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INTRODUCTION

Marine aggregates (sand and gravel) have emerged as a
strategic mineral resource; this is due to an increasing general
demand and to stricter regulations on the exploitation of land-
won aggregates, in EU Member States. Annually, approx. 40
million m3ofmarine sand and gravel are extracted, alone, from
the North European inner (<60m water depth) continental
shelf (www.sandandgravel.com/extraction). In the near future,
the extraction will increase significantly, to provide vast
quantities of material needed for the realisation of large-scale
infrastructure projects, planned for Europe’s coastal areas; this
is combined with the burgeoning general urbanisation of the
coastal zone. At the same time, European coastal zones are
under increasing pressure from coastal erosion. Thus, beach
replenishment and other coastal defence schemes, requiring
large quantities of suitable aggregate material, are necessary to
manage such coastal retreat and accommodate the development
(SeLey and Oowms, 1996; Himeureys ef al, 1996).

Such increasing demand, together with the conservation
of coastal ecosystems and diverse stakeholders’ interests,
require that resource sustainability, environmental prudence
and careful management are crucial components of the
practice and regulation of marine aggregate operations. There
is an urgent need for integrated and coherent approaches
to the effective prospecting of commercially-viable marine
sand and gravel deposits, the development of a science-based
approach to their sustainable management, together with an
environmental impact assessment of their exploitation. Such
objectives require an interdisciplinary approach, to develop a
thorough understanding of the sedimentary, hydrodynamic
and ecological conditions of the inner continental shelf
and adjacent coasts. Likewise, the use of ‘state-of-the-art’
approaches and instrumentation is needed.

DOI: 10.2112 / SI51-001.1 received 9 January 2008; accepted in
revision 1 April 2008.

The main objectives ofthe RTN project ELTMARSAND were:
(a) to train young European researchers in individual research
approaches; and (b) to provide them with an integrated and
balanced view of the diverse and complex issues involved,
through the application of a wide range of scientific approaches.
As such, close co-operationbetween marine geologists, biologists,
hydrodynamic and morphodynamic modellers and coastal
engineers was established. The task of such a grouping was to
integrate the research approaches involved in marine aggregate
prospecting. Likewise, the undertaking of the assessment of
the environmental impacts of offshore mining activities, using
‘state-of-the-art’ approaches and instrumentation.

Nine Partners, from 8 countries, have been involved in the
project, as listed in Table 1.

SCOPE OF THE EUMARSAND SPECIAL ISSUE

The objectives of the project ELTMARSAND comprised: (a)
an estimation ofthe usage, assessment ofresource availability
and the provision of a critical review of the licensing
procedures, at an European level; (b) the investigation of the
impact of marine aggregate extraction, on the environment;
and (c) the provision of reccommendations on the integration of
the research approaches involved.

A considerable amount of effort was placed into the
provision of a critical review of the licensing procedures, at
an European level. The compatibility of the different national
licensing/regulatory regimes was compared, with the present
European Environmental Legislation (e.g. EIA Directives,
Habitats Directive) and International Conventions.

In relation to the field studies, two sites were investigated:
the Kwinte Bank (Belgian part of the southern North Sea),
which represents a modern deposit in a relatively high energy
tidal environment; and Tromper Wiek (German Baltic Sea);
which represents a relict deposit, located within a non-
tidal setting. The deposits are representative of commonly-
occurring, European aggregate extraction sites.


http://www.sandandgravel.com/extraction

Table 1. Participants in the EUMARSAND Programme

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

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

Renard Centre ofMarine Geology (RCMG) - Ghent University,
Belgium

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

Marine Science Department - University of The Aegean,
Greece

Maritime Institute - Gdansk (MIG), Poland

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

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

Institute of Geosciences, Marine Geology, Coastal and
Continental ShelfResearch - Christian-Albrechts-University
Kiel, Germany
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Investigation ofthe Kwinte Bank focussed upon a particular
area of the seabed that had been exploited intensively for
dredging, since the 1970’. It has been transformed now into
a depression, from which sand extraction has been prohibited,
since February 2003. In the Baltic Sea, gravel and sand
extraction areas have been investigated within the German
Tromper Wiek area; these have been subjected to different
aggregate extraction techniques, i.e. anchor and trailer suction
hopper dredging, respectively. Both areas under investigation
have been surveyed using ‘state-of-the-art’ geophysical/
geological techniques and instrumentation (acoustical data
from seismic profiles, multibeam and side-scan sonar surveys;
ground-truthing sediment samples, from Van Veen grabs
and boxcores; and video imagery ofthe seabed). The physical
impacts of the extraction on the seabed have been assessed
also using hydro-, sediment- and morpho-dynamic modelling,
calibrated and validated by high quality in-situ measuring
instrumentation (bottom- and hull- mounted ADCP,
electromagnetic current meters (S4), and Autonomous Benthic
Landers). Ecological impacts have been investigated, whereas
the physical effects on the adjacent coastline are assessed only
for the Baltic Sea, between Warnemiinde and Darss.

