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Future installations of wave energy converters will have
the effect of reducing wave heights behind arrays at
specific frequencies and times within the year. Highly
dependant upon array offshore distance these
attenuations to the wave regime could significantly reduce
on-shore wave breaking and thus modify the natural
environment that littoral species are adapted to.
A way of measuring on-shore wave action has been successfully
developed with the aim of assessing to what extent biological
communities could be effected, but when faced with the possibility of
other anthropogenic stress such as climate forcing and ocean
acidification we still need to understand what other sources of
disturbance could be a cause of any observed biological change.
Figure 1. Exploded view of the Terobuoy

The new ‘Terobuoy’ device invented at
Heriot Watt’s Orkney Campus, can provide
for the first time, not only an economical
quantitative measure of wave energy
impacting along the shoreline but providing
its mean directional characteristics as well.
Further, when supported with local
bathymetric data the results produced by
these devices could be used to assess the
average wave energy in offshore locations.
Installing a line of units at fixed spacing
along the shoreline could also cheaply
provide a concurrent averaged total
measurement for an extensive length of
coastline.

Figure 6. Billia bathymetry

Figure 7. Tidal data adjusted for air pressure data

Wave Directions: Results from the Lang Tainga units, with an aspect direction
overlap of 30°, show both units indicating a peak wave direction of approximately
300-310° This correlates very well with concurrent EMEC wave data located 1.8km
from the shore site. Marwick Bay units are also similar to each other but with both
units showing a more westerly direction of 260°. At this location the wave direction
is subject to a more complex modification by a close-shore bedrock reef
approximately 70m from the test site. Waves are diffracted to the left by the reef
and so would appear to originate from a more westerly direction. Shoreline energy
level increase when the direction become perpendicular to the shoreline (Fig 5).

Figure 8. Directional
components of block
data over the test
period.

Ecological Effects

Figure 2. Billia Croo test site

Figure 4.

Figure 3. Test site locations.

Figure 5.

Wave energy: The four Terobuoy units compared in these results, two at Billia Croo
(A & B) and two at Marwick Bay (C & D), initially show a disparity in energy levels
between sites in February to March (figure 4) coinciding with higher significant wave
height (Hs) from wave-buoy data. It is assumed that there is no significant
difference of off-shore wave climate adjacent to the sites which are 14km apart as
wave frequency is low and bathymetry is very similar up to the 50m isobath as
indicated on navigational charts. Terobuoy results of block mass loss per day are
plotted with two week average significant wave height (Hs) from 5 years of EMEC
data (2003-2007) show good correlation with oscillations over the same period of
year. The height of units C&D are at mid tide level whereas A&B are within the
variable high tide level. This has a significant difference to the results. To help
understand this variation total times of submersion are calculated from modelled
tidal data (POLPRED) and atmospheric pressure data (Fig 7).
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Species most susceptible to wave regime changes will be those at the limit or
extents of their distributional range and ecological niche. Such as the brown algae
Fucus distuchus shown in figure 9. Their distribution is manifested by both
physiological stresses and competition with other species. Any reduction in wave
energy will enable other species, particularly algae, to overwhelm the pre-existing
individuals leading to a loss of the original species which would be a matter of
importance if protected rare species were involved. Baseline surveys of indicator
species are being used to investigate the influence of reduced energy levels and
its effect on the ecology of the shoreline adjacent to WEC arrays as part of
ongoing SuperGen II research at ICIT.
The data acquired from the
deployment of Terobuoy devices
will be correlated with a series of
field
studies
of
biological
communities and the current
inadequate qualitative method
(Lindegarth & Gamfeldt, 2005) of
wave ‘exposure’, part of the
EUNIS (habitat and biotope
classification system), used by
the Joint Nature Conservancy
Council (JNCC) and which
underpins the NATURA 2000
special areas of conservation
(EEA, 2008).

Figure 9. Algal species Fucus distuchus
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