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INTRODUCTION

M arine aggregates (sand and  gravel) have em erged as a 
stra teg ic  m inera l resource; th is  is due to  an  increasing general 
dem and and  to  s tric te r regulations on th e  exploitation of land- 
won aggregates, in  EU  M em ber S tates. Annually, approx. 40 
m illion m 3 of m arine sand  and  gravel are  extracted, alone, from 
th e  N orth  E uropean in n er (<60m w ater depth) continental 
shelf (w w w .sandandgravel.com /extraction). In  th e  n e a r future, 
th e  ex traction  will increase significantly, to provide vast 
quan tities of m a te ria l needed for th e  realisa tion  of large-scale 
in frastru c tu re  projects, p lanned  for E urope’s coastal areas; th is  
is combined w ith th e  burgeoning general u rban isa tion  of the 
coastal zone. A t th e  sam e time, E uropean  coastal zones are 
u n d er increasing p ressu re  from coastal erosion. Thus, beach 
rep len ishm ent and  o ther coastal defence schemes, requiring  
large quan tities of su itable aggregate m aterial, a re  necessary  to 
m anage such coastal re tre a t and  accom modate th e  developm ent 
(S e l b y  and  O o m s , 1996; H u m p h r e y s  et a l,  1996).

Such increasing  dem and, toge ther w ith  th e  conservation 
of coastal ecosystem s and  diverse stakeho lders’ in terests , 
requ ire  th a t  resource susta inab ility , env ironm enta l prudence 
and  carefu l m anagem en t a re  crucial com ponents of the  
practice  and  regu la tion  of m arine  aggregate  operations. T here 
is an  u rg en t need  for in teg ra ted  an d  coherent approaches 
to  th e  effective prospecting  of com m ercially-viable m arine 
san d  and  gravel deposits, th e  developm ent of a science-based 
approach to th e ir  su s ta inab le  m anagem ent, toge ther w ith  an 
env ironm enta l im pact assessm en t of th e ir  exploitation. Such 
objectives requ ire  an  in terd isc ip linary  approach, to develop a 
thorough  u n d ers tan d in g  of th e  sedim entary , hydrodynam ic 
and  ecological conditions of th e  in n e r con tinen ta l shelf 
and  ad jacen t coasts. Likewise, th e  use  of ‘s ta te -o f-the-a rt’ 
approaches and  in s tru m en ta tio n  is needed.

DOI: 10.2112 / SI51-001.1 received  9 J a n u a ry  2008; accepted in 
revision  1 A pril 2008.

The m ain  objectives of th e  RTN project ELTMARSAND were:
(a) to tra in  young E uropean  researchers in  individual research  
approaches; and  (b) to  provide them  w ith an in teg ra ted  and  
balanced  view of th e  diverse and  complex issues involved, 
th rough  th e  application of a wide range of scientific approaches. 
As such, close co-operationbetw een m arine  geologists, biologists, 
hydrodynam ic and  m orphodynam ic m odellers and  coastal 
engineers w as established. The ta sk  of such a grouping w as to 
in teg ra te  th e  research  approaches involved in  m arine aggregate 
prospecting. Likewise, th e  undertak in g  of th e  assessm ent of 
th e  environm ental im pacts of offshore m ining activities, using 
‘state-of-the-art’ approaches and  instrum enta tion .

N ine P a rtn e rs , from 8 countries, have  been  involved in  th e  
project, as lis ted  in  T able 1.

SCOPE OF THE EUMARSAND SPECIAL ISSUE

The objectives of th e  project ELTMARSAND comprised: (a) 
an  estim ation  of th e  usage, assessm en t of resource availab ility  
a n d  th e  provision of a critical review of th e  licensing 
procedures, a t an  E uropean  level; (b) th e  investigation  of th e  
im pact of m arine  aggregate  extraction , on th e  environm ent; 
an d  (c) th e  provision of recom m endations on th e  in teg ra tion  of 
th e  research  approaches involved.

A considerable am oun t of effort w as p laced in to  th e  
provision of a critical review  of th e  licensing procedures, at 
an  E uropean  level. The com patib ility  of th e  d ifferent n a tio n a l 
licensing /regu latory  regim es w as com pared, w ith  th e  p resen t 
E u ropean  E nv ironm en ta l L egislation  (e.g. EIA  Directives, 
H ab ita ts  D irective) and  In te rn a tio n a l Conventions.

