


35

All quiet on the sea bottom front? 
Lessons from the morphodynamic 
monitoring
Dries Van den Eynde, Matthias Baeye, Robin Brabant, Michael Fettweis, 
Frederic Francken, Piet Haerens, Mieke Mathys, Mare Sas and Vera Van Lancker

The impact of the construction of the offshore wind farms 
on the turbidity was local and temporary, w ith no signifi­
cant difference between the before and after situation.
Erosion pits were formed, both around gravity based 
foundations and monopiles, though erosion protection 
provided the necessary stability. Dredging/filling works 
were more complex than expected. Large volumes of 
sand were lost and sand pits did not refill naturally. In 
dune migrating areas the coverage of export cables could 
not be guaranteed. As a result they are now buried 1 m 
below the base of the dunes.

INTRODUCTION
W ind turbines may affect the marine 
environm ent in various ways (e.g., 
Petersen and M alm , 2006). For 
sed im ent- and m orphodynam ics 
th is relates m ainly to: (1 ) Increases 
In turb id ity ; (2) scour around the 
foundations; and (3) erosion around the 
cables (e.g., Carroll et al., 2010).

For Belgian w aters, the Installation 
of w ind  farm s was new, w ith  large 
uncerta inties In the estim ations of 
environm enta l Impact. The concession 
zones fall w ith in  o ffshore areas w here 
natural tu rb id ity  Is relatively low, hence, 
given the large-scale works, Increases 
In tu rb id ity  needed quantification. 
Formation of scour or erosion pits was 
expected, because of the Installation 
of gravity based foundations (GBF) 
for the firs t six w ind turbines on the 
Thorntonbank. For the Belw lnd w ind 
farm , consisting of m onoplles, erosion

pits around the  m onoplles w ere  firs t 
allowed to  develop, and w ere  then filled 
w ith  an erosion protection. The fact 
tha t the  form ation of erosion pits was 
accepted, required m onitoring of both 
the  erosion pits and tu rb id ity  levels.

On the Thorntonbank, dredging works 
w ere  needed for seabed levelling In 
the  areas of large sand dunes. Part of 
the  dredged sand could be re-used 
to  Infill the GBF Itself, as back-fill of 
the  foundation pit or as backfill of the 
tem porary  trench that was dredged for 
the  cable-crossing of the sea-lane. It was 
expected that, finally, a net am ount of
385,000 m 3 of sand w ould  be disposed 
w ith in  the concession area. It could be 
expected tha t the  transport of these 
sand plies w ou ld  red istribu te the  sand 
tow ards the possible erosion pits, but 
m onitoring was necessary to  study th is 
process.

Finally, the coverage (I.e. 1 m be low  the 
seabed) of the  export cables to the  shore 
was of concern. Sand dune m igration 
was known to occur (e.g., Lanckneus et 
al., 2002); hence uncerta in ty arose on 
the longevity of coverage of the export 
cables.
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ENVIRONMENTAL SETTING
The Thorntonbank, Lodewijkbank and Gootebank are coast-parallel 
sandbanks, belonging to the Zeeland Ridges, wh ilst the Bligh Bank 
is one of the Hinder Banks, lying more obliquely to the coastline 
(Figure 1 ). M inim um  water depths are close to -6 m (below the 
lowest water level) for the Zeeland Ridges and -9 m for the Bligh 
Bank. In the gullies, -28 m up to -36 m is reached, respectively. 
Sandbank lengths are 15 to 30 km, while the w idth varies from  1 
km for the Bligh Bank, to up to more than 4 km for the sandbanks 
of the Zeeland Ridges. Sandbanks are covered w ith  large to very- 
large dunes w ith  heights varying from  2 m to 6 m (Van Lancker 
et al., 2007). Median grain sizes of the sandbanks range between 
300 pm and 350 pm (Verfaillie et al., 2006).

