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Bedforms observed in the North Sea and typical characteristics (Knaapen, 2001).1
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INTRODUCTION

2

BACKGROUND INFORMATION ON BEDFORMS IN THE NORTH SEA

1.1.1

This annex presents an analysis of bedforms along the Project Two export cable
route corridor.

2.1.1

In shallow seas with a sandy seabed such as the southern North Sea, rhythmic
bedform patterns are abundant. These bedform patterns can exist at a range of
scales and most have been shown to migrate. Table 2.1 gives an overview with
typical values of the height, length and migration rates. In general, the dynamics of
these patterns is inversely proportional to their size. However, the dynamics also
strongly depend on the mechanism creating them.

Table 2.1

Bedforms observed in the North Sea and typical characteristics (Knaapen,
2001).

Bedform type

1

Wavelength (m)

Height (m)

Migration rate

Ripple

1

0.05

1 m/hour

Mega-ripple

10

0.5

1 m/day

Sandwave

250

5

10 m/year

Long bedwaves

1500

5

Sandbank

6000

15

1 m/year

2.1.2

Ripples and mega-ripples can be created by wave action or as a result of currents.
When created by waves, their shape, size and position will change with the wave
climate, with the crest direction parallel to the mean wave crest direction. Wave
related ripples and mega-ripples are, therefore, considered to be highly dynamic.
Current-related patterns are characterised by a crest direction that is perpendicular to
the flow direction.

2.1.3

Current-generated ripples will travel with the tide and change size with changes in the
flow velocities. They will migrate rapidly, but their height is limited due to the
continuously changing tides. Current-related mega-ripples in the North Sea maintain
their shape and size fairly well over a tidal cycle, while migrating at speeds of up to a
few metres per day (Knaapen et al., 2005). However, their appearance completely
changes due to increased wave stirring and/or flow velocities during storms (Knaapen
et al., 2005).

2.1.4

Sandwaves are much more stable, they migrate only a few metres a year when found
on gentle sloping beds with low residual (tide averaged) currents (Knaapen, 2005),
but this speed can increase to tens of metres around sandbanks (e.g., Lanckneus
and de Moor, 1995), where larger residual currents occur. The same should be
assumed about sandwaves in or near estuaries.

2.1.5

When sandwaves are created in an environment that is lacking in mobile sediment,
such as in the case of veneers of sand overlying gravel, migration rates tend to be
higher than when there is an abundance of mobile sediment. With an abundance of
mobile sediment, material being transported from the crest will easily be replenished
by sediment being transported from the troughs. As a result, the sandwaves tend to
migrate as a group, with the occasional quicker movement due to a change near
bifurcations.

2.1.6

With low amounts of mobile sediment, the mobile material tends to accumulate along
isolated crests that are separated by troughs covered in immobile material. Any
material being transported from the crest will only be partly replenished by new
material. This quickly leads to a displacement of the crest. Isolated crests move
individually. Especially when they form a barchan shape of high central crest with
trailing ends, forming a ‘U’ or crescent planform shape, the migration rates are
expected to be high.

2.1.7

Little is known about the dynamics of long bedwaves and sandbanks. The latter have
only first been detected in 2001, from high resolution echo soundings covering large
areas (Knaapen, 2001). No data have been published yet, conclusively showing
migration of either long bedwaves or sandbanks. However, from numerical modelling
studies it has been suggested that they may move very slowly; less than 1 m per year
(Hulscher, 1996).
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3

BEDFORMS ALONG THE CABLE ROUTE

3.1

Introduction

3.1.1

Within the cable route corridor a range of bedforms are identifiable on the seabed
from the bathymetric survey data. Figure 3.1 to Figure 3.3 show the areas where
bedforms have been identified. The bedforms are presented as insets on the figures
to improve clarity. The figures also relate the easting positions to the cable route
corridor for the analysis presented below. These bedforms include ripples, megaripples, and sandwaves. Given the size of the ripples (Table 2.1), these can be
considered to be insignificant for the purpose of cable risk and this study. Therefore,
all discussion will be limited to the mega-ripples and sandwaves observed in the data.
The available bathymetric data covers a corridor that is too narrow to enable the
application of an established automated method to determine the mobility of these
bedforms (Knaapen, 2005; Knaapen et al, 2005). Therefore, the analysis has been
undertaken manually, based on analogies with the scientific work described in
Section 2.

