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4 MARINE SEDIMENTS

4.1 SUBTIDAL

4.1.1 Introduction

Sub-tidal surveys of the North Hoyle site and its surrounding area were undertaken by the
Centre for Marine and Coastal Studies (University of Liverpool) during August 2001 and
involved sampling at 55 sites across the area using a combination of Day and Anchor grabs.
These provided data on the baseline conditions based upon information regarding the benthic
infaunal community and superficial sediments for the general area. This baseline information
was then used to select 17 sites to be used for monitoring purposes. Pre- construction
surveys were then carried out during September 2002 at these monitoring sites and (under
the sampling plan agreed with CCW/CEFAS) again during October 2003 the Centre for
Marine and Coastal Studies (CMACS Ltd) undertook surveys at the same 17 monitoring sites
to obtain data to identify any changes which may have occurred in the biota and sediment
characteristics during the construction period. At the time of survey all the piles had been
installed, the majority of the turbines were completed, the main cables to Rhyl were installed,
and a proportion of the inter-array cables were in place. The sites used for the pre-
construction and construction surveys (2002 and 2003) are displayed in Figure 4.1. Sites 1 to
17 were sampled during the pre-construction surveys (2002) and sites 18, 19 and 20 are
additional sites for the 2003 construction survey taken in close proximity on the westward side
of turbine number 18. Figure 4.1 also includes the position of the wind turbines in relation to
the grab sites, the route of the main cable and the array cables, as they were when the survey
was undertaken. This following section presents the findings of the benthic grab surveys for
sediment undertaken during the construction phase of the wind farm (March 2003 to March
2004) and discusses any obvious differences between this and the pre-installation surveys of
2002, the results of which were presented in the FEPA monitoring report 2003.

Figure 4.1 Location of Sediment Grab Sampling Sites
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Sieve Size (mm)

Site no 9.5 5.6 4 2 1 0.600 0.425 0.300 0.212 0.150 0.063 <0.063

1 0.0 0.0 0.0 0.0 2.2 3.8 16.1 51.2 22.7 3.5 0.4 0.0

2 31.8 5.6 2.5 1.4 3.0 1.3 2.5 34.3 15.5 1.8 0.4 0.0

3 3.6 9.6 36.0 22.1 6.6 8.1 3.7 6.4 3.4 0.4 0.1 0.1

4 0.0 0.0 0.3 0.5 0.3 0.2 22.0 49.5 22.9 3.7 0.4 0.1

5 35.0 25.4 8.9 12.8 6.7 4.6 0.8 3.0 2.4 0.4 0.1 0.0

6 0.3 0.1 0.4 0.1 0.1 0.1 3.5 63.0 27.9 4.3 0.2 0.0

7 0.0 0.0 0.0 0.0 0.1 0.2 5.9 63.9 27.3 2.2 0.5 0.0

8 28.5 9.1 5.1 7.3 2.2 0.9 1.1 7.2 25.2 12.0 1.4 0.1

9 0.1 0.0 0.1 0.2 0.2 0.2 0.2 2.9 46.5 41.1 8.5 0.0

10 3.0 12.4 10.2 25.4 23.0 12.7 7.3 2.9 1.6 1.1 0.4 0.0

11 0.0 0.0 0.1 0.4 0.5 1.6 4.1 37.9 44.7 9.6 1.0 0.0

12 0.0 0.0 0.0 0.2 0.2 0.3 0.8 11.3 9.7 71.7 5.7 0.0

13 2.8 0.4 0.2 0.2 0.3 0.1 1.5 39.1 35.1 16.0 4.3 0.0

14 60.8 0.9 0.3 0.4 0.8 2.9 3.5 15.4 13.1 1.7 0.1 0.0

15 0.2 0.1 0.3 3.4 4.9 6.2 17.2 52.2 12.5 2.4 0.6 0.0

16 0.3 0.7 0.4 0.4 0.4 0.6 5.2 45.5 35.9 8.8 1.9 0.0

17 0.0 0.0 0.0 0.1 0.3 0.6 6.9 25.4 50.8 14.7 1.3 0.0

18 4.4 10.9 10.7 24.2 20.5 12.1 2.3 3.9 7.6 2.9 0.3 0.0

19 5.9 13.5 14.5 28.2 14.1 8.2 5.8 5.2 3.9 0.6 0.0 0.0

20 7.5 11.2 9.7 25.7 20.0 12.6 5.2 3.5 3.5 0.3 0.6 0.0

Table 4.3 Volume of sediment sample retained on each sieve (%)

