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The reliable characterization of metocean conditions in a test site is a must:
WHY? DESIGN: Environmental loads, Mooring design, anchoring systems …
Experimental testing: O&M strategy …

 One of the most energetic areas of the Basque Country.
 Sea characteristics are ideal for testing new MRE devices.
Key characteristics:

To determine the available power potential

MOTIVATION

bimep test site

Metocean information according to international standards is requested
An advanced metocean assessment methodology for waves, currents and
wind in BiMEP test site is being developed in the TRL+ project framework.
TRL+ is a National research project (RTC-2015-3836-3) funded by the Spanish
Ministry of Economy and Competitiveness (MINECO).
Hybrid methodology combining instrumental data and numerical modelling:
• Leading numerical methodologies with high spatial and time resolution.
• Instrumental databases used for the validation.
• Once validated, models are exploited to assess the resource
characterization in BiMEP.
As a result, high quality information will be generated in order to contribute
to the efficient design of MRE devices.

• 20 MW of power.
• 4 connection points for WECs.
• Easy WEC installation, testing and
operation.
• Equipped with modern subsea
infrastructure for onshore grid
connection.
• Comprehensive remote
monitoring/control system for
analysis of test data.
Brief description:
• Surface = 5.3 km2
• Nearest point to land: 1700 m away.
• Depth range: 25-95 m
• Depth at the four installation positions: 50-80 m
• Seabed: mainly sands (southeast: rocky seabed).

Wave resource assessment

• SWAN model (Simulation Waves Nearshore; Booij et al., 1999)
version 41.01 has been used.
• Two computational grids have been constructed: a general grid (≈ 500
m resolution) and a nested grid (M) around the BIMEP site with
higher resolution (≈50 m) to better resolve refraction and bottom
friction.
• Based on altimetry data, the spectral component wave heights are
directionally corrected in the boundaries following the procedure
described in Minguez et al., 2011.

Annual and monthly cumulative distributions of
the wave power at the BIMEP buoy location.

Mean annual wave power rose at
the BiMEP buoy location.

(b) Scatter plots of the modeled wave parameters compared
with buoy measurements.

(a) Validation against BiMEP buoy: Time series of Hs, Te, J .

• Boundary data from CFSR (Climate Forecast System, Saha et al., 2010), the latest reanalysis product from NOAA-US.
• Static data from MODIS (Moderate Resolution Imaging Spectroradiometer).
• Three domains: resolutions of 9 km, 3 km and 600 m in the test site.
• Wind speed and direction at five different heights produced hourly: 10, 55, 90, 120 and 150 m.
• Two in-situ buoy records and altimeter data from Satellite for validation (focused on 10 m wind speed and direction).

• Based on validated numerical modelling the wind climate scenario is characterized.
• The BIMEP area is dominated by the west northwest directions, being the south to west
winds those that can reach stronger intensities (up to 30 m/s).

Example of the high spatial variability induced by the sheer inland orography
under south winds situations.

Design conditions

Scatter and quantilequantile plot of modelled
against observed wind
speed at Bilbao buoy
location

WIND

Return level plot of Hs (m) and Te (s) at te BiMEP
site for the 31-year wave hindcast.

Wind resource assessment

• A historical wind dataset for the period 1985-2015 reconstructed, using the limited area model (LAM), WRF-ARW.

Numerical modelling of current conditions

• Extreme wave conditions are estimated for significant wave height and energy period
spectral parameters at the BIMEP buoy location.

Maps of the mean annual wave power (left) and maximum wave power (right)
determined from the 31-year wave hindcast. The black circle indicates the BiMEP
buoy position, color bars are in KW/m.

Numerical modelling of wind conditions

Correlation (above)
and wind speed bias
(below) of the wind
hindcast compared
with altimeter data
from 1993. The red
dot indicates the
BiMEP site location.

Design conditions

Scatter table Hs-Te summarizing the wave climate at the BiMEP buoy based on
modelled data from 1985-2013:

Spatial domains of the wave downscaling (high
resolution domain is ≈ 50 m.) and depth, in
meters.

Time series of the modelled (red) and measured (blue) winds at
the BIMEP buoy location.

NUMERICAL MODEL VALIDATION

Resource assessment

Numerical modelling of wave conditions

WAVE

 BiMEP site is that it is widely monitored:
• Bimep WAVESCAN buoy.
• REDEXT Bilbao-Bizkaia buoy.

Mean annual wind roses at 90 m above MSL in the BIMEP site.

• Extreme wind conditions are estimated for the 10 min time
resolution at 90 meters height above the BIMEP buoy location.

Maps of the mean annual wind speed in m/s (left) and mean wind energy
density in KW/m2 (right) at 90 m above MSL determined from the 31-years wind
hindcast. The polygon is the BIMEP site.

Currents characterization

Return level plot of wind speed at 90 m height at BIMEP location.

(At this stage, prelimminary instrumental data are shown)

• A high resolution 3D currents and sea level hindcast is being generated using the
ocean model ROMS (Regional Ocean Modelling System, http://www.myroms.org).

CURRENTS

• ROMS is a free-surface, terrain-following model that solves the Primitive Equations,
based on the Boussinesq approximation and hydrostatic vertical momentum balance.
• ROMS model is forced with surface wind stress and sea level pressure fields from the
atmospheric reanalysis generated within this study.
• Sea level variability due to astronomic, atmospheric and termostheric processes are
analysed.

Monthly gathered currents at a depth of 13 m (Feb-Nov 2010). The red
horizontal line on the box represents the median, the edges of the box are the
25th and 75th, and red crosses are velocities larger than q3+1.5(q3 - q1) or smaller
than q1-1.5( q3- q1), being q3 and q1 the third and first quantiles, respectively.

Probability density function of the currents registered at the
oceanographic buoy from Feb to Nov 2010. Each line represents the
probability density function at a specific depth.

• As a result of the numerical modelling, sea level and 3D currents are obtained and
stored every hour at 100 m of horizontal resolution.

Probability distribution function of the total sea level (m) registered by
Bilbao tide gauge for the period 1992-2009. The shape of the curve
indicates a bimodal distribution, with the most probable levels at
mean high water neaps and mean low water neaps. The tidal range is
over 4 m.

• At this stage, instrumental data are used for preliminary currents characterization.

CONCLUSIONS

Rose diagram of the currents registered at the oceanographic buoy from
Feb to Nov 2010. Direction and magnitude distribution of the currents
near the surface : 13 m depth (left) and 67 m depth (right) .

Cumulative distribution function of the total sea level (m) at Bilbao tide gauge
for the period 1992-2009. 80% of the time the sea level is under 1 m.

Realistic metocan characterization of test sites is a crucial aspect for efficient MRE engineering.
In this work an instrumentally validated resource assessment analysis is being developed for bimep site.
WAVE, WIND and CURRENTS are addressed, since they are crucial for:
• Protype design.
• Operation and Maintenance estrategy during testing.
The methodology deveoped is not site dependent and it will be aplicable for any other test site.
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