el\{:tec Proceedings of the 11th European Wave and Tidal Energy Conference 4-11th Sept 2015, Mantes, France

EMACOP project: characterising the wave energy
resources of hot spots in Brittany for on-shore WEC
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Abstract: The French national EMACOP project (Energies France's coastlines in order to select the moswvaekt sites
Marines Cotieres et Portuaires) aims at characteriag wave [1].
power nearby on-shore structu.resl such as breakwateor jetty. Here, we present the characterisation of wave ggner
;h's paper presents the application of the open soue non- agqyrces, using numerical simulations for two $pots in
ydrostatic wave-flow model SWASH to wave propagatin and g iy (Esquibien and Saint-Guénolé), which aetested
transformation on two hot spots in Brittany (France. The . .
numerical simulations were performed with the SWASHmodel and could be equipped with On'Sh,ore Wave Energy
in two-dimensional mode for dominant incident waveconditions Converters (WEC). Wave transformation processesn fro
and three tide levels. The results of wave simulaths presented Offshore to the coastal structures are taken intmant using
here allows us to characterise wave energy resousand define the non-hydrostactic wave-flow SWASH model, an open
WEC's promising positions on both sites. source tool solving the non-linear shallow-wateua@pns,
developed at Delft University of Technology [2]. é&h
SWASH model allows discrete waves analysis and stake
refraction, breaking wave, diffraction, reflectiand spectral

[. INTRODUCTION harmonic transfers into consideration.
The energy transiton undertaken in France includes NS article presents the simulated nearshore wave
important development in marine renewable energieshis transformation in the Esquibien and Saint-Guéndkssthe

respect, the French research project EMACOP (Eesrgflumericals models setup, and the results obtaing the
MArines, COtiéres et Portuaires) aims at studyingd aSWASH model. The two models were built using grids

promoting the development of marine energy systenmorts centreq on the breakwaters. T_helr vast spat|a! d_mnare
or coastal structures in France, in particular etracterizing ©SSeéntial to understanding physical phenomenzeinfing the
wave power nearby on-shore structures. This afitdén the WaVe propagation such refraction, reflection arftfaiition. A
framework of the task "wave power devices on égst JONSWAP spectrum was used as input to simulate an

structures " of the EMACOP projeditfp:/mww.emacop.fy, Ncoming swell.

The approach is extended to evaluation of nearshotential _Moreover, spectrally-derived wave parameters (Hm,
of each site. A initial work was done to identifynca direction of wave propagation, directional spregjlirare

characterise the wave energy potential of 22 sitemg introduced from numerical database HOMERE develdped
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Ifremer [3]. Results from SWASH contribute to a tbet where t is time, x and y are located at the stiitav level,
understanding of waves transformation processesbath ((x, y, t) is the surface elevation measured fromgtil water
spots. The results of wave simulations as watefaser level, h =¢ + d is the water depth, or total depth, d(x, yihis
elevation, wave height, and wave power level cleallbw to still water depth, u(x, y, t) and v(x, y, t) areetldepth-
characterise wave energy resources of both sitdsdafine averaged flow velocities in x— and y—directionsspectively,

WEC's most promising positions. a(x, vy, z, t) is the non-hydrostatic pressure, griavitational
acceleration, ¢ is the dimensionless bottom friction
Il. SwASH: A NON-HYDROSTATIC WAVE FLOW MODEL coefficient, ande, Ty, Tyx andr,y, are the horizontal turbulent

stress terms. A full description of the numericabdal,

A. Features of SWASH . ! o
) ) ) _boundary conditions, numerical scheme and apptinatiare
SWASH (an acronym of Simulating WAves till SHors) i given in [2].

an open source code developed at Delft University ©

Technology [2] (more information can be found at [1l. NUMERICAL SIMULATIONS
http://swash.sourceforge.nNet/'SWASH is a non-hydrostatic o

wave-flow model and is intended to be used for jotedy A Spots Localisation

transformation of dispersive surface waves fronstaffe to
the shore for studying the surf zone and swash dgnamics,
wave propagation and agitation in ports and rapidiyied
shallow water flows.