The hydrodynamics in the area are dominated by semi-diurnal 
tides w ith  a spring tidal range of 4 to 5 m. Tidal current ellipses are 
elongated, w ith  a southwest-northeast axis. Flood and ebb peak 
currents are oriented towards the northeast and the southwest, 
respectively. Surface peak currents reach up to 1 m/s; flood and 
ebb currents are competitive in strength, though the ebb period 
lasts longer. Flood currents are strongest along the southern slope 
of the Zeeland Ridges, whilst the ebb is strongest along the steep 
side of the Bligh Bank. An ebb oriented sand transport is observed 
along the gentle slope of the Zeeland Ridges, though preceding 
hydro-meteorological conditions may alter sand transport directions 
consistently (Lanckneus et al., 1993).

Figure 1. Bathym etry o f the  Thornton­
bank, Lodewijkbank, Bligh Bank and 
Gootebank. Black dots indicate the 
position of the  w ind  turbines; ye llow  
dots indicate the  position o f the  tur­
b id ity and current measurements.

2°50'E 3°0'E 3°10'E2°40'E

MONITORINGTURBIDITY
The firs t part of the m onitoring aimed at evaluating increases 
in turbidity, due to the installation w orks (e.g., of the GBFs on 
the Thorntonbank) or during the operation of the w ind farms 
(e.g., as a result of the dynamic erosion protection in the 
Bligh Bank w ind farm). From the m onitoring specifications, 
m easurem ents of currents, waves and turbid ity were mandatory 
near the w ind turbines before, during and after the works.
Similar m easurem ents w ere carried out at a nearby non-affected 
site, for which the Gootebank was chosen. A  period of at 
least 15 days was chosen to cover a spring-neap tidal cycle. 
International Marine and Dredging Consultants (IMDC) executed 
the m onitoring fo r the C-Power w ind farm ; RBINS-OD Natural 
Environment the one for Belwind.
On theThorntonbank and on the Gootebank, m easurem ents 
were perform ed using a bottom -m ounted Acoustic Doppler 
Current Profiler (ADCP) (IMDC 2008a; 2008b; 2008c; 2009a)

(Figure 2). This device measured current profiles over the entire 
w a te r column, w a te r level and wave heights. An optical back 
scatter sensor (OBS), measuring turbidity, was m ounted on 
the ADCP at about 0.7 m above the bottom. Furthermore, an 
RCM9 current m eter (Figure 2) was used as backup for current, 
turb id ity and w ate r level m easurem ents. To convert the values 
from  the OBS into material in suspension in mg/l, the instrum ent 
was calibrated in the laboratory using fine material from  the 
harbour of Oostende. To estim ate the effect of the construction 
works of the firs t phase on the suspended particulate matter 
(SPM) concentration, three measuring campaigns were 
executed: before (February-March 2008), during (June-July 
2008) and after the works (June-July 2009). The positions of the 
m easurem ents are indicated in Figure 1. The instrum ents were 
deployed along the gentle slope or on the top of the sandbanks 
in w a te r depths of around -16 to -17 m.
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Statistical analyses of wave, current and SPM concentration 
data was performed (IMDC, 2009b). Results showed that SPM 
concentration was low, both on the Thorntonbank and Gootebank. 
During the w in ter period, the median SPM concentration was 
9 mg/l on the Gootebank and 4 mg/l on theThorntonbank. High 
turbidity was generally correlated w ith  higher wave conditions. 
During the sum m er periods, the median SPM concentration on the 
Thorntonbank and Gootebank was very low (1 to 2 mg/l). Overall,

the range of SPM values was similar for both theThorntonbank 
and Gootebank. No clear Influence from  the dredging works or 
from  the Installation of the GBF foundations was found In the data.

Figure 2. ADCP and RCM9 as deployed on 
the  Gootebank in w ater depths of -17 m 
(IMDC, 2010).