In  re la tion  to  th e  field studies, tw o sites w ere investigated: 
th e  K w inte B ank  (Belgian p a r t  of th e  so u thern  N orth  Sea), 
w hich rep resen ts  a m odern  deposit in  a re la tively  h igh energy 
tid a l environm ent; and  T rom per W iek (G erm an B altic Sea); 
w hich rep resen ts  a relict deposit, located w ith in  a non- 
tid a l setting . The deposits a re  rep resen ta tiv e  of commonly- 
occurring, E uropean  aggregate  ex traction  sites.

http://www.sandandgravel.com/extraction
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Table 1. Participants in the EUM ARSAND Programme

Project Partners 111

Marine Research Division - AZTI Foundation (Technological 
Institute for Fisheries and Food), Spain

Dr. Wendy Bonne 
Dr. Adolfo Uriarte 
Marine ecology (and coordination)

Wendy.Bonne@health.fgov.be
aduriarte@pas.azti.es

School of Ocean and Earth Science - University of 
Southampton, United Kingdom

Dr. Er wan Garel 
Prof. Michael Collins 
Sediment dynamics

egarel@ualg.pt
mbc@noc.soton.ac.uk

Renard Centre of Marine Geology (RCMG) - Ghent University, 
Belgium

Dr. Valérie Bellec 
Dr. Sophie Le Bot 
Dr. Vera Van Lancker 
Marine geophysics, North Sea

valerie .bellec@n gu .no 
sophie .lebot@univ-rouen .fr 
ver a .vanlancker@mum m. ae .be

Department of Geography and Climatology - National & 
Kapodis-trian University of Athens, Greece

Dr. Arnaud Ballay 
Dr. Serafim Poulos 
Seabed characterisation

ara au db allay@y ahoo .fr 
poulos@geol.uoa.gr

Marine Science Department - University of The Aegean, 
Greece

Dr. Rolandas Radzevicius 
Prof. Adonis Velegrakis 
Legislation

rolandas.radzevicius@geo.lt
afv@aegean.gr

Maritime Institute - Gdansk (MIG), Poland

Dr. Nerijus Blazauskas 
Ms. Ingrida Bagdanaviciutè 
Mr. Juliusz Marek Gajewski 
Information systems

nb@geo.lt
ingrida@geo.lt
julgaj@im.gda.pl

Coastal Geomorphology and Shoreline Management Unit - 
Université du Littoral-Côte d’Opale, France

Dr. Stella Kortekaas 
Prof. Arnaud Hequette 
Coastal impact

s.kortekaas@fugro.nl
hequette@univ-httoral.fr

Water Engineering and Management, Civil Engineering 
Department - University of Twente, The Netherlands

Dr. Christophe Brière 
Dr. Déborah Idier 
Prof. Suzanne J.M.H. Hulscher 
Morphodynamic modelling

chr is tophe.brier e@deltares .nl 
d.idier@brgm.fr
S.J.M.H.Hulscher@ctw.utwente.nl

Institute of Geosciences, Marine Geology, Coastal and 
Continental Shelf Research - Christian-Albrechts-University 
Kiel, Germany