RESULTS OF THE EUMARSAND RESEARCH

The first three contributions in the Special Issue explain
some general aspects ofthe exploitation of marine sands. Firstly,
Rapzevicius et al. (this volume) address the range of legislative
arrangements, for the different Member States. Secondly,
VELEGRAKIS ef al. (this volume) summarise the origin and use of
marine aggregates and the processes involved in marine aggregate
extraction. The synthesis demonstrates that the industry faces
several problems, which hinder its sustainable development,
including (amongst others): lack of standardisation ofthe relevant
information; difficulties in the access to information; and limited
collaboration/coordination between the marine scientific research
establishments and the marine aggregate industry. The third
review relates to modelling research methodologies, to investigate
the impact of aggregate extractions (Ipier et al, this volume).
Based upon a series of examples, this paper provides an overview
on the three main morpho-dynamic modelling approaches used
for offshore marine aggregate extraction impact assessments: (1)
full process-based; (2) idealized process-based; and (3) conceptual
models. It illustrates also the way in which these models, applied
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to extractions on a flat bed or from sandbanks, complement each

other, towards the establishment of Coastal State Indicators.
Subsequent papers in the Issue address the field studies

undertaken in the North and Baltic Seas (see below).

North Sea - Kwinte Bank

The research activities undertaken on the Kwinte Bank are
introduced in the paper of van Lancker ef al. (this volume).
This contribution sets the scene for the evaluation of aggregate
extraction from tidal sandbanks; likewise, it summarises the
evolution ofresearch activities carried out on the Kwinte Bank,
together with the main conclusions arising from previous
studies, into the effects of sand extraction from the sandbank.
The history ofthe ‘follow-up monitoring’ofthe extraction effects
highlights that information availability/discontinuity, together
with the temporal and spatial scales over which observations
are obtained and interpreted, can significantly influence the
assessment of the impacts of aggregate extraction.

(a) Geophysics and sedimentology

The morphology and sedimentology ofthe central depression
on the Kwinte Bank and its immediate surroundings are
described, in detail, in BeLLEc etal. (thisvolume). The depression
could be distinguished clearly from its surroundings, based
upon acoustic imagery obtained from multibeam and side-scan
sonar data, together with automated seabed classification. The
analysis of sediment samples (collected using Van Veen grab),
has shown that the depression was characterized by a high
variability of medium to fine-grained sediments, containing
variable shell contents. Morphological and sedimentological
differences were detected on both sides of the depression;
these are the result of reworking ofthe bed by tidal currents.
The elongated very-large dunes ofthe western side ofthe bank
are related directly to the stronger flood current, whereas the
large dunes on the eastern side are related to the longer ebb
current. Remarkably, the temporal differences in mean grain-
size, between surveys, has revealed the same trend for the
depression and in the Kwinte swale. This trend differed from
those observed for other areas of the sandbank, with very-
large and compound dunes.

(b) Sediment dynamics, derived from in-situ
hydrodynamic measurements

GareL investigated the short-term hydro-sediment dynamic
processes, acting on the depression and its immediately
surrounding area. These was identified through the use of in-
situ current measurements, together with a one-dimensional
sediment transport model. Hull-mounted ADCP data were
acquired, across the bank and during anominal spring tidal cycle.
Two self-recording current meters (S4 and ADCP) were moored,
on the bank and within the central depression. The results
indicate that net sand transport, over a tidal cycle, converges
from both flanks, towards the crest of the bank. This sediment
transport pattern relates to the veering of the peak (ebb and
flood) currents, when passing over the bank, due to enhanced
frictional drag. Variability in the tidal flow induces fluctuations in
the extension and location ofthe net sand transport convergence

zone. During the tidal cycle experiment with the hull-mounted
ADCP, divergence of net sand transport has been observed
inside the depression, which in indicative of erosion. Differences
in the tidal ellipses and the across-bank component of the peak
currents, during the ebb and flood, have been observed inside the
depression, compared to over the crest ofthe bank.

(¢c) Grain-size trend analysis

An alternative approach to defining sediment transport
pathways is grain-size trend analysis (M cL arReN and BowLEs,
1985; Gao and corrins, 1991). Based upon a grid of samples,
two main transport pathways have been identified (PouLos
and Bacrray, this volume): over the central depression and its
western part, directed towards the northeast; and towards the
southwest, over the gentle eastern slope ofthe Kwinte Bank.

(d) Morphodynamic modelling

In orderto investigate the seabed dynamics, in general, and to
predict the long-term morphodynamic impact of sand extraction
from tidal sandbanks, in particular, process-based modelling
is a connnonly-used method. Herein, different approaches can
be considered: (i) based upon complex numerical simulation;
or (ii) by applying an idealised model, designed specifically to
describe sandbank dynamics. The first ofthese approaches has
been applied to the Kwinte Bank (Britre ef al., this volume).
The short-term modelling was set up with the complex full
process-based model, Delft 3D —Online. The numerical results
obtained, together with the field measurements, showed good
agreement. Sand transport is directed towards the northeast,
along the western flank of the bank; it is southward along
the eastern part. In the area of the depression, the residual
sediment transport direction is opposed to that ofthe residual
currents, ie. directed towards the east, suggesting deepening
of the depression (at least, under the conditions of the field
measurements). The long-term impact of sand extraction is
assessed, considering complementary approaches (combining
the benefits from the complex numerical modelling and the
idealised model). From the idealised model, the anticipated
long-term trend of an excavated area is the recovery of the
depression, resulting in a new equilibrium of the sandbank.
However, the modelling approaches assume an infinite source
of sand which, in reality, may not be the case. No clear trend in
the evolution of the depression area can be deduced from the
long-term full process-based modelling, whilst the short-term
observations and modelling results suggest a deepening of the
depression area.