SWASH is a relatively new time-domain wave propamat
model based on the nonlinear shallow water (NLS
equations including non-hydrostatic pressure. Ipleys an
explicit second order finite difference method &iaggered
grids whereby mass and momentum are strictly copdeat
the discrete level. i

The philosophy of the SWASH code is to provide af=uisy
efficient and robust model that allows a wide randedime ).
and space scales of surface waves and shallow flates in
complex environments to be applied. It should bgleasized
that SWASH is not a Boussinesg-type wave model.

Conceptually, the vertical structure of the flowpat of the
solution. In fact, SWASH may either be run in deptteraged
mode or multi-layered mode.

The model has been validated with a series of ¢&inaly ~ The hot spots of Esquibien and Saint-Guénolé lacate
laboratory and field test cases. Overall, the lefelgreement West coast of Brittany (France) present a goodoress of
between predictions and observations is quite feafla, Wave energy conversion with respectively an annwave
particularly since that a wide range of wave cdadi and Power of 6.9 and 21.1kW/m established in [1]. Téegth of
topographies were modelled. useful structures, which could be equipped with W&@

SWASH accounts for the following physical phenomenabout 340 and 250 meters, with the bathymetry ofCD).
wave propagation, frequency dispersion, shoaliefyaction
and diffraction, nonlinear wave-wave interactionsave
breaking, bottom friction, and provides the followioutput 1) Bathymetry:Nautical charts published by SHOM n°
guantities: surface elevation, significant wavegheipressure 7147 (port of Audierne) and n° 6645 (Penmarc'h cap)e

Saint-Guénolé

Fig. 1: Esquibien and Saint-Guénolé spots in Audiidray (west coast of
Brittany, Francehttp://cms.geobretagne )r/

B. Numerical Models Setup

at bottom, velocity in z-direction, etc. reproduced in the two numericals domains usingagize of
) _ 1m by interpolation with "Blue Kenue", a softwamok of
B. Governing Equations Canadian National Research Councihttg://www.nrc-

The SWASH model is a time domain model for simulgti cnrc.gc.ca/eng/solutions/advisory/blue kenue irden).

non-hydrostatic, free-surface and rotational flowhe The bathymetric grid is an important input grid andst be

governing equations are the non-linear shallow walgye enough that it completely covers the comjnnat grid
equations including a nonhydrostatic pressure tdime. two- ¢ "S\WASH. The resolution  of bathymetric grid is not

dimensional, depth-averaged shallow water equatiares necessarily the same as that of the computatiaital g
shown as follows: The bottom grid size selected of Esquibien mod8Di@0m
0t ,0hu ohv_ in the x-direction and 3400m in the y-direction,dathe

—_= + =
ot 9x 0oy . “ bottom grid size of Saint-Guénolé model is 2600nthi@ x-
a_“+u%+va_“+g%+lj“ a_qdﬁcf“\’“z”z:l( athqathy) direction and 1500m in the y-direction. _

ot 0x 9y "Ox hx,0x h h' dx  dy 2) Numerical and Physical ParametersNumerical
6_u+u6_u+v@+g%+lf6_qu+cfu\e‘°u2+v2:l(ahTﬂ_‘_ahT}}-) simulations of both sites were carried out by th&/ASH
0t 0Ox 0y “0x h*0x h h' Ox oy



model using one vertical layer which is enough eoning
wave transformation and with an initial time sté@®15s.
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Fig. 2: Esquibien siteaww.data.shom.jr
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Fig. 3: Saint-Guénolé sitevivw.data.shom.jr

The calculation time step is automatically adjdsie the
calculation depending on the CFL condition, withaximum
CFL value of 0.5 in this case.

For numerical, the non-hydrostatic pressure inshallow
water equations is included. The Keller-box schésmaainly
used for accurate wave propagation with one lagtutation
[4]. A default Manning’s bottom friction value of. @9 is
used and the time duration of the numerical sinnratis 40
minutes in the two numerical models runs.

C. Esquibien Model Setup

The computational domain of Esquibien model is
horizontal grid with a cell size of 4m in the x-@lition and 2m

boundaries where waves are supposed to leave timaindo
freely. So, they prevent from reflecting at openitdaries [5].
The wave boundary conditions at the south edgéhef
domain simulate incoming random swells, as inditaie
Tables | and Il. This is done using a JONSWAP spett a
directional spreading of 24.9 degrees with différen
combinations of significant wave heights HmO, peakiods
Tp, wave directions and still water depths.
The simulation of Esquibien model takes about 4r&ian
8 cores of Intel Xeon processor with MPI| parall@inputing.