Dr. Faustino Manso 
Dr. Klaus Schwarzer 
Marine geophysics, Baltic Sea

f.manso@fugro.it
kls@gpi.uni-kiel.de

111 Note: w ith recen t e-m ail addresses incorporated.

Investiga tion  of th e  K w inte B ank  focussed upon a p a rticu la r 
a rea  of th e  seabed th a t  h ad  been  exploited in tensively  for 
dredging, since th e  1970’s. I t h a s  been  tran sfo rm ed  now into 
a depression, from w hich san d  ex traction  h a s  been  prohibited, 
since F eb ru a ry  2003. In  th e  B altic  Sea, gravel and  sand  
ex traction  a reas have been  inves tiga ted  w ith in  th e  G erm an 
T rom per W iek area; these  have  been  subjected  to  d ifferent 
aggregate  ex trac tion  techniques, i.e. anchor and  tra ile r  suction 
hopper dredging, respectively. B oth a reas  u n d e r investigation  
have been  surveyed using  ‘s ta te -o f-the-a rt’ geophysical/ 
geological techn iques and  in s tru m en ta tio n  (acoustical da ta  
from seism ic profiles, m ultibeam  an d  side-scan sonar surveys; 
g round -tru th ing  sed im ent sam ples, from V an Veen grabs 
and  boxcores; and  video im agery  of th e  seabed). The physical 
im pacts of th e  ex trac tion  on th e  seabed have  been  assessed  
also using  hydro-, sedim ent- an d  m orpho-dynam ic modelling, 
ca lib ra ted  and  v a lida ted  by h igh  quality  in-situ  m easu ring  
in s tru m en ta tio n  (bottom - an d  hull- m oun ted  ADCP, 
elec trom agnetic cu rren t m eters  (S4), an d  A utonom ous B enthic 
L anders). Ecological im pacts have  been  investigated , w hereas 
th e  physical effects on th e  ad jacen t coastline are  assessed  only 
for th e  B altic  Sea, betw een  W arnem ünde and  D arss.

RESULTS OF THE EUMARSAND RESEARCH

The first th ree  contributions in th e  Special Issue explain 
some general aspects of th e  exploitation of m arine sands. Firstly, 
R a d zev iciu s  et al. (this volume) address th e  range of legislative 
arrangem ents, for the  different M em ber States. Secondly, 
V e l e g r a k is  et al. (this volume) sum m arise th e  origin and  use of 
m arine aggregates and  the  processes involved in m arine aggregate 
extraction. The synthesis dem onstrates th a t th e  industry  faces 
several problems, which h inder its sustainable development, 
including (am ongst others): lack of standard isation  of the  relevant 
information; difficulties in th e  access to  information; and  lim ited 
collaboration/coordination betw een the  m arine scientific research 
establishm ents and  th e  m arine aggregate industry. The th ird  
review relates to modelling research  methodologies, to investigate 
th e  im pact of aggregate extractions ( I d ie r  et al., th is  volume). 
B ased upon a series of examples, th is  paper provides an  overview 
on th e  th ree  m ain morpho-dynamic modelling approaches used 
for offshore m arine aggregate extraction im pact assessm ents: (1) 
full process-based; (2) idealized process-based; and  (3) conceptual 
models. I t illu stra tes also th e  way in which these models, applied
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to extractions on a flat bed or from sandbanks, complement each 
other, tow ards the  establishm ent of C oastal S tate  Indicators.

Subsequen t p ap e rs  in  th e  Issue address th e  field stud ies 
u n d e rtak en  in th e  N orth  and  B altic  Seas (see below).

North Sea -  Kwinte Bank

The research  activities un d ertak en  on th e  K w inte B ank are 
in troduced in  th e  paper of V a n  L a n c k e r  et al. (th is volume). 
This contribution sets th e  scene for th e  evaluation  of aggregate 
extraction  from tid a l sandbanks; likewise, it sum m arises the  
evolution of research  activities carried  out on the  Kwinte Bank, 
together w ith  th e  m ain  conclusions arising  from previous 
studies, into th e  effects of sand  extraction  from th e  sandbank. 
The histo ry  of the  ‘follow-up m onitoring’ of th e  extraction  effects 
h igh ligh ts th a t  inform ation availability/discontinuity, together 
w ith th e  tem poral and  spatia l scales over which observations 
are  obtained and  in terpre ted , can significantly influence the 
assessm ent of th e  im pacts of aggregate extraction.

(a) G eo p h ysics  a n d  se d im e n to lo g y
The m orphology and  sedim entology of th e  cen tra l depression 