RCM9RCM9
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On the Bligh Bank and on the Gootebank, tw o  tripods 
(Figure 3) w ere  used fo r m easuring SPM concentration, 
suspended particle size d istribution, salinity, tem perature and 
current velocity. W ater depths w ere  around -26 m on the  Bligh 
Bank, around -24m  on the Gootebank. An Acoustic Doppler 
Profiler (ADP) measured the ve loc ity  profile from  the top  of 
the tripod to the  bottom ; an Acoustic Doppler Veloclm eter 
(ADV) measured the ve loc ity  near the bottom  w ith  a high 
frequency; a CTD conductiv ity  sensor system  m easured 
tem perature, salin ity and w a te r depth; tw o  OBS sensors 
measured tu rb id ity  at 0.2 m (SPM1 ) and 2 m (SPM2) above 
the bottom ; fina lly a LISST 100C m easured the particle size 
of the  material In suspension. The ADP housed an altim eter, 
to m easure the distance from  the m easuring point to the 
bottom , hence providing Inform ation on seabed evolution and

Figure 4 shows SPM mass and vo lum e concentrations, 
transm ission, median particle size, tem perature  and salin ity at 
the Bligh Bank, before the start of the construction works. Also 
the sign ificant wave height at the Zu idw est Akkaert (M eetnet 
Vlaamse Banken, Flanders Flydrography) Is shown. Figure 5 
show s SPM concentration profiles (from  the backscatter of the 
ADP) and seabed evolution (from  the ADP altim eter), after the 
execution of the construction w orks at the Bligh Bank.
SPM concentrations w ere  very low  (< 5 mg/l) at both locations 
and during alm ost all cam paigns (Van den Eynde et al., 2013). 
SPM concentrations showed a clear correlation w ith  sprlng- 
neap tidal cycle variation, w ith o u t a clear visib le Influence of 
wave activity. This Is also shown In the scatter plot be tw een 
significant wave height and SPM concentration on the  Bligh 
Bank after the  w orks (Figure 6). Remark tha t before and after 
the w orks, the  s ignificant wave heights w ere  relatively low, 
w ith  waves up to 2.2 m ,before the w orks, and up to  2.0 m,

thus Indirectly on sed im ent transport. Furthermore, from  the 
backscatter of the ADR also SPM concentration profiles were 
derived. To m easure current profiles from  the bottom  to  the 
w a te r surface, a bottom -m ounted ADCP was deployed nearby 
the tripod. W ater sam ples w ere  taken and filte red to  obtain 
SPM concentration, fu rthe r used for the  calibration of the OBS 
m easurem ents.
M easurem ents w ere  done before (June-July 2009), during 
(O ctober-Decem ber 2009) and after the w orks (June-July 2010 
and March-Aprll 2012). M easurem ents before and during the 
w orks w ere  executed s im ultaneously on the Bligh Bank and 
on the Gootebank. A fte r the  works, only m easurem ents at the 
Bligh Bank w ere  perform ed.

Figure 3. Two tripods and tw o  AD CPs 
ready fo r deployment on the  Bligh 
Bank and the  Gootebank (RV Belgica).

after the  works. Only during the works, wave heights w ere  
higher from  November, 14th until December, 1st, 2009, w ith  
peaks higher than 3 m on Decem ber 1st.
A ltim e te r data showed a seabed variation of several tens of 
cen tim etres, probably due to m igrating bed form s. During 
spring tide, the  bottom  Is low er than during neap tide, possibly 
caused by higher erosion.
A t the  Bligh Bank and Gootebank variations In SPM 
concentrations w ere  tida lly-drlven. The mean SPM 
concentration was higher at the G ootebank than at the  Bligh 
Bank. A t the Bligh Bank, the mean was som ew hat higher after 
the w orks than before the  works. Plowever, no Indication was 
found that the construction w orks resulted In a significant 
Increase In turbidity.
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Figure 4. Variation in SPM concentration (from the  OBS sensors); 
SPM volum e concentration, median particle size and transm ission 
(from  LISST); and tem perature and salin ity (from  CTD sensor) at 
the  Bligh Bank (-26 m w ater depth) from  June, 24th, 2009 until 
July, 14th, 2009. Wave height at Zu idwest Akkaert (from M eetnet 
Vlaamse Banken, Flanders Hydrography). SPM1 at 29 cm  above the 
bottom , SPM2 at 234 cm  above the  bottom .