3.1.2

For the purpose of this analysis the cable route corridor has been divided into a
number of sections based on the eastings and a discussion of each section is given
below. A combination of contour plots is shown as part of this analysis, and these
show either the bathymetry, or the difference between the actual bed and a mean
bathymetry (created by filtering the bathymetry using a 250 m window).

3.1.3

The regional bathymetry and key morphological features along the cable route
corridor are shown on Figure 3.4.

Figure 3.1

Bedform height relative to mean bed levels along cable route (part one).
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Figure 3.2

Bedform height relative to mean bed levels along cable route (part two).
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Figure 3.3

Bedform height relative to mean bed levels along cable route (part three).
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Figure 3.4

Regional bathymetry and key morphological features relevant to Project Two.
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3.2

Easting 310 km – 315 km

3.2.1

Some bedforms can be seen in the shallow waters near the landfall site (5 - 10 m
water depth). These sandwave-like patterns have a height of approximately 3 m and
a wavelength of approximately 250 m (Figure 3.5). Their orientation suggests that
they are related to the tidal flow in and out of the Humber. Whilst their shape is quite
symmetric, suggesting little movement, their location indicates that they will be active.
Moreover, the bedforms do not show well defined crest lines, suggesting that they
change shape regularly and, therefore, these bedforms are considered active.

Figure 3.6
Figure 3.5

Sandwaves in shallow water (colours show the deviation from the mean
bed in metres).

3.3

Easting 315 km - 326 km

3.3.1

Over a short stretch from easting 315 km to 315.5 km, a clear mega-ripple pattern is
visible with a wavelength of about 75 m (Figure 3.6). These are surprisingly high:
about 2 m. The orientation of their crests in relation to the depth contours of the mean
bathymetry indicates that they are generated by waves from the north east. The size
suggests that they have been formed by waves in a fairly recent storm. These megaripples are likely to decay gradually over time during calm conditions and may be
reshaped completely by the next storm.

7

Mega-ripples on the foreshore (colours show deviations from mean bed
level in metres; black lines denote the contours of the underlying
bathymetry).

3.3.2

Around 315.5 km the wavelength abruptly increases to 200-250 m below the 7 m
Chart Datum (CD) contour (Figure 3.7). The crests become more irregular, whereas
the height and orientation remain the same. This results in a confusing pattern. Their
size suggests classification as sandwave crests; however their orientation still
suggests a relationship with the wave action. Moreover, the crests of these
sandwaves link up with the crests of some of the mega-ripples on the foreshore.

3.3.3

This irregularity can be explained by distortion of the bedform pattern by tidal currents
leading to a tide-related sandwave pattern. Possibly, these patterns result from a
wave-driven current related to a storm surge. However, there is no evidence to
support this hypothesis. Nevertheless, one has to assume that the bedforms in this
area are very dynamic, as the bedform dominance switches between tidal and storm
wave forcing.

Figure 3.7

Figure 3.8

Bedforms between easting 320 km – 325 km (colour scale denotes the
deviation from the mean bathymetry in metres).

Figure 3.9

Bathymetry between easting 325 km – 330 km (colour scale denotes bed
levels in metres).

Bathymetry between easting 315 km – 320 km (colour scale denotes bed
levels in metres CD).

3.3.4

Between Easting 320 km and 326 km (Figure 3.8) there is a slow transition in the
orientation, with the crest lines slowly turning to east-west crests. Also, the crests
become more regular. This indicates that the dominant forcing changes in orientation
or the tidal forcing is becoming more dominant.

3.4

Easting 326 km – 330 km

3.4.1

Between easting 326 km and 330 km, the bed level varies from -11 m in the east to 12 m in the west, where no apparent bedforms are present (Figure 3.9).
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3.5

Easting 330 km – 340 km

3.6

Easting 340 km – 350 km

3.5.1

Between easting 330 km and 340 km, a clear sandwave pattern is visible, with a
wavelength of around 250 m. The crest orientation is now normal to the direction of
the tidal flow. Therefore, it is safe to assume that the tide is the dominant forcing for
these sandwaves. The height varies between 2.5 m (330 km – 335 km; Figure 3.10),
0.5 m (335 km – 339 km; Figure 3.11) and back to 2 m (339 km – 340 km).