on th e  K w inte B ank  and  its  im m ediate  su rround ings are 
described, in  detail, inBELLECeiaZ. (th is volum e). The depression 
could be d istingu ished  clearly  from its  surroundings, based  
upon acoustic im agery  ob ta ined  from m ultibeam  and  si de-scan 
sonar data, to g e th e r w ith  au tom ated  seabed classification. The 
analysis  of sed im ent sam ples (collected using  V an Veen grab), 
h a s  show n th a t  th e  depression w as characterized  by a h igh 
variab ility  of m edium  to fine-grained  sedim ents, contain ing 
variab le  shell contents. M orphological an d  sedim entological 
differences w ere detec ted  on bo th  sides of th e  depression; 
th ese  a re  th e  re su lt of rew orking of th e  bed  by tid a l cu rren ts. 
The elongated  very-large dunes of th e  w estern  side of th e  ban k  
are  re la ted  directly  to th e  stronger flood cu rren t, w hereas the  
large dunes on th e  ea s te rn  side are  re la ted  to th e  longer ebb 
cu rren t. R em arkably, th e  tem pora l differences in  m ean  grain- 
size, betw een  surveys, h a s  revealed  th e  sam e tre n d  for the  
depression an d  in  th e  K w inte swale. T his tre n d  differed from 
those  observed for o ther a reas  of th e  sandbank , w ith  very- 
large an d  com pound dunes.

(b) S e d im e n t d y n a m ic s , d e r iv e d  fro m  in -s itu  
h y d ro d y n a m ic  m e a su re m e n ts

G a r e l  investigated th e  short-term  hydro-sedim ent dynamic 
processes, acting on th e  depression and its  im m ediately 
surrounding area. These was identified through th e  use of in- 
situ  cu rren t m easurem ents, together w ith a one-dimensional 
sedim ent tran spo rt model. H ull-m ounted ADCP data  were 
acquired, across th e  bank  and  during a nom inal spring tida l cycle. 
Two self-recording cu rren t m eters (S4 and  ADCP) were moored, 
on the  bank  and  w ithin th e  central depression. The results 
indicate th a t ne t sand transport, over a tida l cycle, converges 
from both flanks, tow ards th e  crest of th e  bank. This sedim ent 
tran spo rt p a tte rn  relates to th e  veering of th e  peak  (ebb and 
flood) currents, w hen passing over th e  bank, due to enhanced 
frictional drag. V ariability in th e  tida l flow induces fluctuations in 
th e  extension and  location of th e  n e t sand  tran sp o rt convergence

zone. D uring th e  tida l cycle experim ent w ith the  hull-m ounted 
ADCP, divergence of n e t sand  tran spo rt h as been observed 
inside th e  depression, which in indicative of erosion. Differences 
in  the  tida l ellipses and  the  across-bank component of th e  peak 
currents, during the  ebb and  flood, have been observed inside the 
depression, compared to over th e  crest of th e  bank.

(c) G ra in -s iz e  tr e n d  a n a ly s is
An a lte rn a tiv e  approach to defining sed im ent tra n sp o rt 

pa th w ay s is grain-size tre n d  analysis (M cL a r e n  and  B o w l e s , 

1985; G a o  and  C o l l in s , 1991). B ased upon a grid  of sam ples, 
tw o m ain  tra n sp o rt p a thw ays have  been  identified  ( P o u l o s  

a n d  B a l la y , th is  volume): over th e  cen tra l depression an d  its  
w estern  part, d irected  tow ards th e  no rth east; and  tow ards th e  
southw est, over th e  gentle ea s te rn  slope of th e  K w inte Bank.

(d) M o rp h o d y n a m ic  m o d e llin g
In  order to investigate th e  seab ed  dynamics, in  general, and  to 

predict th e  long-term  m orphodynam ic im pact of sand  extraction 
from tida l sandbanks, in  particu lar, process-based modelling 
is a connnonly-used m ethod. H erein, different approaches can 
be considered: (i) based  upon complex num erical sim ulation; 
or (ii) by applying an  idealised model, designed specifically to 
describe sandbank  dynamics. The first of these  approaches h as 
been applied to th e  K w inte B ank (B r iÈr e  et al., th is  volume). 
The short-term  modelling w as set up w ith th e  complex full 
process-based model, Delft 3D — Online. The num erical resu lts  
obtained, together w ith th e  field m easurem ents, showed good 
agreem ent. Sand  tran sp o rt is d irected tow ards th e  northeast, 
along th e  w estern  flank of th e  bank; it is sou thw ard  along 
th e  easte rn  part. In  th e  a rea  of th e  depression, th e  residual 
sedim ent tran sp o rt direction is opposed to th a t of th e  residual 
curren ts, i.e. d irected tow ards th e  east, suggesting deepening 
of th e  depression (at least, u n d er the  conditions of th e  field 
m easurem ents). The long-term  im pact of sand  extraction  is 
assessed, considering com plem entary approaches (combining 
th e  benefits from th e  complex num erical modelling and  the 
idealised model). From  the  idealised model, th e  an tic ipated  
long-term  tre n d  of an  excavated a rea  is th e  recovery of the 
depression, resu lting  in  a new  equilibrium  of th e  sandbank. 
However, th e  modelling approaches assum e an infinite source 
of sand  which, in  reality, m ay no t be th e  case. No clear tre n d  in 
th e  evolution of th e  depression a rea  can be deduced from the 
long-term  full process-based modelling, w hilst th e  short-term  
observations and  m odelling resu lts  suggest a deepening of the  
depression area.