23 /06 /2009  - 13 /07/2009

176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192

Ju lian  day



40 D. Van den Eynde, M. Baeye, R. Brabant, M . Fettweis, F Francken, R Flaerens, M. Mathys, M.Sas and V. Van Lancker

Figure 5. M easurem ents of 
SPM concentration in the  low est 
1.5 m  above th e  bottom , derived 
from  the  backscatter o f the  ADR 
toge ther w ith  the  seabed evolution 
from  the  ADP altim eter, at the  Bligh 
Bank fro m  May, 5th, 2010 till June, 
3th, 2010.

Ju lian Day
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Figure 6. Scatter plot o f significant 
wave height and SPM concentration 
for SPM1 (0.2 m above the  bottom), 
SPM2 (2 m above the  bottom) and 
SPM3 (1 m above the  bottom) at the 
Bligh Bank (-26 m w ater depth), after 
the  works.
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W hile  the SPM concentrations rem ained low  during m ost 
of the  m easuring cam paigns at the Bligh Bank and the 
Thorntonbank, th is  was clearly not the case at the  Gootebank 
(Figure 7). A t the Gootebank, from  Novem ber 1st, 2009 
onwards, the SPM concentrations increased considerably to 
high values up to 2000 mg/l close to  the bottom , and 1700 mg/l 
at 2 m above the  bottom . This was a resu lt of a long period of 
prevailing southerly w inds (Van den Eynde et al., 2013) that 
can cause an offshore sh ift of the  coastal tu rb id ity  m axim um  
(Baeye, 2012) and the  in troduction of associated high 
concentration mud suspension layers at the  m easuring location 
as observed in the ADV a ltim e try  tim e  series.
These find ings indicate tha t the G ootebank is not a good 
reference station fo r the  Bligh Bank and/orThorntonbank.
Under varying conditions or events, SPM dynam ics m ight 
d iffer be tw een these locations. Therefore longer tim e  series

should be used fo r the evaluation of e ffects of anthropogenic 
im pacts on the  turbidity. Such tim e  series can be statistica lly 
analysed, and the  significance in tu rb id ity  changes can then 
be determ ined before and after the  construction works. Such 
an approach w as successfully used fo r the assessm ent of 
tu rb id ity  changes due to  disposal experim ents of dredged 
material from  the port of Zeebrugge (Fettweis et al., 2011 ).



ALL QUIET ONTHE SEA BOTTOM FRONT? LESSONS FROMTHE MORPHODYNAMIC MONITORING •  CHAPTER 4 • 41

Figure 7. SPM concentration (SPM1 
at 29 cm above the bottom, SPM2 
at 234 cm above the bottom), te m ­
perature, salinity at the Gootebank 
from  October 19th, 2009 to  December 
9th, 2009. Significant wave height at 
Zuidwest Akkaert (M eetnet Vlaamse 
Banken, Flanders Hydrography).
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In a f irs t a ttem pt to  use longer tim e  series to  evaluate the 
effects of the  w ind farm s on turbidity, sate llite  Images w ere  
used from  the MODIS and MERIS m ultl-spectra l sensors on 
the EOS-PM and ENVISAT sate llites (Van den Eynde et al., 
2013). The spectral bands of these sensors can be used to 
estim ate  the SPM concentration at the  w a te r surface. Using 
the M U M M /G R IM A S  tool (Vanhellemont et al., 2011) the  SPM 
concentration tim e  series was extracted at a point central 
on the Bligh Bank. These sate llite  data are available since 
2002 and consist of one Image per day, taken around noon. 
Elowever, a lm ost 86 % of the  m easurem ents are disturbed 
by clouds, resulting In 559 good values of surface SPM 
concentration at the Bligh Bank from  the M ODIS sate llite  and 
397 good values from  the MERIS satellite.
The surface SPM showed a very clear seasonal cycle, resulting 
In higher surface SPM concentration values In w in te r m onths