(e) Benthic ecology

In order to establish the nature and vulnerability to
aggregate mining, of the benthic communities on the Kwinte
Bank, macrobenthic fauna have been investigated in the
central depression and its surrounding areas; these are
compared with the adjacent Middelkerke Bank, where no
exploitation takes place (Bonne, this volume). Compared with
historical data available for the Kwinte Bank, together with
the reference stations on the Middelkerke Bank, crustaceans
and echinoderms have become now more important over the
area of the depression; this suggests higher similarity to the
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swale environment, than was the case previously. However, the
species composition difference hasbeen observed within the wide
niche width ofthe sandbank transitional species assemblages,
described earlier for the Kwinte Bank and the Belgian subtidal
sandbanks. Sand extraction has created a locally-different
habitat on the Kwinte Bank, to which the benthic fauna has
adapted. However, the change is not significant over the larger
scale of the sandbank system, one year after cessation of the
intensive anthropogenic disturbance (see above).

(f) Synthesis of results

VAN LaNcker et al. (this volume) have integrated the
different research results and discussed these within the
perspective of sustainable exploitation. A suite of criteria
(geographical, geological,
sediment dynamical, ecological and exploitational) that can

are proposed morphological,
assist in limiting the environmental impact of extraction.
A methodological framework for research is put forward,
whilst recommendations for future monitoring schemes are
highlighted. The information provided can guide decisions on
the management ofthe impact of aggregate extraction, within
the marine environment.

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

The research activities undertaken on the Baltic Sea are
introduced in the paper of Scuwarzer (this volumen). This
contribution explains the background to the extraction of sand
and gravel resources.

Likewise, emphasis is placed on the diversity of the Baltic
Sea, in relation to its geological, environmental and ecological
settings; its area is around 4 x IO6Km2, with a volume of approx
2 x 10 Km3. Detailed information is provided on the geological
developments, environmental conditions, aggregate resources and
their exploitation; these serve as a background to the subsequent
detailed, in terms of process and locations, investigations.

(a) Geophysics

The Tromper Wiek area was selected as the study area, for
geophysical and sedimentological research, undertaken in the
Baltic Sea. Tromper Wiek is a semi-enclosed embayment of
the Western Baltic Sea, lying to the NE of Riigen Island.

Based upon boomer data, the late Quaternary history ofthe
Tromper Wiek was reconstructed within the framework ofthe
evolution ofthe Baltic Sea. BELLEc ef al. (this volume) describe
the formation of gravel bars on the seabed, at particular
locations within Tromper Wiek. Different periods of drainage
led to the formation, or the re-activation of, channels that
were infilled with coarse-grained material (in some places)
during lower sea level. The gravels present originated from
the erosion ofthe cliffs and till outcrops, on the seabed. After
the formation of the barrier/bar and back-barrier system of
gravel deposits covering the channels, sea level rose. Waves
and currents eroded, in part, the barrier system that evolved
into submerged bars. This pattern of evolution explains the
direction of the steep slope towards the coast. The rapid rise

in sea level, together with the coarse granulometry of the
deposits, has permitted their preservation.

LTsing hydro-acoustic survey techniques (side-scan sonar
and multibeam), high-resolution bathymetric and acoustic
images (sonographs) of former marine aggregate extractions
were obtained from the Tromper Wiek area (M anso et al., this
volume). These data, together with ground-truthing (underwater
video and seabed sediment samples) were used to describe
the present condition of marks on the sea bed generated by
mining, in terms oftheir morphology and superficial grain size
distribution. Different features (pits and furrows), generated by
different extraction techniques (anchor suction dredging and
trailer hopper suction dredging, respectively) were detected at
both ofthe study sites: Tromper Wiek 1 (a sandy gravel seabed);
and Tromper Wiek East (a sandy seabed). Regeneration
varies, depending upon the material extracted and the mining
technique applied. In general, it is rapid during the first years
following the extraction, becoming almost undetectable over a
longer period of time. However, the marks are still detectable
after more than 10 years, since they were initially generated.

(b) Sedimentdynamics

Sand lying at the bottom of the gravel pits is remobilized
episodically; it is transported partially into and out ofthe pits.
However, the long-term balance of sand within the dredging
craters has not been established. Within the context ofthe low
sand supply and intense coastal erosion, it is of importance
to determine if the pits act as sediment traps; thus, reducing
the overall sediment budget towards the coast and, as such,
enhancing erosion.