1) Estimation of Esquibien Wave Climaléie model input
parameters are the significant wave height, wawak period
and wave direction (HmO, TP) and the water levels. At this
site, waves generally arrive from the south-sougiW200°N)
since the dominant west swells (270°N) are refdhdte the
upwave bathymetry. The three selected water laeglsesent
80% of the tidal regime, from an 18-year tidal diation
(Saros cycle). The corresponding levels are 1.46m {ide),
3.07m (mid-tide) and 4.75m (high tide).

The choice of (HmO, Tp)-couples was based on iadyais
of the wave parameters at Esquibien, point WA4588479
extracted from the 19-year (1994-2012) HOMERE dadab
distributed through the French PREVIMER project
(http://www.previmer.org/en/produits/hindcast seates ho
merg. The statistical analysis of the 19-year wavedbast,
(160 000 hourly data) has produced a occurrende tdleach
couple (HMO, Tp) expressed in hours/year to easelioice
of these couples (see Table I).

TABLE |
OCCURENCE OF THEHMO, TP) COUPLES INHOURSYEAR

Tp(s) 5 7 9 11 13 15
HMO (m) 7 9 11 13 15 17
55 6.5 0.0 0.0 0.2 50 216 287
45 55 0.0 0.1 39 410 780 733
35 45 0.0 65 430 1300 2031  107.3
25 35 29 751 1397 3168 3519 1238
15 25 958 3067 4230 7827 4939 1169
05 15 2433 8622 13486 12284 3600 1111
0 05 203 1695 1557 626 185 6.9

The examination of the previous table has allovieel
selection of 10 couples (HmO, Tp) for the boundargditions
of the SWASH model (see Table II).

THE 10(HMO, TP) COUPLESSEITEA(E':Eg ‘II'IOREPRESENTESQUIBIEN WAVE
CLIMATE.
HTO () p(s) 8 10 12 14
3 X X
2 X
1

To sum up, the Esquibien wave climate estimatiobased

in the y-direction. The computational domain sigel600m on 30 simulations: 10 wave couples (HmO, Tp) sekééor 3
(x-direction) and 2100m (y-direction). Around thenaain, the djfferent tidal levels (low, mid and high tides).

sponge layers are specified at the north edge eofdtimain
(width of 200m), the west edge (width of 100m) dhd east

edge (width of 100m) to absorb wave energy at op

With a computation time of about 4 hours per satiah,

the model runs took around 120 hours (5 days).



2) Output Points Selection for the Wave Power and Similarly to what has been done for the Esquilsiga, the
Directional Spectra CalculationsAn in-deep examination of choice of the (HmO, Tp)-couples results from thalgsis of

the Esquibien site characteristics allowed us ttraek 9
relevant output points, as shown on the bathynikitistration
(Fig. 4). These output points have been chosendbasgwo
criteria: alignment in front of the breakwater amater depth.
Points 1, 2 and 3 lie in 3m-depth, points 4, 5 &nith 5m-
depth and points 7, 8 and 9 in 10m-depth. Points &nhd 9
allow to examine the depth influence on wave eneegpurce
over a specific energetic area.
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Fig. 4: Esquibien bathymetry map and location ef@moutput points

D. Saint-Guénolé Model Setup

The computational domain is an horizontal grid wgtl
size of 3m in the x-direction and 3m in the y-difec. The
domain size is 1600m (x-direction) and 1300m (yeciion).
Around the domain, the sponge layers are speciiethe
north edge of the domain (width of 100m), the soetiye
(width of 100m) and the east edge (width of 200mnaltbsorb
wave energy at open boundaries.

The wave boundary conditions at the west edge ef
domain simulate incoming swells, as indicated irbl&alll.
This is done using a JONSWAP spectrum, a directio
spreading of 24.9 degrees with different combimeticof

HOMERE database at point "Emacop06" lying about 25m
Since the computation was less demanding, a greatebers

of simulations were performed. The 16 couples (HMP)
shown in Table Il were used for the SWASH runs.

TABLE Il
THE 16 (HMO, TP) COUPLESSELECTED TOREPRESENTSAINT-GUENOLE

WAVE CLIMATE .