(3-4 mg/l) and low er SPM concentration values In sum m er 
m onths (< 1 mg/l). Since the  good values are not evenly 
d istribu ted over the years and the m onths, the  m onth ly  
values w ere  calculated first, replacing the m issing values 
by the cllm atologlcal m onth ly  means, before calculating 
the yearly mean values of the surface SPM concentrations. 
These m onth ly  and yearly m eans from  the MODIS sensor 
are presented In Figure 8. S tudent'sT-test Indicated tha t the 
yearly mean surface SPM concentration before the  w orks 
(2002-2009) w ere not sign ificantly d iffe rent from  the yearly 
mean surface SPM concentrations after the w orks (2010-2013). 
Also the m onth ly m eans did not d iffer sign ificantly In m ost 
cases before and after the  construction works. Only fo r a few  
m onths the differences w ere  significant, but these results 
could be related to m eteorological events, rather than to  the 
construction and operation of the w ind  farms.
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Figure 8. M onth ly and yearly mean 
surface SPM concentration values at 
the  Bligh Bank, calculated from  the  
MODIS sensor.

Conclusion
Both at theThorn tonbank and the Bligh Bank, no Indication 
could be found of an Increased tu rb id ity  due to the  construction 
of the w ind farms. Furthermore, It was shown tha t the  Goote­
bank was clearly not a good reference site fo r these m easure­
m ents. To Investigate the effects of an thropogenic Im pacts on 
the m arine environm ent, statistica l analyses of long tim e  series 
Is m ore appropriate. Finally, also long tim e  series of sate llite-

derived surface SPM concentra tions w ere  analysed to  look 
at possible Im pacts of the w ind  farm  on tu rb id ity  at the Bligh 
Bank. No sign ificant d ifferences of the yearly (and m onthly) 
mean surface SPM concentrations before and after the Installa­
tion of the  w ind farm  could be dem onstrated. Possible effects 
of the  construction and operation of the w ind farm s on the 
tu rb id ity  are presum ed to be local and tem porary.

BATHYMETRICAL SURVEYS OF 
SCOUR AND DREDGED PITS
M ultlbeam -based ba thym etry allowed studying the form ation 
of scour or erosion pits around turbine foundations.
During the  construction of six GBFs on theThorntonbank, the 
m orphological evolution of the  construction site w as Intensively 
m onitored (C-Power, 2009a). Surveys w ere  done prior to  the 
Installation works, after the dredging of the  foundation pits, 
after Installation of the  gravel bed, prior to the  Installation of the 
filte r layer and after the Installation of the  GBFs. Since then, 
five surveys w ere  conducted to  m on ito r the condition of the 
scour protection. The results of these surveys w ere  com pared 
w ith  the ba thym etry after the  Installation of the GBFs (C-Power, 
2012b).
In som e cases, small areas w ere  found w here  erosion 
exceeded a pre-set alarm level. This was m ostly  levelled out 
by natural sed im entation , apart from  one location w here  rocks 
w ere  deposited (northeast of GBF D1, see figure 9), preventing 
erosion at the foundation.
Overall, sed im entation occurred In the dredged pits (e.g.,
GBF D5, see figure 9). Around the erosion protection, sim ilar 
seabed levels occurred, though Im portant erosion or deposition 
was also observed. The erosion protection functioned w ith ou t 
any secondary erosion.

To m on ito r scour around the foundations on the Bligh 
Bank, three bathym etric surveys w ere  perform ed around 6 
m onoplles. D ifferential ba thym etry maps w ere  produced w ith  
the ba thym etry before the Installation as a reference (Belwind, 
2010 ) .

The results showed erosion pits ranging from  2 to 6.5 m, 
be low  the  original seabed level. This was be low  the expected 
d im ensions of erosion pits, as reported In den Boon et al.
(2004). For m onoplles w ith  a d iam eter of about 5 m, the ir 
model predicted erosion pits of about 8.75 m.
Since 2010, 5 m onoplles w ere  m onitored on a yearly basis: 
at the  four corners of the  w ind farm, and at the  m onoplle of 
the transfo rm er station located In the  centre of the  w ind farm  
w here  the  seabed Is m ost shallow. Results show  tha t the scour 
protection was suffic ien t w ith  erosion never be low  the  alarm 
level. The rocks of the scour protection deposited In the  erosion 
pits rem ained In place (Belw ind, 2012).
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Figure 9. Difference maps of the 
bathym etry around GBF D1 and GBF 
D5, comparing the  bathym etry after 
installation against the  situation in 
July 2012 (C-Power, 2012a).
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BATHYMETRICAL SURVEYS OFTHE 
SAND STOCK/DREDGING PITS
Before the GBF installation on theThorntonbank, large sea 
bed preparation w orks w ere  necessary, Involving dredging of 
an Im portant am ount of sand. It was expected tha t an excess 
vo lum e of 385,000 m 3 sand had to  be stored w ith in  the 
concession area. Three disposal s ites w ere  defined w ith in  the 
perspective tha t natural sand transport w ou ld  replenish the 
construction pits. Given the large uncerta inties on natural sand 
transport rates and on the behaviour of such sand stocks, the 
evolution of these sand plies was m onitored.

