distribution plots ebBEind Te based on all data
collected at AMETS B.
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Joint Distribution of Hs and Te: February
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Joint Distribution of Hs and Te: March
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Joint Distribution of Hs

and Te: April
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Joint Distribution of Hs and Te: Ma
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Joint Distribution of Hs and Te: June
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Joint Distribution of Hs and Te: July
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16 Joint Distribution of Hs and Te: August
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Joint Distribution of Hs and Te: September
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Joint Distribution of Hs and Te: October
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Joint Distribution of Hs and Te: November
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Joint Distribution of Hs and Te: December
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Appendix 2:Monthly wave power rose plots

Figures B1 to B12 show wave roslepicting themonthly joint distribution of maximum
directionally resolved wave powédsmay and the direction of maximurdirectionally

resolved poweKBimay) based on all dataollected at AMETS B.
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Figure

Wave Power Rose: February
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Wave Power Rose: March
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Figure B

Wave Power Rose: April
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Figure

Wave Power Rose: May
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Figure

Wave Power Rose: June
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Figure

Wave Power Rose: July
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Figure B

Wave Power Rose: August
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Figure B

Wave Power Rose: September
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Figure BD

Wave Power Rose: October
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Figure B1

Wave Power Rose: November
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Figure B2

Wave Power Rose: December
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