G areL (this volume) and L eresvrEe (this volume) investigate the
above issue, based upon hydrodynamic measurements obtained
within and outside of an isolated pit, over a 4-day period; this
included a storm event, with significant wave heights of up to
1.2 m. The dataset consists of current magnitude and direction,
water level variations and turbidity. Re-suspension events have
been observed within and outside ofthe crater, during the storms.
The currents are relatively weak, but reveal significant differences
within and outside ofthe pit; these are indicative of a decoupling
of the flow. Although the bed shear stress is greater outside of
the pit, the suspended sediment concentration is higher within
the pit; it increases earlier than 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 the pit. Over the long-term (a year), fine sand
is trapped preferentially; this is in response to the dominance
of moderate storm activity, throughout the year. In relation to
sediment transport out ofthe pit, no evidence is available for sand
re-suspension above the crater rim, during moderate storm events;
nonetheless, this is possible during more severe storms. The study
has emphasised the need to investigate, in greater detail, the flow
structure inside the pits; this is to assess the sediment balance
within the 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 terms ofthe water
depth for extraction and the dimension ofthe pits.
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(¢) Coastal impact

Offshore sediment extraction may affect the coastline in
different ways: cause beach draw-down; change tidal currents;
affect sediment transport; modify nearshore wave conditions;
or reduce shelter provided to the adjacent coastline. K orTEKAAS
et al. (this volume) investigated an area located on the
German Baltic Sea coast, between Warnemiinde and Darss.
The coastline here is eroding rapidly and extensive offshore
sand extraction is taking place. Sand resources, of Holocene
sedimentary material, are limited over the area and are
restricted to a layer of <2 m in thickness. To investigate the
effect of sand extraction on the coastline, bathymetric data
obtained from 2 different periods were compared; this was in
addition to establishing the location of the coastline, during
5 different years, over a time-span of 50 years. Waves and
wave-induced sediment transport were simulated, using an
integrated coastal zone model (Sistema de Modelado Costero-
SMC (Coastal Modelling Aid System, 2002), developed by the
Ocean and Coastal Research Group from the University of
Cantabria with the support of the Directorate General to the
Coast in the Environmental Ministry of Spain).

Because of the extensive shore protection structures, it is
difficult to distinguish between natural and artificially-induced
coastal change. As such, no direct relationship was established
between changes in the coastline and the bathymetric alteration
at the extraction sites. However, the results obtained indicate
some primary areas of concern, i.e. very small changes in
bathymetry are sufficient to cause significant modifications in
the sediment transport potential at the coast, causing variations
in the patterns of erosion and accretion. Sediment transport by
both wave action and currents (induced by the inflow of North
Sea waters) is in a NE direction, towards Darss; here, deposition
takes place in a National Park where dredging is prohibited.
There is very little input of sediment into the system. Any sand
that is removed by marine aggregate extraction, for industrial
use, is likely to have a negative effect on the total sediment
budget at the shoreline.

Invited Papers

This Special Issue includes also some Invited Contributions;
these have been selected to enable an overview to be provided
ofresearch relevant to the study ofthe environmental impact
assessments (EIA’s), of the two field sites. For the Kwinte
Bank, this consists of the work of DecreExDELE ef al. (this
volume), on the morphological evolution of the Kwinte Bank
central depression, before and after the cessation of aggregate
extraction. The results show that two years after the closure,
the site has not undergone sedimentation, nor has there
been a significant change in the nature of the sediments. The
morphological changes, identified during the extraction, have
ceased, but no significant regeneration took place following
cessation of the dredging. If the sediment volume variation,
during extraction, is compensated for the amount of extracted
sediments, the resulting sediment volume variation is similar
to the natural evolution of a non-exploited sandbank; this
would imply that marine aggregate extraction has only a local
impact.

VAN DEN E YNDE ef al. (this volume) contribute to the modelling
of the effects of sand extraction on sediment transport, due to
tides. Numerical models are used to simulate the response of
the sediment transport pattern, to extensive sand extraction of
the sandbank. A ‘worst-case’scenario, together with (two) ‘more
likely’ scenarios, were simulated. Likewise, the effect of the
bathymetric changes, on sediment transport, was studied. The
results reveal that the intense sand extraction does not appear
to affect the stability of the sandbank. Although erosion and
deposition is decreasing, a regeneration mechanism appears to
be present; this could cause the sandbank to rebuild, on the
condition that sand resources are available elsewhere, to be
transported to the bank (which has not yet been confirmed). A
trench depression, perpendicular to the crest of the sandbank,
could be slowly infilled. However, the time-scale of the
regeneration process is still uncertain.

GiarpiNo et al. (this volume) have modelled the interaction
between wave activity and tidal currents; this has revealed
a high increase in sediment transport, but also a change in
direction ofthe net flux of sediments. In particular, the crests
of the shallow sandbanks are highly vulnerable and erosion
as deposition as patterns may change, according to the wave
activity. In addition, the dominance of the ebb current along
the eastern flank can be suppressed by southerly (or SW)
winds, i.e. the most common wind direction over this area.
Against a background of all the sediment transport activity,
the sandbanks do not appear to migrate. This pattern might
be related to: (a) a long-term equilibrium of sand transport,
due to currents and low waves along the eastern flank; and (b)
sand transport, due to currents and more significant waves,
along the more exposed western flank.