(e) B e n th ic  eco lo g y
In  order to  estab lish  th e  n a tu re  and  vu lnerab ility  to 

aggregate mining, of th e  ben th ic  com m unities on th e  Kwinte 
Bank, m acrobenthic fauna have been investigated  in  the 
cen tra l depression and  its  surrounding  areas; these  are 
com pared w ith th e  adjacent M iddelkerke Bank, w here no 
exploitation tak es  place (B o n n e , th is  volume). Com pared w ith 
historical da ta  available for th e  K w inte Bank, together w ith 
th e  reference sta tions on th e  M iddelkerke Bank, crustaceans 
and  echinoderm s have become now m ore im portan t over the 
area  of th e  depression; th is  suggests h igher sim ilarity  to  the
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swale environm ent, th a n  w as th e  case previously. However, th e  
species composition difference h a sb een  observed w ith in  th e  wide 
niche w idth  of th e  sandbank  tran s itio n a l species assem blages, 
described earlie r for th e  Kwinte B ank  and  th e  B elgian sub tidal 
sandbanks. Sand  extraction  h as created  a locally-different 
h ab ita t on th e  K w inte Bank, to w hich th e  ben th ic  fauna has 
adapted. However, th e  change is not significant over th e  larger 
scale of th e  sandbank  system, one y ear after cessation of th e  
in tensive anthropogenic disturbance (see above).

(f) S y n th e s is  o f  r e s u lts
V a n  L a n c k e r  et al. (th is volum e) have in teg ra ted  th e  

d ifferent research  re su lts  and  d iscussed th ese  w ith in  th e  
perspective of su s ta inab le  exploitation. A su ite  of c rite ria  
are  proposed (geographical, geological, morphological, 
sed im ent dynam ical, ecological an d  exploitational) th a t  can 
ass is t in  lim iting  th e  env ironm enta l im pact of extraction . 
A m ethodological fram ew ork for research  is p u t forward, 
w hilst recom m endations for fu tu re  m onitoring schem es are 
h ighlighted . The inform ation  provided can guide decisions on 
th e  m anagem en t of th e  im pact of aggregate  extraction , w ith in  
th e  m arine  environm ent.

Baltic Sea -  Tromper Wiek and the Warnemünde, the 
Darss Coastal Zone

The research  ac tiv ities u n d e rtak en  on th e  B altic  Sea are  
in troduced  in  th e  p ap e r of S c h w a r z e r  (th is volum en). This 
contribu tion  explains th e  background  to th e  ex traction  of sand  
and  gravel resources.

Likewise, em phasis is placed on th e  diversity of th e  Baltic 
Sea, in  relation to its  geological, environm ental and  ecological 
settings; its a rea is around 4 x IO6 Km2 , w ith a volume of approx 
2 X 10 Km3. D etailed inform ation is provided on th e  geological 
developments, environm ental conditions, aggregate resources and 
th e ir exploitation; these serve as a background to the  subsequent 
detailed, in  te rm s of process and  locations, investigations.

(a) G eo p h ysic s
The T rom per W iek a rea  w as selected as th e  study  area, for 

geophysical and  sedim entological research , u n d e rta k e n  in  th e  
B altic Sea. T rom per W iek is a sem i-enclosed em baym ent of 
th e  W estern  B altic Sea, lying to  th e  N E of R ügen Island.