Site Mean phi Mean
mm

+/- 1
std

Skewness Kurtosis Classification after Buchanan Folk Triangles after
JNCC

1 1.51 0.35 0.49 -0.08 1.35 Well sorted medium sand Sand

2 -0.19 1.14 2.27 -0.76 0.49
Very poorly sorted medium sand with
stones Gravelly Sand

3 -1.28 2.43 1.48 0.59 1.04
Poorly sorted granule and pebble with
some sand Sandy Gravel

4 1.52 0.35 0.44 0.03 1.08 Well sorted medium sand Sand

5 -2.39 5.23 1.54 0.50 1.13 Poorly sorted pebble Gravel

6 1.65 0.32 0.33 0.25 0.86 Very well sorted medium sand Sand

7 1.63 0.32 0.33 0.19 0.97 Very well sorted medium sand Sand

8 -0.80 1.74 2.42 0.11 0.50
Very poorly sorted fine to medium sands
with pebbles Gravelly Sand

9 2.25 0.21 0.42 0.21 1.08 Well sorted fine sand Sand

10 -0.97 1.97 1.44 0.07 0.89
Poorly sorted very coarse sand and
granule Sandy Gravel

11 1.78 0.29 0.43 -0.05 1.03 Well sorted medium sand Sand

12 2.33 0.20 0.42 -0.38 1.78 Well sorted fine sand Sand

13 1.85 0.28 0.50 0.11 0.97 Well sorted medium sand Sand

14 -1.83 3.55 2.30 0.83 0.49 Very poorly sorted cobble with some sand Sandy Gravel

15 1.30 0.41 0.69 -0.41 1.94 Moderately well sorted medium sand Sand

16 1.73 0.30 0.45 0.09 1.07 Well sorted medium sand Sand

17 1.84 0.28 0.45 -0.15 1.13 Well sorted medium sand Sand

18 -0.83 1.77 1.67 0.17 0.95
Poorly sorted coarse sand and granule
with stones and finer sands Sandy Gravel

19 -1.14 2.20 1.61 0.25 0.94
Poorly sorted coarse sand and granule
with stones and finer sands Sandy Gravel

20 -1.09 2.12 1.59 0.08 0.95
Poorly sorted coarse sand and granule
with stones and finer sands Sandy Gravel

Table 4.4 Summary Statistics for sediment data
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From the results in Tables 4.3 and 4.4 it can be seen that the inshore sites are mostly well
sorted medium or fine sand (16, 13, 17, 11, 12, 6 and 7) with mean particle sizes between 0.2
and 0.3mm. This is expected, as the majority of these sites are located upon shallow sandy
areas. Many of the sites within the wind farm itself sites 18, 19, 20, 3 and 5 are much coarser
with mean particle sizes ranging between 1.77 and 5.23mm, containing more gravel, stones
and poorly sorted coarser sand. Site 4 in the eastern section of the wind farm is similar to site
6 (located to the east of the wind farm area), both consisting of well sorted medium sand, and
site 1 at the north of the wind farm area is more similar to site 15 (well sorted medium sand)
than to the gravel areas located to the sites immediately south.