For the Baltic Sea, K rause et al. (this volume) have provided
a contribution on the physical and biological impact of sand
extraction, associated with a dredging site in the western
Baltic Sea. Oxygen depletion zones were found in the most
heavily impacted part of the dredging site. These physical
impacts had a significant, but short-lived, effect on the
common non-vulnerable benthic species. However, the effects
were more severe for the sensitive benthic species, which did
not recover within one year after dredging.

CONCLUSIONS

This Special Issue provides a unique interdisciplinary
overview of a wide range of scientific methods, used in
combination, for the study of former extraction sites in
tidal and non-tidal environments. The methods applied
include: geophysical and hydrodynamic measurements;
sedimentological and biological sampling; and video-imaging,
in combination with hydro-, sediment- and morphodynamic
modelling. Resource prospecting issues and the environmental
impact of extraction are discussed.

It is to be hoped that 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
the approaches used for resource prospecting and evaluation.
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In recent years, the importance of marine aggregates (sand
and gravel) as a mineral resource has increased in the EU, due
both to increasing demand and stricter regulations concerning
land-won aggregates in the Member States (e.g. JEWELL, 1996;
PuLta et al, 2004). In the last 20 years, more than 50 million
m3of sand and gravel have been extracted annually (on aver-
age) from the northern European continental shelf alone and
the production may increase further to supply the material
needed for the construction ofthe planned projects of coastal
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ABSTRACT I

Marine aggregates (sand and gravel) are important mineral resources and traded commodities. Their significance is
bound to increase further, due to increasing coastal zone development, stricter environmental regulation concerning
lancl-won aggregates and increasing demand for beach replenishment material. Marine aggregate (MA) deposits
can be differentiated into relict and modern deposits. The former consist of sedimentary material deposited in the
past and under different environmental and sedimentary regimes than those existing presently (e.g. the gravel/
sand deposits of the Pleistocene buried river valleys of the northwestern European shelves). The latter are deposits,
which have been formed and controlled by the modern hydro-and sediment dynamic conditions (e.g. the linear sand
banks of the southern North Sea). The present contribution reviews the current state of affairs in 9 representative
European Member States concerning the prospecting and extraction (dredging) techniques as well as the levels of
production and usage. The review has shown a mixed record as, in some of the studied States, marine aggregate
production is an important and streamlined activity, whereas other States have not yet developed efficient marine
aggregate policies and industries. It has also shown that although attempts have been lately made to coordinate the
field, the industry still faces problems, which hinder its sustainable development. These include (amongst others):
lack of standardisation of the relevant information, difficulties in the access to information, non-coherent regulatory
regimes and limited collaboration/coordination between the marine scientific research establishments and the
marine aggregate industry. These issues should be addressed as quickly as possible in order to exploit effectively this
important mineral resource.

ADDITIONAL INDEX WORDS: Marine aggregates, dredging, offshore mineral resources, relict sediments, buried palaeovalleys,
mineral resourceprospecting.

infrastructure (Puua et al., 2004; SEaAMAN, 2006; http://www.
dredging-in-germany.de) and the replenishment of the erod-
ing European beaches (Eukosion, 2003; HuMPHREYS et al., 1996;
IcEs, 2006; SELBY and Oowms, 1996). Marine aggregates are of
particular importance in the coastal states of northwestern
Europe, with the UK, the Netherlands and Denmark collec-
tively producing more than 80% ofthe European marine ag-
gregate production (e.g. 1CEs, 2005; 1CES, 2006).

Marine aggregates (MA) are non-metallic sediment depos-
its, consisting of sands, gravels and shells/shell debris, which
have been formed as a result of either contemporary (modem)
or past sedimentary/hydrodynamic processes (relict deposits).
Two different classification schemes are in place concerning the
size of marine sand and gravels. Geologists use the FoLk (1980)
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grain-size classification, according to which sediments consist-
ing of particles with sizes ranging between 0.063 and 2 mm are
classified as sands and with sizes greater than 2 mm as gravels.
In comparison, the MA industry classifies sediments consisting
of particles with diameters ranging between 0.063 and 4 (or 5)
mm as sands, and sediments with particle-sizes greater than
4 (or 5) mm as gravels. In the present contribution, the second
classification is used, as most of the available data on supply
and demand follow the MA industry’s classification.

The nature/texture of marine aggregates is generally simi-
lar to land-won aggregates (Gussay, 2005; H AKRISON, 2003).
However, there are also differences, as marine aggregates
are generally less ‘contaminated by fine-grained material
(silts and clays) and have higher concentrations of undesir-
able salts (NaCl) and biogenic material (shells/shell debris).
In addition, siliciclastic marine aggregates consist generally
of “harder” material than land-won aggregates, as they have
been subjected to rigorous abrasion in the energetic coastal
and inner shelf marine environments (e.g. PETTIJOHN, P OTTER,
and SIEVER, 1972).

