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* Focus for UK marine energy development

* Meygen deploying 4 x 1.5 MW turbines now ..... first of 268 ??
« Meygen Phase 1. 6 MW (4 turbines)
Phase 2. 86 MW (57 — 80 turbines)

Map of Pentiand Frth and Orkney smters projects
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eri
To develop an accurate and robust hydrodynamic model of the
region

To allow accurate resource assessment

To develop a tool capable of optimising the layout of tidal turbine
arrays.

To predict potential effects on the ambient environment of tidal
energy extraction prior to the deployment of large scale arrays.

To provide “operational” modelling of the Pentland Firth for the
marine energy industry
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« The River and Coastal Ocean Model (RICOM);
«  Proprietory code developed at NOAA and NIWA,;
« Basic finite element model using unstructured grids;

. Uses mixed finite element/finite volume methods to conserve mass;

«  Solves the Reynold-averaged Navier-Stokes equations, using hydrostatic
and Bousinesq approximations;

«  Employs semi-implicit and semi-lagrangian techniques to solve the free
surface and momentum equations;

Model is fast, robust and accurate, ideal for use on desktop computers and
small clusters;

*  Previously applied to tsunami, storm surge and tidal modelling;
 Recently applied to tidal energy problems in Canada and New Zealand.

References
Walters, R. A. (2005). Coastal ocean models: two useful finite element methods. Continental Shelf Research, 25(7), 775-793.

Walters, R. A., Gillibrand, P. A., Bell, R. G., & Lane, E. M. (2010). A study of tides and currents in Cook Strait, New Zealand. Ocean
dynamics, 60(6), 1559-1580.

Plew, D. R., & Stevens, C. L. (2013). Numerical modelling of the effect of turbines on currents in a tidal channel-Tory Channel, New
Zealand. Renewable Energy, 57, 269-282.

Walters, R. A., Tarbottom, M. R., & Hiles, C. E. (2013). Estimation of tidal power potential. Renewable Energy, 51, 255-262.



®
Hydrostatic and Boussinesqg assumptions are made er'

ow

Continuity equation: v.y+-—-—-2=0
0z
Du 0 ou
Momentum balance: —+ Zxu+oVn—-— A — |-V (AVu)l+F=0
Dt ﬁ Y] oz\ "V oz ( ! )

n
Free surface equation: % _ V-Uudz] =0

Bed stress: 1, =pC,u, ‘ub‘



Scottish Continental Shelf Grid
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Turbines implemented through a form drag term in the momentum

equation:

1
F, = E@ATCT\UR\UR

In 3D, FD must be located in the appropriate vertical layers:
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18/02/2013 — 24/03/2013 0 N/A 0 N/A

18/02/2013 — 24/03/2013 1 1.5 1.5 Constant

18/02/2013 — 24/03/2013 1 1.5 1.5 Variable

18/02/2013 — 24/03/2013 4 1.5 6 Constant

18/02/2013 — 24/03/2013 4 1.5 6 Variable

18/02/2013 — 24/03/2013 57 1.5 85.5 Constant

18/02/2013 — 24/03/2013 57 1.5 85.5 Variable

Depth (m)

Stroma

Latitude

58.64

Caithness -.:-
Depth (m): -50 -40 -30 -20 -10 0
58.63 L I L L L L I L L L J
-3.2 -3.15 -3.1

Longitude



Model calibrated against sea
surface height data

Skill scores > 0.9

M, tide amplitude error ~ 4 cm
M, tide phase error ~ 3°

Best fit with C; = 0.004

Comparison with ADCP data
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Results

Near-bed velocity fields
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Effects of 86 MW turbine array

Near-bed velocity

Difference between 57 and no turbines
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Effects of 86 MW turbine array erienvmmem,

Bed shear stress

Difference between 57 and no turbines
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Maximum near-bed speed
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No. turbines: 1 4 57
8 8 4
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Model reproduces the tidal dynamics through the Pentland

Firth and Inner Sound with acceptable accuracy.

Deployment of 86 MW array likely to displace the location of
the jet through the Inner Sound.

Near-bed velocity modified by up to 0.8 m s-L.
Bed shear stress values modified by up to 8 Pa.

Monitoring of nearby sand and shell banks could provide
useful data for future modelling studies.



X-Band Radar Deployments

Falls of Warness, 8t — 12t July 2016
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@ Sea State from Radar
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4 days of continuous data (12 — 15 July)

239 data files
953 GB of data

To extract gridded velocity fields throughout deployment
period

To analyse the data

To develop methods to couple data with numerical model
results
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Impacts of turbines on residual flows

Sediment transport pathways
Improve turbine parameterisation

Investigating wave-current interactions in highly dynamic areas
PhD student, Clare MacDowall, started 15t October
Observations (X-band radar) and modelling

Develop a predictive model

Hydrodynamic model currently running “operationally”
Implement “operational” SWAN model
“Operational” wave-current forecasts

Calibration/validation of modelling system
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Avoids deployments of instruments in dynamic environment
Provides wide coverage

Discussions between UHI and HWU (David Woolf, Susanna
Baston)

Options for CODAR installations considered with Jorge Sanchez
(Qualitas Remos Ltd).
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Monitoring most of the west coast south of Galway and up to
70 km offshore, including:

= |nner Galway Bay (High resolution 300m. 26 MHz systems)
= The West-wave National Test site

= Coastal waters West of Clare



Potential radial coverage (lll). 26 MHz*
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Potential total coverage (lll). 26 MHz

Pentland Firth

One radar at . 3 X 26 MHz stations
Cantick Head . (25 Km range)
Lighthouse L Bl - Spatial resolution
= 300m -1km
(depending on allocated
bandwidth)

One radar

at Stroma
Lighthouse
One radar at
Dunnet Head
Lighthouse ‘
W (ﬁl:eswick
"'\._”,,[:,",\_() - "_ff._x""“'wrﬁﬂoc/;;tletown {{
,hurso Data SIO aiimicrfogle GA, GERCO
> ] ata SIO, N ,(L!. - Navy, NGA,
mage © ',‘[;),iia obe /
: i e Google earth

4
; | C\\Neydale : x
% @ Imagery Date: 12/14/2015 | 58°41'56.58" N 3°10'32.25"W elev -43m eye alt 53.75 km ()



Potential radial coverage (lll). 13 MHz"
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Pentland Flrth
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