Tp(s) 8 10

HmMO (m)

X | X | X | X

5
4
3
2
1

X | X | X | X
X | X | X | X|x

To sum up, Saint-Guénolé wave climate estimatidies
on 48 simulations: 16 (HmMO, Tp)-couples associated3
water levels (low, mid and high tides). With a catgiion
time of about 1h30min per simulation, the 48 ruegresent
about 72 hours of computation.

2) Output Points SelectioThe examination of the Saint-
Guénolé site allows us to select, as displayedign &, 8
output points. 5 points are located perpendiculadythe
breakwater from points 1 to 5 (1m to 10m-depth) arathers
(points 6, 8 in 10m-depth and point 7 in 5m-degitd placed
over an offshore shoal, with potential high wagsource.
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Fig. 5: Saint-Guénolé bathymetry map and locatioth@ 8 output points

significant wave heights HmO, peak periods Tp, wave

directions and still water depths.
The simulation of the Saint-Guénolé model takesuatich
hour due to the smaller computational domain.

1) Estimation of Saint-Guénolé Wave Climat&he model

input parameters are the significant wave heiglatyevpeak
period and wave direction (HmO, T@), and the water levels.
Waves in Saint-Guénolé propagate from the westctime

(270°N) and the three water levels, low, mid anghhiide

have been conserved for thoses simulations.

IV. RESULTS OFESQUIBIEN NUMERICAL SIMULATIONS

A. Results of a Typical Simulation

The SWASH results were analysed with MATLAB and the
tools of the librairies WAFO (Wave Analysis fortigae and
Oceanography, http://www.maths.lth.se/matstat/wgfo/and
DIWASP (Dlrectional WAve SPectra  toolbpx
http://www.metocean.co.nz/support/resourgesThe model
outputs exploited were the water surface elevatitig
significant wave height, the directional spectr&wvDIWASP




and the wave power per unit crest length from tiseRlectric
Power Research Institute (EPRI) formula [6]:

_pg’ FS() 2k, d
= Bf 7 [(l+sinh(2kfd)

The presented example uses the following wave tiondi
significant wave height Hm0=2m, peak period Tp=1&aye

)tanh (&, d)]df

direction6=200°N and a high tide water level of 4.75m. The Outputpoint 1} 2| 3| 4| 5 6/ 7| 8 9

SWASH simulations outputs are treated to producepsnat
relevant wave parameters.
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Fig. 6: Water surface elevation for the referengmiation (Hm0=2m,
Tp=12s, wave directioi=200°N and a high tide water level of 4.75m)
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Fig. 7: Significant wave height for the referenoaidation

The SWASH simulation provided elevations timeseseat
the 9 output points. The WAFO tool was used to pced
wave power per unit crest length at these poingbid V).

TABLE IV

WAVE POWER PERUNIT CRESTLENGTH AT EACH OF THE9 OUTPUT POINTS
FOR THEREFERENCESIMULATION

P (kW/m) 16.3 15.8| 26.3 21.7
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8: Modeled directional spectra at point 1 WWASP (see Fig. 4 and
purple spot on Fig. 6) for the reference simulation
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Fig. 9: Modeled directional spectra at point 2 (Bie 4 and red spot on Fig.
6) for the reference simulation

The HmMO map presents the main wave energy hos ssot
the shoaling area in front of “lle aux vaches”,responding
to points 3, 6 and 9. In the western part of the,nwdose to
point 4 and even closer to the breakwater (point thg
significant wave height reached up to 2.7m. Inghstern part
of the map, HmMO less than 1.5m are observed intafou



depth. In this area, the water depth rapidly desrgdo 3m
near the breakwater which causes the waves toctefravard
the breakwater.

1) Reflection Phenomena (point 1)At the tip of the
breakwater, and at regularly spaced distance, sporaling to
half the wave length, important wave height vaoiasi are
evident. They are due to wave interferences regplentor
the well-known standing wave phenomena characterise
nodes and anti-nodes at fixed
spectrum at point 1 (see Fig. 8) shows that theatefld wave
keeps its peak period of 12s.

The available power is computed from the water asaf
elevation spectra, given the probabilities of ocence of the
various tidal levels and incoming waves conditions.
provides thus the total yearly energy in the forfrtheave at
the point of interest. However, it should be notieat energy
extraction devices are not all making exclusive afdeeave at
a single point.