B ased upon boom er data , th e  la te  Q u a te rn a ry  h is to ry  of th e  
T rom per W iek w as reconstruc ted  w ith in  th e  fram ew ork of th e  
evolution of th e  B altic Sea. B e l l e c  et al. (th is volum e) describe 
th e  form ation of gravel b a rs  on th e  seabed, a t p a rticu la r 
locations w ith in  T rom per Wiek. D ifferent periods of d rainage 
led to th e  form ation, or th e  re-activation  of, channels th a t  
w ere infilled w ith  coarse-grained  m a te ria l (in some places) 
du ring  low er sea level. The gravels p resen t o rig inated  from 
th e  erosion of th e  cliffs and  till outcrops, on th e  seabed. A fter 
th e  form ation of th e  b a rr ie r /b a r  and  b ack -b arrie r system  of 
gravel deposits covering th e  channels, sea level rose. W aves 
and  cu rren ts  eroded, in  part, th e  b a rr ie r  system  th a t  evolved 
into subm erged bars . T his p a tte rn  of evolution explains th e  
direction of th e  steep slope tow ards th e  coast. The rap id  rise

in sea level, to ge ther w ith  th e  coarse granu lom etry  of the  
deposits, h a s  p e rm itted  th e ir  p reservation .

LTsing hydro-acoustic survey techniques (side-scan sonar 
and  m ultibeam ), high-resolution bathym etric  and  acoustic 
im ages (sonographs) of form er m arine aggregate extractions 
w ere obtained from th e  T rom per W iek area  (M a n so  et al., th is  
volume). These data, together w ith  g round-tru th ing  (underw ater 
video and  seabed sedim ent sam ples) were used  to  describe 
th e  p resen t condition of m arks on th e  sea bed  generated  by 
mining, in  te rm s of th e ir  morphology and  superficial grain  size 
d istribution. D ifferent fea tu res (pits and  furrows), genera ted  by 
different ex traction  techniques (anchor suction dredging and  
tra ile r  hopper suction dredging, respectively) w ere detected at 
both  of th e  study  sites: T rom per W iek 1 (a sandy gravel seabed); 
and  Trom per W iek E ast (a sandy seabed). R egeneration 
varies, depending upon th e  m a teria l ex tracted  and  th e  m ining 
technique applied. In  general, it is rap id  during th e  first years 
following th e  extraction, becoming alm ost undetec tab le  over a 
longer period of tim e. However, th e  m arks are  still detectable 
after more th a n  10 years, since they  w ere in itially  generated.

(b) S e d im e n t d y n a m ic s
Sand  lying a t th e  bottom  of th e  gravel p its  is rem obilized 

episodically; it is tra n sp o rte d  p a rtia lly  into and  ou t of th e  p its. 
However, th e  long-term  balance  of san d  w ith in  th e  dredging 
c ra te rs  h a s  no t been  estab lished . W ith in  th e  context of th e  low 
san d  supply an d  in tense  coastal erosion, it is of im portance 
to  determ ine  if th e  p its  act as sed im ent trap s; thus , reducing 
th e  overall sed im en t budget tow ards th e  coast and, as such, 
enhancing  erosion.

G arel  (this volume) and L e fe b v r e  (this volume) investigate the 
above issue, based upon hydrodynamic m easurem ents obtained 
w ithin and outside of an isolated pit, over a 4-day period; th is 
included a storm event, w ith significant wave heights of up to 
1.2 m. The dataset consists of current m agnitude and direction, 
w ater level variations and turbidity. Re-suspension events have 
been observed within and  outside of the crater, during th e  storms. 
The currents are relatively weak, bu t reveal significant differences 
w ithin and outside of the pit; these are indicative of a decoupling 
of the flow. Although th e  bed shear stress is greater outside of 
the pit, the  suspended sediment concentration is higher w ithin 
the pit; it increases earlier th an  outside the pit, before the storm 
event. As there  is no evidence for significant additional turbidity 
inside the pit, the higher suspended sediment concentration is 
the result of the advection of fine-grained sediment towards, 
then  captured, by th e  pit. Over the long-term (a year), fine sand 
is trapped  preferentially; th is  is in  response to the dominance 
of m oderate storm activity, throughout the year. In relation to 
sediment transport out of th e  pit, no evidence is available for sand 
re-suspension above the crater rim, during m oderate storm events; 
nonetheless, th is is possible during more severe storms. The study 
has em phasised the need to investigate, in greater detail, th e  flow 
structure inside the  pits; th is  is to assess the sediment balance 
w ithin th e  pits, based upon the prevailing long-term wave climate 
over the area. Such an approach would assist in the provision of 
guidelines for gravel removal over the area, in term s of the w ater 
depth for extraction and the dimension of the pits.
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(c) C o a s ta l im p a c t
Offshore sed im ent ex traction  m ay affect th e  coastline in 