Table 4.5 displays these results alongside those of the 2002 survey. From this table it can be
seen that at sites 3 and 5 within the wind farm the sediments were coarser in 2003 than in
2002. Conversely, at site 4, also within the wind farm, sediments were finer in 2003,
changing in definition from gravel to sand. Overall, the results were mostly similar for both
years with any changes still being contained within the confines of the previous sediment
description resulting in similar sediment patterns for 2003 as for 2002. A large decrease in
particle size was also observed at site 11 in 2003 where the sediment had also changed from
gravel to sand. Site 14 became gravel dominated in 2003 as opposed to large pebbles in
2002. Sites 18, 19 and 20, where the sediment was very coarse, were not sampled in 2002.
However, the original geophysical survey carried out in July and August of 2001 described
this area as consisting of gravelly sand stretching several kilometres east to west with areas
of megaripples approximately 150m to the north and patches of megaripples approximately
200m to the south. Sandier areas (as deduced from the presence of smaller scale sand
ripples) were not present within several hundred metres (Fugro-UDI, 2001). The 2003 data is
thus consistent with what was already known about the area.
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Table 4.5 Statistical summary for 2002 and 2003 sediment data

Site 2002
Mean
phi

2003
Mean
phi

2002
Mean
mm

2003
Mean
mm

2002
+/-1

s.d.

2003
1 std

2002
skewness

2003
skewness

2002
kurtosis

2003
kurtosis

2002
Classification after
Buchanan

2003
Classification after

Buchanan

2002
Folk

Triangles
(JNCC)

2003
Folk
Triangles
(JNCC)

1
1.212 1.51 0.432 0.35 0.799 0.49 -0.357 -0.08 1.174 1.35 Moderately sorted

medium sand
Well sorted medium
sand

Sand Sand

2
0.325 -0.19 0.798 1.14 1.972 2.27 -0.737 -0.76 0.682 0.49

Poorly sorted
medium sand with
pebbles and granule

Very poorly sorted
medium sand with
stones

Gravelly
Sand

Gravelly
Sand

3
0.354 -1.28 0.783 2.43 1.342 1.48 -0.215 0.59 0.81 1.04 Poorly sorted coarse

sand

Poorly sorted
granule and pebble
with some sand

Sand Sandy Gravel

4
-1.9711.52 3.921 0.35 1.371 0.44 0.207 0.03 1.469 1.08 Poorly sorted

granule
Well sorted medium
sand

Gravel Sand

5
-0.206 -2.39 1.153 5.23 1.895 1.54 -0.024 0.5 0.668 1.13 Poorly sorted very

coarse sand Poorly sorted pebble
Gravelly
Sand Gravel

6
1.032 1.65 0.489 0.32 1.946 0.33 -0.347 0.25 1.669 0.86 Poorly sorted

medium sand
Very well sorted
medium sand

Gravelly
Sand Sand

7
1.583 1.63 0.334 0.32 0.318 0.33 0.153 0.19 1.284 0.97 Very well sorted

medium sand
Very well sorted
medium sand

Sand Sand

8
-1.666 -0.8 3.174 1.74 2.03 2.42 0.736 0.11 2.799 0.5

Very poorly sorted
stones with some
sand

Very poorly sorted
fine to medium
sands with pebbles

Gravel
Gravelly
Sand

9
2.219 2.25 0.215 0.21 0.366 0.42 0.091 0.21 0.855 1.08

Well sorted fine sandWell sorted fine sand
Sand Sand

10
0.133 -0.97 0.912 1.97 1.814 1.44 -0.135 0.07 0.629 0.89 Poorly sorted

granule

Poorly sorted very
coarse sand and
granule

Gravelly
Sand Sandy Gravel

11
-1.92 1.78 3.784 0.29 1.541 0.43 0.416 -0.05 1.152 1.03 Poorly sorted

granule and stones
Well sorted medium
sand

Sandy Gravel Sand

12
1.964 2.33 0.256 0.2 0.286 0.42 -0.093 -0.38 1.467 1.78 Very well sorted

medium sand Well sorted fine sand
Sand Sand

13
1.775 1.85 0.292 0.28 0.618 0.5 -0.176 0.11 1.571 0.97 Moderately well

sorted medium sand
Well sorted medium
sand

Sand Sand
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Site 2002
Mean
phi

2003
Mean
phi

2002
Mean
mm

2003
Mean
mm

2002
+/-1

s.d.