The composition of the MA deposits varies, depending on
the original sediment source. For example, flint forms the
greater part of the gravel deposits of the eastern English
Channel and those offshore of the Riugen Island (Germany),
being the product of erosion ofthe flint bands ofthe extensive
Cretaceous Chalk outcrops found in these areas (Kennepy and
GARRISON, 1975). In comparison, marine aggregates found off-
shore of the Humber Estuary (UK sector of the North Sea)
have more variable composition, reflecting their glacial origin
(GUBBAY, 2005).

The aim of'this contribution is to review the MA uses, ori-
gin, demand/supply and exploitation (prospecting/dredging)
techniques in (9) coastal EU Member States (Belgium, France,
Germany, the UK, the Netherlands, Poland, Spain, Denmark
and Greece), representing the different European coastal ar-
eas (i.e. the Atlantic, Baltic and Mediterranean coasts).

USE OF THE MARINE AGGREGATES

Marine aggregates are used (Bmara, 2004, 2005; CEepa,
1993): in concrete and mortar manufacture; as ingredients of
asphalt and coated products; for block making; as drainage
and capping material and in other fill-related uses; and as
beach replenishment material. In sandy beach replenishment
schemes (Dean, 2002), material specifications (apart from
project-specific grain-size requirements) are relatively simple,
as the mineralogy of the material is not, generally, a signifi-
cant concern. Nevertheless, replenishment material must be
clean and not containing fresh biogenic material and/or con-
taminants such as chemical pollutants; for example, sediments
from some areas of the Bristol Channel (UK) cannot be used
as beach replenishment material, as they are characterised
by large concentrations (exceeding in some cases 40% of the
sediment weight) of waste coal (HamiLton ef al., 1979; VELEG-
rakis et al., 1996). Sand used in construction must comply with
certain standards (De Vree, 2003) regarding, for instance, its
chloride content (Table 1.).

Table 1. Chloride content limits (according to BS 882, App. C,

Table 7.) in marine aggregates.

Chloride
Content
(% weight)

Concrete Type

Pre-stressed concrete, heat-cured concrete with 001
embedded metal

Concrete with embedded metal made with
cement BS4027

Concrete with embedded metal made with

cement BS12, BS146.DS1370, BS4246, BS 6588, Q5
BS6610, or combinations with ground granulated

blastfurnace slag or pulverised-fuel ash

Other concrete no repuiremen I

Marine gravels are also used for beach replenishment and
in the construction industry. With regard to their use in the
construction industry, although gravel-sized aggregates form
an essential ingredient of certain concretes (see Table 2. for
shell content requirements) and asphalt products, they can be
replaced by good quality crushed-rock aggregates. In contrast,
marine gravels are vital resources for certain beach replenish-
ment schemes, due to their grain-size and (generally) rounded
shape (e.g. ArtuurTON, 1997; BatEs et al., 1997).

Table 2. Shell content limits (according to BS 882 1992, Table 1.)

Shell content

Grain Size/Type (% weight)

Material with size less than 5 mm (sand) no requirement

Shingle size up to 10 mm, graded or all-in

aggregate (> 5 mm and < 10 mm) 20

Shingle sizes, graded and all-in aggregate
(> 10 mm)

in marine aggregates.

ORIGINS OF THE MA DEPOSITS

Exploitable MA deposits have been mostly formed in the
Quaternary. On the basis of their formation period, they may
be differentiated into relict and modern sedimentary bodies
(e.g. McManus, 1975). Relict deposits are those formed in the
past and under different environmental conditions i.e. in en-
vironments controlled by sedimentrary regimes different than
those existing presently. Typical examples are the gravel/sand
deposits found within the Pleistocene buried river valleys ofthe
northwestern European shelf (aAntoine ef al, 2003; Gissarp,
1988; VELEGRAKIS, D1x, and Corrins, 1999), the moribund banks
found at the outer shelf (at 60-140 m water depths) ofthe Celt-
ic Sea (e.g. Kenvon et al., 1981; Revynaup ef al., 1999) and the
glacial (e.g. HErrMANN ef al, 1999) and transgressive (BELLEC,
DiesING, and Scuwarzer, this volume) deposits of the southern
Baltic Sea. Such deposits are not normally involved in the mod-
ern sedimentary processes, although some movement of their
superficial layers may take place under particular conditions,
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Figure 1. Seismic (boomer) section and its interpretation from a
tributary paleovalley of the ‘English Channel River’ (Gibbard, 1988;
Hamblin et al., 1992) in the central English Channel. The infilling
sediments form differentseismostratigraphic units, with coarse-grained
sediment topping the sequence (shown from the acoustic character of
the deposit, e.g. from the presence ofnumerous diffractions, and ground
truth data). Key: I, lower bounding unconformity ofthe coarse-grained
deposit; II, upper bedrock erosional surface; 111, late channels.

100 m

Figure 3. Seismic (boomer) section and its interpretation from a buried
valley of the eastern English Channel. The infilling sediments form
different seismostratigraphic units, with (mostly) fine-grained deposits
topping the infilling sequence. Key: I, upper bounding unconformity of
the transgressive deposit (transgressive system tract (TST)); 11, upper
bounding unconformity of the coarse-grained deposit of the lowstand
system tract (LST) see Posamentier and Vail (1988); and III, upper
bedrock erosional surface.

such as storm waves (e.g. DALRYMPLE ef al., 1992). Modem de-
posits are those, which have been formed and controlled by the
modem hydro-and sediment dynamic conditions. In areas as-
sociated with high tidal and/or wave energy, as it is the case
in most shallow Atlantic continental shelves, modem deposits
can be characterized by significant mobility (e.g. VELEGRAKIS et
al., 2007; VINCENT, STOLE, and P orTER, 1998), which may result
in considerable material exchanges between them and the ad-
jacent areas.