3.6.1

3.5.2

The pattern is irregular crested and symmetric in the west (330 km – 334 km),
becoming more regular crested towards the east (334 km – 340 km), with rather more
asymmetry. This suggests that the sandwaves are fairly stable with low migration
rates.

Between easting 341 km and 344 km, no sandwaves are visible (Figure 3.12). The
sandwave group of the stretch between easting 330 km and 340 km disappears east
between easting 340 km and 341 km. Between easting 344 km and 345 km, two
barchan dunes are visible on the side slope of Silver Pit (location of Silver Pit shown
on Figure 3.4). They are about 2 m to 2.5 m high and are 250 m apart. The westerly
tails are much more pronounced than the easterly flanks, which are in deeper water.
It is very likely these barchan dunes are very dynamic.

Figure 3.10

Bathymetry between easting 330 km – 335 km (colours denote deviation
from the mean bathymetry in metres).
Figure 3.12

3.6.2

Figure 3.11

Bathymetry between easting 335 km – 340 km (colours denote deviation
from the mean bathymetry in metres).
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Bedforms between easting 340 km and 345 km (colours denote deviation
from the mean bathymetry in metres).

Between easting 345 km and 346 km, three low sandwaves are visible (height about
1 m; Figure 3.13). This might be a layer of sand being transported into Silver Pit, or
the tails from some more barchan dunes just west of the corridor. There is no
evidence to support either case. They should be treated as highly dynamic. A similar
pattern but having an even lower elevation continues along the whole slope of Silver
Pit in this stretch. More evidence of sediment dynamics is visible around easting
348 km, where a few mega-ripples can be seen with a wavelength of about 5 m and a
height of about 1 m.

Figure 3.14

Figure 3.13

Bedforms on the slope into Silver Pit (colours denote deviation from the
mean bathymetry in metres).

3.7

Easting 350 km – 357 km

3.7.1

In this stretch (Figure 3.14), the cable route crosses the Silver Pit. No structured bed
patterns are visible. However, within the Silver Pit, some individual dunes can be
observed in the data. It is not possible to determine whether these are relic features
or active sand packets travelling over the gravel bed.

3.7.2

10

Bedforms in Silver Pit (colours denotes deviation from mean bed level in
metres). Note that the linear patterns running north to south are artefacts
from the filtering program on the edge of Silver Pit, not bedforms. Easting
357 km – 365 km.

East of the Silver Pit, the cable route crosses an area with a veneer of sand
overlaying till (Fugro OSAE, 2011). In this section of the cable corridor, two very high
sandwaves are present between easting 359 km and 361 km, that reach up to 6 m in
height (Figure 3.15). The wavelength of these waves is about 500 m. Smaller
sandwaves are linked to their tails. Some more sandwaves are visible between
easting 361 km and 365 km. These smaller sandwave features have a wavelength of
about 250 m and reach 4 m in height. As these sandwaves are formed on a veneer of
sand over gravel, they are likely to be highly mobile. All of these sandwaves are
roughly oriented southwest to northeast.

Figure 3.15

Bathymetry between easting 357 km – 365 km (colours denote bed level in metres CD).
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3.8

Easting 365 km – 375 km

3.8.1

Two large sandwaves are visible between easting 365 km and 366 km (Figure 3.16).
They are 6 to 7 m in height, and 500 m apart with the crests running west-northwest
to east-southeast. Between easting 366 km and 373 km isolated sandwaves with a
height of 2 m can be seen. Many of these sandwave features have barchan dune
characteristics suggesting high mobility. The transect perpendicular to the cable
route, shows evidence of some more large sandwaves (4 m to 5 m high) to the south
of the corridor, that are moving north and may enter the corridor in the (near) future
between easting 366 km and 370 km.

3.8.2

Between easting 373.5 km and 374.5 km (Figure 3.17), another 7 m high sandwave
is visible (orientation west-southwest to east-northeast). Between 374.5 km and
375 km a train of sandwaves is visible ranging in height from 2 m to 5 m. As these
are spaced quite far apart, mobility of these bedform features will be fairly high.