2003
1 std

2002
skewness

2003
skewness

2002
kurtosis

2003
kurtosis

2002
Classification after
Buchanan

2003
Classification after

Buchanan

2002
Folk

Triangles
(JNCC)

2003
Folk
Triangles
(JNCC)

14
-2.934 -1.83 7.641 3.55 1.045 2.3 0.38 0.83 3.063 0.49

Poorly sorted pebble Very poorly sorted
cobble with some
sand

Gravel
Sandy
Gravel

15
1.41 1.3 0.376 0.41 0.564 0.69 -0.245 -0.41 1.855 1.94 Moderately well

sorted medium sand
Moderately well
sorted medium sand

Sand Sand

16
1.604 1.73 0.329 0.3 0.845 0.45 -0.584 0.09 1.645 1.07 Moderately sorted

medium sand
Well sorted medium
sand

Sand Sand

17
1.861 1.84 0.275 0.28 0.552 0.45 -0.317 -0.15 1.786 1.13 Moderately well

sorted medium sand
Well sorted medium
sand

Sand Sand

18

* -0.83 * 1.77 * 1.67 * 0.17 * 0.95 *

Poorly sorted coarse
sand and granule
with stones and finer
sands

* Sandy Gravel

19

* -1.14 * 2.2 * 1.61 * 0.25 * 0.94 *

Poorly sorted coarse
sand and granule
with stones and finer
sands

* Sandy Gravel

20

* -1.09 * 2.12 * 1.59 * 0.08 * 0.95 *

Poorly sorted coarse
sand and granule
with stones and finer
sands

* Sandy Gravel

* = Not sampled

Table 4.5 continued
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4.1.3.2 Total Organic Carbon (TOC)

The results from the TOC analysis are displayed in Table 4.6 alongside the results from the
pre-installation 2002 survey. Sites 18,19 and 20 are new sites for 2003 and therefore no data
is available for 2002.

From Table 4.6 it can be seen that overall the TOC results are lower in 2003 than those in
2002 with the exception of site 8 where it had increased. Large decreases can be observed
at sites 4 and 7 and to a lesser extent at site 13. The rest of the decreases are smaller.
Although there is no baseline data for sites 18,19 and 20 in 2002 the results are in keeping
with the rest of the 2003 sites.

There is presently no reason to suppose that these represent anything other than typical
natural variations.

Site no %TOC
2002

% TOC
2003

1 0.04 0.01
2 0.06 0.04
3 0.08 0.04
4 0.55 0.02
5 0.07 0.01
6 0.08 0.06
7 1.02 0.01
8 0.02 0.16
9 0.17 0.04
10 0.07 0.04
11 0.05 0.01
12 0.07 0.03
13 0.12 0.01
14 0.09 0.05
15 0.02 0.03
16 0.04 0.01
17 0.12 0.06
18 * 0.07
19 * 0.01
20 * 0.04

* = not surveyed in 2002

Table 4.6 Total Organic Carbon (%) results for 2003 with comparison to 2002 baseline.

4.1.4 Conclusions

Any changes in sediment characteristics for the 2003 survey have generally occurred at both
control sites and those situated within the wind farm. Sites within the wind farm have shown
both increases and decreases in sediment coarseness. Based upon these findings, at this
time it is not justifiable to attribute these changes to wind farm construction. Moreover it is
likely that such changes are attributable to either natural variation in sea bed sediments
based at these locations or chance. However, the results from future monitoring surveys will
help to confirm whether this is the case or whether sediment alteration has occurred, or will
occur, following wind farm construction.

From the analysis of the total organic carbon (TOC) results there is little obvious pattern,
which is unsurprising due to the generally low levels. There is presently no reason to
suppose that the levels of TOC represent anything other than typical natural variations.
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4.2.2 Methods

4.2.2.1 Technical Specifications and Installation Methods

Three independent turbidity units (Hydrolab DataSonde 4a combined water quality recorders
with shuttered optical turbidity sensors and internal data logging capability) were installed at
the locations described in Section 4.2.2.2, below.

The units were mounted on bottom frames and deployed from a surface vessel. The units
were set to record from water sampled 1m above sea bed. A mooring arrangement including
ground lines to allow easy recovery was employed. Sensors were set to record every 5
minutes over the deployment period.