Flowever, firs t surveys revealed large losses during the 
dredging and dum ping activ ities (IMDC, 2009c). From the 
dredging of 579,000 m 3 sand to  construct the foundation pits, 
only about 400,000 m 3 w as found back at the disposal sites.
On the o ther hand, for backfill o f the foundation pits, Infill of the 
GBFs, correction disposals and backfilling of the  fair channel, 
som e 868,000 m 3 was extracted again from  these dum ping

sites, from  which som e 588,000 m 3 was used effective ly for 
the backfill and Infill operations. IM DC (2009c) concluded that 
the sand was m ostly  lost during dredging (10 %) and disposal 
w orks (20-25 %). Due to these losses, no excess material 
was found at the  disposal sites after the construction of the 
foundation pits and the backfill and Infill operations, but Instead
480,000 m 3 sand was extracted. The ba thym etry of one of 
these sand pits Is shown In Figure 10.

Figure 10. Depression generated in 
th e  C-Power concession area. 
Background bathym etry is fro m  2006 
(FPS Economy).
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Compared to  O ctober 2008, the continued m onitoring of 
the depressions showed tha t In June 2009, 471,000 m 3 
was still m issing, Indicating tha t over a period of 8 m onths 
only 9,000 m 3 w ere  naturally deposited In the depressions 
(Figure 11 ). Betw een S eptem ber 2009 and April 2010, som e 
deposition resulted In a vo lum e Increase of 45,000 m 3, 
but due to  dune m igration the  material a lm ost entire ly 
disappeared again In February 2011. In February-March 2011, 
the sand pits w ere  filled again, by using material from  the 
foundation pits tha t w ere  dredged fo r the Installation of jacket 
foundations (second phase of the  C-Power w ind  farm). The 
difference betw een the original sites and June 2011 am ounted 
-18,000 m 3 The last survey of July 2012 showed som e 
additional deposition In the  area, resulting In a tota l difference 
of +5,000 m 3.
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Figure 11. Evolution of the  material in 
the  disposal areas (C-Power, 2012a).
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To conclude, substantia l losses (30 to 35 %) of material during 
the dredging and dum ping w orks w ere  revealed. Furthermore, 
It appeared that the sand pits generated by the dredging 
w orks are quite stable over a longer period, despite the natural 
variation Imposed by dune m igration. Sim ilar results, show ing 
stab ility  of sand pits, w e re  found after severe aggregate 
extraction (Van Lancker et al., 2010).

BATHYMETRICAL SURVEYS OF 
THE EXPORT CABLES
To assure tha t the  export cables remained burled, the ir 
coverage was verified on a regular basis. Along the  entire 
length of the 150 kV (A) export cable from  the C-Power w ind 
farm  to  the cable landing at O ostende, a burial depth of 2 m 
was aimed for. In som e areas, due to clay layers, only 1 m 
burial depth was reached (Figure 12) w ith  a much deeper burial 
around km 14 w here  the cable crosses the  navigation channel 
'Scheur'. This w as required In the  environm enta l perm it for 
safety reasons. A t km 24, a surface com m unica tion cable was 
crossed and gravel was disposed to  pro tect the cable. 
Verification of the  depth of burial (DOB) of the cable showed

that at som e areas, especially near the  GBF D1 and at the 
Scheur, the  DOB was less than 1 m. A t three locations, the 
cable was exposed at the seabed and needed re-burial. This 
was due to sand dune m igration (Figure 13). Remediation 
w orks w ere  executed to assure tha t the  cable remains 
covered. From this, C-Power decided that the second export 
cable (B) would be burled 1 m be low  the base of those sand 
dunes. Sim ilar d ifficu lties w ere  encountered w ith  the  export 
cables from  the the  Belw ind w ind  farm  to shore. Rocks w ere  
deposited on the locations w here  the  cable was exposed.

