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Introduction

Seabed Structure

Tidal energy site characterisation typically concentrates on
quantifying the extractable energy resource. For energetic sites,
such as the Pentland Firth (Scotland, UK), the upper limit to this
resource is likely to be determined by environmental or economical
constraints. The relationship between the flow and the wider
environment, however, is not well understood. Site assessment
should, therefore, consider the whole environment including the
relationship between the flow, seabed structure, and morphology.
Here, based on [1], we provide a much improved description of
the characteristic features of an important tidal energy site - the
Inner Sound of Stroma (Pentland Firth). This will ultimately aid in our
understanding of the potential impacts from tidal-stream energy.

The seabed was imaged by performing surveys with a
sidescan sonar. Subsequent pixel grey-scale and multivariate
statistical analysis were used to identify different types of
substratum in the area [1,2]. For comparison, a sand transport
model was incorporated into the calibrated hydrodynamic
model to predict the likely areas of erosion or accretion of
sediment under the actions of the tidal streams [1].
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Hydrodynamics
Tidal stream velocities were measured during different tidal
stages using a vessel mounted Acoustic Doppler Current Profiler
(ADCP). Resulting data were linearly interpolated and corrected for
tidal phase [1,2]. In parallel, a high resolution numerical model was
constructed and calibrated against in situ tidal stream
measurements [1,3].
Tidal streams were found
to
be
extremely
fast,
a
reaching up to 4.5 ms-1 at
spring tide and 2.7ms-1 at
neap tide (Fig.1). The fastest
streams were found in
channels with water depth ≥
30m.
Severe
velocity
gradients
and
opposed
current directions indicated
b
the formation of eddies in the
shallower channel margins.

Fig. 1 Mapped tidal stream velocities (ms-1)
a) spring, flood and b) neap, ebb tide.

Fig. 2 Water depth with residual current
field

Distinct spatial separation
and asymmetry between the
main routes of flood and ebb
tides were also detected.
The residual (flood-ebb)
current field
from the
numerical model shows the
deflection
of
the
tidal
streams in response to
changes in bathymetry (Fig.
2). This produces a cyclonic
current field centred between
the flood and ebb tidal
streams.
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Fig. 3 Sidescan sonar mosaic showing
different seabed textures A to E.

Fig. 4 Model predictions of accretion
(red) and erosion (blue) of sand

Sidescan sonar surveys
provided an indication of
the differences in seabed
structure. Analysis revealed
a separation of data into
two main groups (Fig.3).
The first, containing areas
C and E, is expected to
represent bedrock. The
second, including areas A,
B and D, can be associated
with sediment deposits.
Direct groundtruthing is
necessary to gain certainty
in these interpretations.
Predicted
areas
of
erosion and accretion from
the sand transport model
displayed good qualitative
agreement with sidescan
sonar observations (Fig.4).
An interesting feature was
the wedge of sand that
formed around area B
(Fig.3). This was positioned
between the main routes of
the flood and ebb tides,
where a cyclonic residual
current field was identified
(Fig.2).

Conclusions
Current patterns and seabed structure can be clearly linked. In
regions exhibiting fastest tidal streams, bedrock is present. Sand
accumulates at the channel margins where eddies form during both
flood and ebb tides. A wedge of sediment also forms due to
asymmetry between the main routes of the flood and ebb tide.
Future work will link site characteristics to species and habitats,
and as in [3], investigate sensitivities extraction scenarios. This will
allow us to generate better hypotheses about the possible physical
and ecological impacts arising from tidal stream energy devices.
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