Relict MA deposits

These deposits have been mostly formed during the Pleis-
tocene climatic changes and sea level oscillations. During the
Pleistocene sea level falls (lowstands), continental shelves
around northern Europe were repeatedly exposed to sub-
aerial erosion and drained by large periglacial river systems

I

Figure 2. Seismic (boomer) section and its interpretation showing
drowned river terraces in the Eastern English Channel (water depth
~30 m atthe upperpart ofthe deposit). These terraces are found along a
submerged tributary ofthe Northern Paleaovalley (the large submerged
valley ofthe English Channel, see Hamblin et al. (1992)), which, in many
areas, is devoid ofsediment infilling, possibly due to an extreme flooding
event during the last (Flandrian) transgression (e.g. Smith, 1985; 1989).
The terrace material consists mainly offlint gravel and/or sandy gravel,
indicated by the presence of acoustic diffractions on the echogram and
verified by ground-truth data. Key: I, lower bounding unconformity of
the coarse-grained terrace deposit; I, upper bedrock erosional surface at
the terrace area; I11, upper bedrock erosional surface at the interfluve.

100 m

Figure 4. Seismic (boomer) section and its interpretation showing a
coarse-grained drowned beach in the Eastern English Channel (water
depth ~35 m at the upper part of the deposit). The material consists
probably of flint gravel and/or sandy gravel, shown by the plethora of
sound wave diffractions present on the image and ground truth data
(core sampling). Key: I. upper bedrock erosional surface.

(e.g. AntoiNE ef al., 2003; Gissakp, 1988); deposition ofuncon-
solidated (and relatively well-sorted) coarse-grained material
was taking place at the riverine thalwegs, terraces, point bars
and fans (Leeper, 1999). These deposits are ofparticular inter-
est for the MA industry, since they contain large quantities of
gravel and sandy gravel (Figure 1.). Although, such coarse-
grained deposits are usually buried under transgressive/high-
stand finer-grained deposits (see below), in some cases they
can also be found exposed on the present seafloor (Figure 2.).
During the early stages ofthe subsequent marine transgres-
sion, the lowstand fluvial environments were transformed first
into estuarine and then marine environments (e.g. ALLen and
PosaMEeNTIER, 1993). Therefore, the last (Flandrian) transgres-
sion caused fine-grained sedimentation (i.e. muddy sands and
muds) over large sections ofthe river palaeovalleys, which were
previously characterised by coarse-grained sedimentation (e.g.
FLETCHER , KNEBEL, and Krart, 1992). Such sedimentary sé-
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quences (Figure 3.) are difficult to exploit, as fine-grained sedi-
ment deposits must be excavated before reaching the coarse-
grained resource (but see Loman (2006) for new technological
developments which may address this problem).

Other relict sedimentary bodies with a good resource poten-
tial are associated with drowned beaches and barrier islands
(Leeper, 1999). These are coastal sedimentary bodies left be-
hind during the last marine transgression, as a result oftheir
protected position (e.g. perched in front of coastal cliffs) and/
or the fast rate ofthe transgression (Figure 4.). These deposits
are of particular interest, as they are characterised by rela-
tively good sorting and consist of material resistant to abra-
sion, which makes them ideal for beach replenishment. Their
texture depends on the particulars of the drowned sedimen-
tary environment and their exploitability is controlled by the
depth oftheir present position (Bartes ef al., 1997).

Figure 5. Seismic section and its interpretation across the Kwinte
Bank (Flemish Banks, southern North Sea). Key: [, base ofthe modern
sand bank: II, base of the transgressive coastal bar preceding the
modern bank: III, base of the tidal flat deposits: and IV, base of the
estuarine channels.

30 m

Figure 6. Side-scan sonar sonograph from the Bristol Channel (UK),
showing a field of sand subaqueous dunes (Velegrakis er al., 1996).
Key: A, large subaqueous dunes: B, medium subaqueous dunes
superimposed on the larger bedforms.

In some areas during the Pleistocene glacial episodes, ice-
sheets originating from the land masses spread and extended
to the shelves, depositing extensive mantles of sub-glacial
till consisting of clays, sands, gravels and boulders. Although
these deposits can attain substantial thicknesses (e.g. J ackson
et al, 1995; yames, HarrisonN, and Ciavora, 1992), they may
only rarely be of economic interest due to (a) their consolida-
tion and ‘contamination’ by both fine and oversize material
and (b) regulatory restrictions put in place for some areas (e.g.
in the Baltic Sea, see HeLcom (1998)). In some areas, however,
pro-glacial till deposits, deposited by melt ice rivers from the
ice front and consisting of sandy gravels and coarse gravelly
sands can be of interest to the MA industry (e.g. the Cleaver
Bank in the Dutch sector and the areas east of Norfolk and the
Humber in the LTK sector of the North Sea).