d ifferent ways: cause beach  draw-down; change tid a l cu rren ts; 
affect sed im ent tran sp o rt; modify nearsh o re  w ave conditions; 
or reduce sh e lte r provided to  th e  ad jacen t coastline. K o r t e k a a s  

et al. (th is volum e) inves tiga ted  an a rea  located on the  
G erm an B altic  Sea coast, be tw een  W arnem ünde an d  D arss. 
The coastline h ere  is eroding rap id ly  and  extensive offshore 
san d  ex traction  is tak in g  place. Sand  resources, of Holocene 
sed im en tary  m ateria l, a re  lim ited  over th e  a rea  an d  are 
re s tr ic ted  to  a layer of < 2 m  in th ickness. To investiga te  the  
effect of san d  ex traction  on th e  coastline, ba th y m etric  da ta  
ob tained  from  2 d ifferent periods w ere com pared; th is  w as in 
addition  to  estab lish ing  th e  location of th e  coastline, during  
5 d ifferent years, over a tim e-span  of 50 years. W aves and  
w ave-induced sed im ent tra n sp o rt w ere sim ulated , u sing  an 
in teg ra ted  coastal zone m odel (S istem a de M odelado Costero- 
SMC (C oastal M odelling Aid System , 2002), developed by the  
O cean an d  C oastal R esearch Group from  th e  U niversity  of 
C an tab ria  w ith  th e  support of th e  D irectorate  G eneral to the  
C oast in  th e  E nv ironm enta l M in istry  of Spain).

Because of th e  extensive shore protection structures, it is 
difficult to d istinguish  betw een n a tu ra l and  artificially-induced 
coastal change. As such, no direct relationsh ip  w as estab lished  
betw een changes in th e  coastline and  th e  bathym etric  a lteration  
a t th e  extraction  sites. However, th e  resu lts  obtained indicate 
some p rim ary  a reas of concern, i.e. very sm all changes in 
bathym etry  are  sufficient to  cause significant m odifications in 
th e  sedim ent tran sp o rt po ten tia l a t th e  coast, causing variations 
in  the  p a tte rn s  of erosion and  accretion. Sedim ent tran sp o rt by 
both  wave action and  cu rren ts  (induced by th e  inflow of N orth 
Sea w aters) is in  a NE direction, tow ards Darss; here, deposition 
tak es  place in  a N ational P a rk  w here dredging is prohibited. 
There is very little  in p u t of sedim ent into th e  system . Any sand 
th a t is rem oved by m arine aggregate extraction, for in dustria l 
use, is likely to have a negative effect on th e  to ta l sedim ent 
budget a t th e  shoreline.

Invited Papers

T his Special Issue  includes also some Inv ited  C ontributions; 
th ese  have  been  selected to enab le  an  overview to be provided 
of research  re levan t to th e  study  of th e  env ironm enta l im pact 
assessm en ts  (EIA’s), of th e  two field sites. For th e  K w inte 
B ank, th is  consists of th e  w ork of D e g r e n d e l e  et al. (this 
volume), on th e  m orphological evolution of th e  K w inte B ank  
cen tra l depression, before and  a fte r th e  cessation  of aggregate  
extraction . The re su lts  show th a t  two years  a fte r th e  closure, 
th e  site  h a s  no t undergone sedim entation , no r h a s  th e re  
been  a significant change in  th e  n a tu re  of th e  sedim ents. The 
m orphological changes, identified  during  th e  extraction , have 
ceased, b u t no significant regenera tion  took place following 
cessation  of th e  dredging. If th e  sed im ent volum e varia tion , 
du ring  extraction , is com pensated  for th e  am ount of ex trac ted  
sedim ents, th e  re su ltin g  sed im en t volum e varia tio n  is sim ilar 
to  th e  n a tu ra l evolution of a non-exploited sandbank; th is  
would im ply th a t  m arine  aggregate  ex traction  h a s  only a local 
im pact.