4.2.2.2 Location of Fixed Moorings

The turbidity unit positions were chosen to permit measurement of near and far-field sediment
release and control levels.

SS1 Towards the Point of Ayr (near mouth of Dee estuary), at a distance of one tidal
excursion from the boundary of the licence area and within the predicted suspended
sediment plume (as given in the ES, cf. Fig. 3.7 in Section 3.2.4), to determine far-
field levels of SSC (E312,998 N387,079).

SS2 Adjacent to the existing anemometry mast at the south-eastern corner of the
proposed North Hoyle Wind Farm licence area to measure near-field effects of
sediment release. (E306,398 N392,044).

SS3 At a point outside the predicted area of the sediment plume west of the Licence area,
and off-axis of the dominant flood-ebb direction to provide a 'control' measure of
natural levels of SSC over the monitoring period (E295,800 N395,655).

The locations of these sites are given in Fig. 4.2, below.

Figure 4.2 Locations for monitoring of sediment (subtidal [benthos] & suspended
concentrations)
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Figure 4.3 Overview of data from each turbidity sensor
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4.2.3.2 Comparison with Baseline Data and Assessment of Construction Impacts

Both before construction activities began and while they were ongoing the background pattern
of suspended sediment mobilisation on flood and ebb tides and the semi-lunar tidal influence
is clear in these data. These same patterns were evident in the baseline data (Figure 4.5
reproduces data previously reported last year).

In the 2003 FEPA monitoring report it was noted that weather conditions could mask the
semi-lunar cycle and this was evidenced by an extended period of elevated suspended
sediments caused by strong winds from the west after 8 March. This did not happen to such
an extent over the construction monitoring period; however, there were broad differences in
suspended sediment concentrations over the two periods and the following provides a
comparison of maximum and mean suspended sediment concentrations:

Maximum mg/l Mean mg/l
(before/during) (before/during)

SS1 199/281 50/39
SS2 155/104 40/19
SS3 65/74 15/8

A comparison of Figures 4.3 (during construction) and 4.5 (pre-construction) reveals that the
difference between suspended sediment levels at SS1 (near Dee estuary) and SS2/3 (near-
field and control site respectively) was more marked after 18 March. This is likely to be due to
a combination of strong westerly winds and riverine inputs having the strongest effect in
shallow coastal waters. Since mean suspended sediment concentrations at all sites were
lower it is clear that the suspended sediment regime was more dynamic in late March/April
than February/early March. The neap tide after monopile installations began was not affected
in this manner and so provides the best opportunity to identify specific construction impacts,
as stated in Section 4.2.3.1 above.

The first drilling/piling activity took place over 6 April at turbine number 1. There are no peaks
in suspended sediment concentration at SS2 that show near field effects of sediment release
from the monopile installation activities exceeding normal background patterns (Figure 4.6
provides a detailed analysis of data from SS2 alone during monopile installations). Figure 4.7
provides a close up view of the turbine array showing the position of monopiles that were
installed over the monitoring period in relation to SS2. From this it can be seen that SS2 is
approximately 4 km from turbines 1 and 6 and 3 km from turbines 2 and 7. All four monopiles
that were installed over the monitoring period were therefore well within a single tidal
excursion and the line between these turbines and SS2 is also equivalent to the known
direction of tidal movement (and hence suspended sediment movement) on flooding tides
(80o). Any significant suspended sediment plumes should therefore have been detected.

There are individual peaks in suspended sediment concentration visible in Figure 4.6 which
may be related to construction activities, particularly drilling. However, similar and bigger
events occur outside these times (shaded areas on chart), including prior to construction
activities, and it is also clear that the background semi-lunar and tidal patterns were not in any
way masked by the on-site works.



25

Figure ?W Pre-construction (baseline) suspended sediment data (2003)

Figure 4.5 Pre-construction (baseline) suspended sediment data (2003)
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Figure 4.6 Suspended sediment concentrations at SS2 (near field site). Shaded areas had no monopile installation activity, unshaded areas represent days on
which drilling/piling took place (2003).
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