In addition, the location at Esquibien is the scenfe
reflection and shoaling effects that distribute theoming
energy into several categories, namely incident rafiécted
waves, and primary free wave and harmonic boundewat
the sum and difference frequencies. When consigdraave
only, the incident and reflected waves may addamcel as a
function of the location, dominant wave directiomda
wavelength. A thorough design analysis will thuguiee to
know how the energy can be split between
characteristics.

2) Partitioning Analysis of Directional Spectrdp answer
that question, this partioning analysis was carpeat on the
directional spectra for three tidal level condiBonThis
partitionning used a watershed algorithm ([7], [8Bnd
resulted in 2 to 6 partitions depending on the tiocaand
conditions.
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Fig. 10: Results of partitioning at point 1 for @ Znhcoming HmMO at high tide

locations. The obthin

The characteristics of the partitions of Fig. 18 given in
Table V. From their directions, partitions 1-3 danidentified
as incident, and partitions 4-6 as reflected. Theoining
wave system is at period 12s, and thus partitioagd.4 can
be characterised as primary (free) waves, parsitband 5 as
harmonic, sum of frequencies (bound) waves, antitipas 3
and 6 as superior order harmonics. When desigmngnargy
extraction system, two points should be kept indmin

Extraction of the incident power will decrease in
proportion to the available reflected power, uniges extent
of the extraction system is narrow enough for wateeget
around it and reflect,

» Bound waves energy is difficult to extract, thbusome
systems may benefit from the changes that theycmdu the
shapes of the primary waves.

TABLE V

SPLIT-OUT EVALUATION OF THE POTENTIAL WAVE ENERGY FOR A2M
INCOMING AT HIGH TIDE (TOTAL WAVE POWER OF22.3/KW/M).

Wave Incident waves systems Reflected waves systems
parameters o 11 Syst2 Syst3 Systd Syst5 Syst6
HmMO (m) 1.27 0.69 0.23 1.24 0.51 0.26
Tp (s) 12.63 6.24 410 1242 5.77 4.08
P (kW/m) 8.83 2.58 0.29 8.35 1.39 0.38

It can be seen from Table VI that the incident fresve

thosRer, the only part that can be straightforwareliyracted,

only amounts to one third to one half of the taihkerved
power in a directional spectrum. Yet, since compisidrom
opposing directions may cancel, directional specisaally
exhibit more power than point heave spectra, asbeareen
when comparing the two first columns of the table.

TABLE VI

INCIDENT AND REFLECTEDWAVE POWER (KW/M) AT Low TIDE, MID-TIDE
AND HIGH TIDE

Water level Total powerTotal powen Incident| Reflected

(1D) (2D) free free
Low tide (1.45m) 10.16 13.43 4.89 4.99
Mid-tide (3.07m) 16.72 19.58 9.41 7.15
High tide (4.75m) 16.30 22.37 8.83 8.35

Overall, the results indicate that the wave eneatggends
on the couple (HmO, Tp) and on the water level thdticed
variations of the breakwater exposition.

At low tide, the "fle aux vaches" shoal shelterse th
breakwater as it both focuses and dissipates errgugh
wave breaking. The breakwater is less exposed @asrsin
the following maps of water surface elevation aigghificant
wave height for the simulation at low tide (see.Fid and
12).

At high tide, the refraction weakens and some areas
become shoaling zones and make the breakwater more
exposed [9].
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Fig. 11: Water surface elevation for the simuladtow tide (HmO=2m,
Tp=12s, wave directioi=200°N and a low tide water level of 1.45m)
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Fig. 12: Significant wave height for the simulataiow tide (Hm0O=2m,
Tp=12s, wave directiofl =200°N and a low tide water level of 1.45m)

B. Results of Wave Energy Resource

The results of the 30 simulations at the 9 oupmints (see
Fig. 4) have been gathered. The missing wave podatr has
been extrapolated based on the obtained information

Below is an example of the results at ouput péjribcated
at 100m in front of the breakwater tip, in 5m defffy. 4).
The green cases in the 3 following wave power &plables

VII, VIII and IX) correspond to the results of thmodel
simulations and the neighbouring data that wasapgtated.
The yearly energy output has then estimated byipyitig the
wave power values by the occurrences correspordiigble
| that provides 3 intermediate yearly energy tables

Considering the water levels, a sum has beenexpplith
the following weight coefficients: low tide (0.3)mid-tide
(0.4), high tide (0.3), in order to put togethee tB energy
tables into a global yearly energy table (see TafjleTo
illustrate the importance of considering three wédegel, note
that for the wave class (2.50m — 3m50), the wageure is
increased by about 1.5 from low to mid tide but aéma
roughly identical from mid to high tide (see Tahid, VI
and IX). If only the mid tide water level was catesied the
resource would be spuriously biased high.