V a n  d e n  E y n d e  et al. (this volume) contribute to the  modelling 
of th e  effects of sand  extraction  on sedim ent tran spo rt, due to 
tides. N um erical m odels are  used  to sim ulate  th e  response of 
th e  sedim ent tran sp o rt pa tte rn , to extensive sand  extraction  of 
th e  sandbank. A ‘w orst-case’ scenario, together w ith  (two) ‘more 
likely’ scenarios, w ere sim ulated. Likewise, th e  effect of the  
bathym etric  changes, on sedim ent transport, w as studied. The 
re su lts  reveal th a t  th e  in tense sand  extraction  does no t appear 
to  affect th e  stability  of th e  sandbank. A lthough erosion and  
deposition is decreasing, a regeneration  m echanism  appears to 
be present; th is  could cause th e  sandbank  to rebuild, on the  
condition th a t  sand  resources are  available elsewhere, to be 
tran sp o rted  to  th e  b an k  (which h as no t yet been confirmed). A 
trench  depression, perpendicu lar to  th e  crest of th e  sandbank, 
could be slowly infilled. However, th e  tim e-scale of the  
regeneration  process is still uncertain .

G ia r d in o  et al. (th is volum e) have m odelled th e  in terac tion  
betw een  w ave activ ity  and  tid a l cu rren ts; th is  h a s  revealed  
a h igh increase in  sed im ent tran sp o rt, b u t also a change in 
direction of th e  n e t flux of sedim ents. In  particu la r, th e  crests 
of th e  shallow  sandbanks are  h igh ly  vu lnerab le  an d  erosion 
as deposition as p a tte rn s  m ay  change, according to  th e  wave 
activity. In  addition, th e  dom inance of th e  ebb cu rren t along 
th e  ea s te rn  flank  can be suppressed  by sou therly  (or SW) 
winds, i.e. th e  m ost common w ind direction over th is  area. 
A gainst a background  of all th e  sed im ent tra n sp o rt activity, 
th e  sandbanks do no t app ea r to  m igrate. T his p a tte rn  m ight 
be re la ted  to: (a) a long-term  equ ilib rium  of san d  tran sp o rt, 
due to  cu rren ts  and  low w aves along th e  ea s te rn  flank; an d  (b) 
san d  tran sp o rt, due to  cu rren ts  and  m ore significant waves, 
along th e  m ore exposed w estern  flank.

For th e  B altic Sea, K r a u se  et al. (th is volume) have provided 
a con tribu tion  on th e  physical and  biological im pact of sand  
extraction , associated  w ith  a dredging site in  th e  w estern  
B altic  Sea. Oxygen depletion zones w ere found in  th e  m ost 
heav ily  im pacted  p a r t of th e  dredging site. These physical 
im pacts h a d  a significant, b u t short-lived, effect on th e  
comm on non-vulnerab le  b en th ic  species. However, th e  effects 
w ere m ore severe for th e  sensitive b en th ic  species, w hich did 
no t recover w ith in  one y ea r a fte r dredging.

CONCLUSIONS

T his Special Issue  provides a un ique  in terd isc ip linary  
overview of a wide range of scientific m ethods, u sed  in 
com bination, for th e  study  of form er ex traction  sites in 
tid a l and  non-tida l environm ents. The m ethods applied 
include: geophysical an d  hydrodynam ic m easurem en ts;
sedim entological an d  biological sam pling; an d  video-im aging, 
in  com bination w ith  hydro-, sedim ent- and  m orphodynam ic 
modelling. Resource prospecting  issues and  th e  env ironm enta l 
im pact of ex traction  are  discussed.

It is to be hoped th a t regulatory bodies, involved directly in 
aggregate extraction, will use the integrated  scientific results and 
knowledge, gained throughout the project. Moreover, the synthesis 
provided can serve also as guidance to industry, related mainly to 
th e  approaches used for resource prospecting and evaluation.
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