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Abstract:

This deliverable, a numerical model of the Pentland Firth has been developed using an ADCIRC DG code.
Bathymetry data has been taken from Seazone and tidal boundary data taken from le Provost. The tidal dynamics
of the Pentland Firth and surrounding area of the Orkney Isles is extremely complex. In developing the model a
pragmatic approach of not trying to model every detail of the flow through the Orkney Isles but instead focusing on
the modelling of the tidal dynamics in the main Pentland Firth. The model has been compared to available
measurements and there is good agreement on both the amplitude and phase of water level between
measurement and model.

Context:

The Performance Assessment of Wave and Tidal Array Systems (PerAWaT) project, launched in October 2009
with £8m of ETI investment. The project delivered validated, commercial software tools capable of significantly
reducing the levels of uncertainty associated with predicting the energy yield of major wave and tidal stream energy
arrays. It also produced information that will help reduce commercial risk of future large scale wave and tidal array
developments.
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Executive summary

A numerical model of the Pentland Firth has been developed using an ADCIRC
DG code. Bathymetry data has been taken from Seazone with tidal boundary data

taken from le Provost.

The model has been compared to the available measurements. Given the
complexity of the flow in the Pentland Firth the agreement is excellent. There is
good agreement on both the amplitude and phase of water level between
measurement and the model. The discrepancy between measurements and
model in the dominant east/west current is small. There is substantial
discrepancy in the comparatively small current in the north/south direction. The
reasons for this are not understood. However, this would not significantly effect

the modelling of the tidal energy resource.
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Acceptance criteria

Acceptance criteria for this deliverable are set out in Table 1.

Acceptance criteria Location in report

Report describes calibration | Whole report
methodology and quantifies model
performance (and errors/sensitivities)
of key parameters e.g. bed friction and

horizontal eddy viscosity.

Input files in format to be agreed Input files are attached seperately

Table 1 Acceptance criteria

The attached input files (fort.14, fort.15 and fort.dg) have had the proprietary
bathymetric data removed and replaced with freely available bathymetry from
GEBCO. The data used for these simulations may be acquired from Seazone (now
part of HR Wallingford). The forcing boundary conditions are set so that the

model simulation starts on 31 December 2012.
Model set-up and parameters

Introduction

The tidal dynamics of the Pentland Firth and surrounding area is extremely
complex. In developing a model for the region we have adopted a pragmatic
approach of not trying to model every detail of the flow through the Orkney Isles
but instead modelling the tidal dynamics in the main Pentland Firth. There are

two reasons for adopting this pragmatic approach:

1. Computation time — The model will take significant time to compute.
Having a fast simulation will allow more investigation of the physics
both with and without energy extraction. Thus we wish to use the
fewest elements that still allow us to capture the essential features of
the physics. It is also important not to use elements that are too small

in size, as this will necessitate a small time-step.
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2. Limitations of depth-averaged models — The limitations of depth-
averaged modelling are discussed at length in WG3 WP6 D2. Depth-
averaged models cannot accurately reproduce all the complex flow
features in the Pentland Firth. For instance vortex shedding from the
islands is poorly modelled by depth integrated code (Stansby, 2006).
Therefore, using a depth-averaged model to try to capture such details
would simply give a spurious impression of accuracy which was not

justified.

We choose not to model (effectively we just close off) any channel with a cross-
sectional area less than 10,000 m2. By comparison the cross section of the
Pentland Firth is ~1,000,000 m2. This simplifying assumption should therefore
cause negligible effect on the predicted current passing through the main

channel.

Mesh

The coastline was extracted from the bathymetry using a contouring algorithm
in Matlab, with the results then edited by hand to address anomalies and special
cases. Meshing was then carried out using SMS — again manual edits were made
to the mesh to improve its characteristics. The smallest elements are ~200 m
and the largest ~10 km. Small elements are used in the Pentland Firth itself with
large elements in the deep water or in the Moray Firth (which is far enough from
the possible location of turbines that the tidal dynamics does not need to be

highly resolved).

The mesh is shown in Figure 1 with more detail in Figure 2. As part of this

deliverable the mesh is supplied electronically as a fort.14 file.
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Figure 1 Mesh used for Pentland Firth model
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“forced” at any open boundary by specifying

the amplitude and flux. These are typically derived from a lower resolution
model covering a larger area. The values must then be interpolated (both
A number of tidal databases exist — some of which are openly available whereas
others are charged for. In this work package we have opted to use the Le Provost
database (Le Provost et al., 1995). Figure 3 shows the coverage and resolution of
this database. The choice of the Le Provost datatbase was motivated by the
existing integration of this database into the meshing software SMS (Militello &
Zundel, 1999) which will be used in this work package (as demonstrated in WG3
WP6 D2).

Not to be disclosed other than in line with the technology contact

Figure 2 Detail of mesh around Pentland Firth
spatially and temporally) for input into the model.

Numerical models of tides must be

Boundary conditions

Tidal forcing



The Le Provost database gives the values of 13 principal tidal constituents (2N2,
K1, K2, L2, M2, MU2, N2, NU2, 01, P1, Q1, S2, T2): see Militello & Zundel (1999)
which are sufficient for modelling the tidal dynamics. It should be noted that
high-harmonics (over-tides) are significant in areas of strong current such as the
Pentland Firth, which has significant M4 and M6 components. These components
are generated by the local bed friction and geometry and thus do not need to be

fed in at the boundary.

Figure 3 Coverage of Le Provost databse

Bathymetry

As set out in WG3 WP6 D3 bathymetry data has been derived from Seazone.
Details of these data are given in Appendix 1. To remove the need for the
computationally expensive wetting and drying a minimum depth of 2m (to still
water level was applied). Very few nodes had their value modified by the
application of this criterion!. The bathymetry was interpolated using linear

interpolation. The bathymetry of the final grid is shown in Figure 4.

Due to restrictions on the onward transmission of bathymetry it has been agreed
that the proprietary Seazone data will be replaced by freely available data from

GEBCO (Monahan, 2008). The depth of the nodes for this is shown in Figure 5.

1 When the same criterion was applied to the coarse GEBCO data more cells
(particularly between the islands of the Orkneys) had their values modified.
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Figure 4 Depth of the nodes (m). Nodes shown with black dots
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Figure 5 Depth of nodes on GEBCO mesh (delivered to ETI). Nodes shown with black dots
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