Figure 12. Original depth of burial 
(January 2009) of the  export cable from  
the C-Power w ind farm from  the  most 
southern turbine (km 0) to  the  landing 
point at Oostende (km 36) (From data 
of C-Power, 2009b).
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Figure 13. Bathym etry during differ­
ent surveys and depth of burial of 
the  150 kV cable from  the  C-Power 
w ind farm  between km 10 and km 11 
(From data of C-Power, 2012a).

In the North Sea, exposure of cables, due to m oving sand 
dunes, could be expected based on experiences w ith  
pipelines (e.g., M ore llssen et al., 2003). M odel results and 
m easurem ents showed tha t In the  North Sea, sand wave 
m igration occurs at a rate of 10 m per year (Van Dljck and 
Klelnhans, 2005). W ith in  the  w ind farm  areas, Bolle et al. (2013) 
quantified a dune m igration of 1 to  7 m/year. Furthermore, 
Galagan et al. (2005) showed that cables could be uncovered 
after 6 to 18 years, using a m igration ve loc ity  of only 1 to 3 m 
per year and a depth of burial of the cable of 1.8 m. For higher 
m igration rates and sm aller depths of burial, less tim e  Is 
expected. In areas of m igrating sand dunes, the m onitoring of 
the export cables rem ains Important.
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CONCLUSIONS
Related to  the Installation and explo itation of w ind farm s on 
the Belgian Continental Shelf, the m onitoring of changes In 
sed im ent- and m orphodynam lcs consisted of fou r parts:

1. M on itoring of the effect on the turbidity. No Im portant 
effects w ere  m easured along theThorntonbank, Bligh 
Bank and at a reference station at the Gootebank. Firstly, 
due to a higher variab ility In tu rb id ity  and d iffe rent SPM 
dynam ics, It was shown that the G ootebank was not a 
good reference site for the Bligh Bank and Thorntonbank. 
Nevertheless, m easurem ents showed that the effects of 
the w orks at the w ind  farm s and the  w ind turbines have 
a local and tem porary  e ffect on the turbidity. This was 
confirm ed by the analysis of longer tim e  series of sate llite 
data for the Bligh Bank.

2 . M on itoring of erosion pits. Surveys around the GBFs 
fo r the C-Power w ind  farm  and the m onoplles of the 
Belw ind farm  showed no secondary erosion and the 
erosion pro tection rem ained stable. Only at one GBF, an 
additional rock dum ping was needed, w hen depths w ere 
be low  the  alarm level. The m onitoring of the dynam ic 
erosion pro tection was executed around six monoplles. 
The depth of the erosion pits varied be tw een 2.0 m
and 6.5 m, In the north of the w ind farm . The variation 
Indicated tha t the erosion pit depth possib ly depended 
on seabed sedim ents, geological substra tum  and 
prevailing hydrodynam ics. A  continuous m onitoring of the 
foundations rem ains necessary.

M onitoring of sand plies and dredged pits. For the 
Installation of the GBFs, It was shown that during the 
dredging and dum ping w orks Im portant sand losses of 
about 30 to 35 % occurred. M onitoring the sand pits, 
generated during these w orks during several years, 
showed that the sand pits w ere  relatively stable and that 
no natural filling of the  sand pits occurred.

M onitoring of the depth of burial of the export cables to 
the shore. Results showed tha t the cable can becom e 
exposed due to the m igration of sand dunes. For both 
theThorn tonbank and Bligh Bank, som e remedial rock 
dum pings w ere  needed to  ensure the burial of the cables. 
This led to  the  recom m endation tha t In areas of m igrating 
sand dunes, the  cable should be burled 1 m be low  the 
base of the sand dunes. A  regular contro l of the coverage 
of the  cables remains necessary.