TABLE VII
WAVE POWER (KW/M) AT Low TIDE (WATER LEVEL 1,45M) AT POINT 4
Tp(s) 5 7 9 11 13 15
HmO (m) 7 9 11 13 15 17
55 6.5 15.27 8.33
4.5 5.5 23.43 19.06 14.70
3.5 4.5 28.00 2464 2286 21.07
25 35 16.94 2140 2585 26.65 2747
15 25 6.46 10.63 14.80 1750 19.34 21,36
0.5 15 0.77 2,77 4.77 5.90 7.02
TABLE VIII
WAVE POWER (KW/M) AT MID-TIDE (WATER LEVEL 3,07M) AT POINT 4
Tp (s) 5 7 9 11 13 15
HmMO (m) 7 9 11 13 15 17
5.5 6.5 58.14 5141
4.5 55 56.05 53.92 51.78
35 4.5 4389 47.24 4970 52.16
2.5 35 21.49 2996 3843 4548 52554
15 25 419 10.11 16.02 21.33 2586 3038
0.5 1.5 0.76 2.66 4.57 6.23 7.89
TABLE IX
WAVE POWER (KW/M) AT HIGH TIDE (WATER LEVEL 4,75M) AT POINT 4
Tp(s) 5 7 9 11 13 15
HmMO (m) 7 9 11 13 15 1y
5.5 6.5 165.36 194.91
4.5 5.5 105.02 126.33 147.65
3.5 4.5 46.73 7425 87.31 100.88
2.5 3.5 18.80 31.14 43.47 4829 53]12
1.5 2.5 2.87 9.20 1554 21.47 23.72 25|98
0.5 15 0.61 2.42 4.24 5.94 7.65
TABLE X
YEARLY WAVE ENERGY (MWH/M) AT POINT 4
Tp(s) 5 7 9 11 13 15
HmMO (m) 7 9 11 13 15 1y
55 6.5 0.00 0.00 0.00 0.00 1.67 2i34
45 55 0.00 0.00 0.00 2.50 5.08 5/09
35 4.5 0.00 0.00 1.72 6.31 10.75 6/15
25 35 0.00 1.45 3.88 11.46 14.31 559
15 25 0.43 3.07 6.56 15.83 11.49 308
0.5 15 0.17 2.26 6.11 7.42 272 0J00




As a result, at point 4, the sum of the valuesldisd in
Table X for the (HmO, Tp)-couples yields a meanyeanergy
E of 137.4Mwh/m, hence a mean wave power P of ¥8/ik
The yearly energy E and wave power P for the 9udyipints
of Esquibien, presented in Table XI show poweratans, P
ranging from 9.3 to 20.8kW/h depending on the locat

Surprisingly, the power values at points 3, 6 arade@quite
similar despite the large water depth differenctsvben these
3 points (depth ranging from 3 to 10m) [10].

TABLE XI
RESULTS FOR THEY EARLY ENERGY E (MWH/M) AND WAVE POWERP
(KW/M) IN EACH OF THE9 OUTPUT POINTS

Output 1 2 3 4 5 6 7 8 9
point

Yearly E = 99.9 819 135.9 137.4/123.4 174.4 83.8 176.2/181.9
(MWh/m)

P (kW/m) 114 9.3 155/ 157 14.1 19.9 9.6/ 20.1 20.8

V. RESULTS OFSAINT-GUENOLE NUMERICAL SIMULATIONS

A. Results of a Typical Simulation

The presented example of numerical simulation ubkes
following wave conditons: Hm0=2m, Tp=12 &;270°N and
a mid-tide water level of 3.07m.
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Fig. 13: Water surface elevation for the referesiomulation (at t= 40min,
HmMO=2m, Tp=12 s§=270° and a mid-tide water level of 3.07m)
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Fig. 14: Significant wave height for the referesaaulation (mid-tide level)
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Fig. 15: Modeled directional spectra at point 7mBiWASP (see Fig. 5) for
the reference simulation
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Fig. 16: Modeled directional spectra at point SMBiWASP (see Fig. 5) for
the reference simulation