Figure 3.17

Figure 3.16

Bathymetry between easting 365 km – 370 km (colours denote bed level in
metres CD).
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Bathymetry between easting 370 km – 375 km (colours denote bed level in
metres CD).

3.9

Easting 375 km – 381 km

3.10

Easting 381 km – 391 km

3.9.1

Some large sandwaves are visible between easting 375 km and 377 km (Figure
3.18). Their crests are oriented southwest to northeast, they are 5 m high and about
700 m apart. Smaller sandwaves can be seen in between them.

3.10.1

On this section of the cable corridor, the route crosses Sole Pit. No structured
bedforms are visible from the bathymetric data.

3.11

Easting 391 km – 400 km

3.11.1

Two sandwaves are present between easting 391.5 km and 392.7 km (Figure 3.19).
Their crests run west-southwest to east-northeast and southwest to northeast, they
are about 4 m in height and about 400 m apart. Their asymmetry suggests that they
are mobile, but it is not possible to estimate a migration speed. No further bedforms
are visible.

Figure 3.19
Figure 3.18

3.9.2

Bathymetry between easting 375 km – 381 km (colours denote bed level in
metres CD).

Some more large sandwaves (4 - 5 m high) are present between easting 379 km and
381 km. The crests run east to west and cross the corridor almost completely. The
crest spacing is about 300 m. These sandwaves appear to occur on a shallow shoal
just west of Sole Pit and one of them has a very wide crest. This suggests that these
sandwaves are much less mobile than those further west that occur as isolated
features on the gravel. However, these sandwaves are asymmetric, so are still very
likely to migrate at moderate speeds (order of metres per year).
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Bathymetry between easting 391 km – 393 km (colours denote bed level in
metres CD).

3.12

Easting 400 km – 420 km

3.12.1

A small patch of large mega-ripples is visible between easting 413 km and 414 km.
With a wavelength of about 50 m, they are about 1 m high. This suggests a highly
active seabed. No further bedforms are present on the seabed along this section of
the cable route except for some small isolated mega-ripples shown in Figure 3.20.
Their crests run southwest to northeast.

3.12.2

The straight lines running across the corridor are an artefact of poor processing of the
echo sounding data along this stretch. This creates an artificial depiction of the
bathymetry in some localised areas but does not affect the clear depiction of megaripples in this area.
Figure 3.21

3.13.2

Figure 3.20

Bedforms in between Easting 420 and 425 km (colour denotes deviation
from mean bed level in metres).

From easting 425 km to 429 km (Figure 3.22) the seabed changes into a full
sandwave field with the bedform features having a spacing of about 150 m. The
sandwaves are short crested, reaching about 1.5 m in height and oriented southwest
to northeast. They appear to be quite symmetric, suggesting that their mobility is low.

Bathymetry between easting 412.5 km - 414.5 km (colours denote bed level
in metres CD).

3.13

Easting 420 km – 430 km

3.13.1

Between easting 421 km and 425 km (Figure 3.21), a few isolated sandwaves are
present. These are quite low in height (1.5 m) and far apart. This suggests they may
well be very dynamic.

Figure 3.22
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Bedforms in between Easting 425 and 430 km (colour denotes deviation
from mean bed level in metres).

3.14

Easting 430 km – 435 km

4

CONCLUSIONS

3.14.1

Some small sandwaves (or large mega-ripples) can be seen from easting 432 km to
433.5 km (Figure 3.23). These are less than 1 m high, with 70 m spacing and the
crests oriented west-southwest to east-northeast. Their size and visible asymmetry
suggest that they are very mobile.

4.1.1

Along the cable route corridor, a range of bedforms have been observed in the
bathymetric survey data, including both mega-ripples and sandwaves with varying
height and spacing. Most of these bedforms are deemed to be active, as they are
wave related, isolated on a gravel substrate and/or very asymmetric. It has not been
possible to determine accurate estimates of the migration speeds due to the narrow
width of the cable survey corridor. Given the morphological activity of the region, it is
suggested that pre-sweeping of the sandwaves is considered in areas where the
height or slope of the bedforms may present a problem for cable laying.

4.1.2

From a cable placement perspective, most bedforms have crests that are aligned
parallel or very obliquely to the cable route, allowing for cabling through the troughs.

Figure 3.23

Bathymetry between easting 430 km - 433.5 km (colours denote bed level
in metres).
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