TABLE XII
WAVE POWER PERUNIT CRESTLENGTH AT EACH OF THE8 OUTPUT POINTS
FOR THEREFERENCESIMULATION

Output point 1 2 3 4 5 6 7 8
P (kW/m) 31 7.7 86 88 102 82 405 265

The significant wave height map (Fig. 14) showst ttine
wave energy is dramatically reduced by refractiomd a
dissipation in the vicinity of the breakwater (3/kn at point
1). Conversly, the wave energy focuses in fronthef rocky
shoal at the southwest of the breakwater, with wewzower
per unit crest length of 40.5kW/m at output pointsée Fig.
15 and Fig. 5 for localisation).

This feature is explained by the strong bottonpslthat
causes the waves to refract and to shoal in tlgabme This
area is of great interest for Wave Energy Conver(&VEC)



deployment, as the wave height exceeds 3m overOm40and the postprocessing libraries used are effidieols that

distance. However, the wave energy is less dirégctfyont of

yield qualitative results of wave height and powier,the

the breakwater with wave height of only about 1&md wave vicinity of breakwaters. Wave modelling is thus eegous

power per unit crest length of 10.2kW/m at poinfsbe Fig.
16 and Table XII).
At low tide, the rocky shoal shelters the breakwas it

tool for the examination of wave energy resource.
The wave power values obtained in the vicinity bé t
breakwater: 11.4kW/m (Esquibien) and 2.4kW/m (Saint

focuses and dissipates energy through wave brealsgGuénolé), deserve to be compared to the initialemaower

shown in the following map of significant wave Hetidor the
simulation of a 4m incoming HmMO at low tide (seg.Hi7).
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Fig. 17: Significant wave height for the simulatigfm0=4m, Tp=14s,
6=270°N and a low tide water level of 1.45m)

B. Results of Wave Energy Resource

The data analysis has been performed with theepoe
applied for Esquibien and described in the previsestion.
The results were put together in a single table, rifissing
values being extrapolated from results of
simulations.

The result for the yearly energy E and wave pdwéar the
8 output points of Saint-Guénolé, presented in &aXlll
show power variations, P ranging from 2.4 at pdirflocated

in front of the breakwater) to 33.6kW/h at pointpfaced just
off the steep rocky shoal. The power values attpdirto 6 are

quite close, despite the water depth differenceso(20m)

between these 5 points. Points 7 and 8 are the emesgetic [4]
points. Their locations, near the shoal, in thettseast of the
breakwater favors wave power focusing. Data from an

ongoing field experiment at Saint Guénolé shouldvalto
verify these features.

TABLE XIII
RESULTS FOR THEY EARLY ENERGY E (MWH/M) AND WAVE POWERP
(KW/M) IN EACH OF THE8 OUTPUT POINTS

Output 1 2 3 4 5 6 7 8
point

Yearly E 209 522/ 76.9| 73.0/ 828 77.2 294.1 209.8
(MWh/m)

P (kW/m) 24 60 88 84 94 88 336 239

VI. CONCLUSIONS

This study has allowed to characterise the waveggne

resource of Esquibien and Saint-Guénolé spots aasl
confirmed their high energetic potential. The SWASKddels

available
[1]

levels produced by a regional wave hindcast andegmted in
[1]: 6.9kW/m (Esquibien) and 21.1kW/m (Saint-Guéol
The wave field from the regional model were propedavith
a simplified formulation of Goda [1], which may éam the
observed discrepancies.

The significant differences in wave power betweerthb
studies demonstrate the relevance of runing a fegblution
deterministic model for nearshore wave resourcessssent.

Further information on the wave energy resourceanthe
model accuracy will be available, as in-situ meaments
collected with pressure sensors and wave buoysyeglat
Esquibien and Saint-Guénolé sites.

Research efforts are currently conducted with ah hig
resolution (20m resolution at the shoreline) satiodel to
further consolidate the present results.
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