Finally, some areas ofthe northern European shelves are
characterised by veneers of lag gravel. These deposits have
been substantially reworked by the present hydrodynamic re-
gime; they usually form thin sedimentary bodies, as it is the
case in the Baltic Sea (e.g. Brazucuisuin, 1976) and the Eng-
lish Channel (HamBLIN ef al, 1992) and, thus, they have only
limited economic potential.

Modern MA deposits

In terms oftheir dynamics, modern deposits may be broadly
differentiated into: (i) sediment sinks, i.e. depositional centres
that do not supply sediments to the surrounding areas and
(i) sediment stores, i.e. deposits characterised by consider-
able sediment exchanges with the adjacent areas. In energetic
marine environments, superficial sediment deposits are likely
to be mobile and, thus, can be generally classified as ‘stores’.
Sand stores in the continental shelfinclude sand sheets, sand-
banks (Figure 5.), sand patches, sand ribbons and subaqueous
dune fields (Figure 6.).

Figure 7. (a) Seismic (boomer) section showing subaqueous sand dunes
in the English Channel and (b) Seismic (boomer) section showing
subaqueous gravel dunes in Christchurch Bay, (southern UK). Key: L,
basal unconformity ofthe sand bedforms: II, basal unconformity ofthe
gravel sediments; BM, bottom multiple: B, Tertiary bedrock.
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Table 3. Official MA information holders in the investigated EU Member States.

Country Organisation/Data sets
Fund for Sand Extraction, FPS Economy, SMEs, and Energy (www.mineco.fgov.be) (resource maps and databases of multibeam
data/dredging activity)
Belgium Management Unit ofthe North Sea Mathematical Models - MUMM, Department VI ofthe Royal Belgian Institute of Natural
Sciences (www.mumm.ac.be/) (resource maps, lisenced areas, dredging activity data, including EMS ‘black-box” data)
Geological Survey of Belgium (www.naturalsciences.be/geology/) (geological maps and primary data sets)
BRGM-Bureau de Recherches Géologiques et Minieres (Office of Geological and Mine Research) (www.brgm.fr) (geological maps,
primary geological data)
France IFREMER (French Research Institute for Exploitation ofthe Sea) (www.ifremer.fr) (MA licenses, MA reserve maps, oceanographic
databases (SISMER), subsurface data (CORIOLIS), satellite data (CERSAT))
SHOM-Service Hydrographique et Océanographique de la Marine (Hydrographic and Oceanographic Service) (www.shom.fr)
(marine data/information, including hydrographic, multibeam and geophysical data)
PGI (Polish Geological Institute) (http://www.pgi.gov.pl/) (MA licensed areas, geological maps, natural resource maps, central
Poland geological archives) and MIDAS Register (Management and Protecting of Polish Mineral Raw Materials)
DGiKG (Department of Geology and Geological Concessions, Ministry ofthe Environment) (http://www.mos.gov.pl/dgikg/) (national
proven, probable and possible mineral reserves)
BSH (Federal Maritime and Hydrographic Agency) - (http://www.bsh.de/de/index.jsp) (MA licenses, resource maps, marine
environmental data and CONTIS database
BGR Federal Institution for Geosciences and Natural Resources in Hanover (http://www.bgr.bund.de/cln_029/DE/Home/
homepage node.html nnn=true) (central authority advising the German Federal Government)
State (Lander) Geological Surveys (e.g. http://www.uni-mainz.de/FB/Geo/Geologie/GeoSurv.html):
Landesamt fiir Umwelt, Naturschutz und Geologie Mecklenburg-Vorpommern (Office for Environment, Nature Protection and
Germany Geology) http://www.lung.mv-regierung.de/in Mecklenburg-Vorpommern (Geological and natural resource maps, Baltic Sea
Territorial Water environmental data, GIS-based geological data)
Landesamt fiir Bergbau, Energie und Geologie (LBEG) (Office for Mining Industry, Energy and Geology (est. in 1-1-2006) in Lower
Saxony (http://www.lbeg.niedersachsen.de/) (geological/natural resource maps and North Sea Territorial Water environmental data)
Landesamt fiir Natur und Umwelt (Office for Nature and Environment) -http://www.umwelt.schleswig-holstein.de/servlet/is/155/ -
in Schleswig-Holstein (geological and mineral resource data/maps, environmental databases)
Behorde fiir Stadtentwicklung und Umwelt Geologie (Agency for Town Development and Environmental Geology) in Hamburg
http://fhh.hamburg.de/stadt/Aktuell/behoerden/stadtentwicklung-umwelt/umwelt/geologie/start.html
GEUS (Geological Survey of Denmark and Greenland) (http://www.geus.dk/) (MA extraction licenses, geological/mineral resource
data and maps)
TNO (Netherlands Institute of Applied Geosciences - Geological Survey) (http://www.nitg.tno.nl/eng/) (MA extraction licenses,
The geological/mineral resource maps and databases)

Netherlands
Directorate (http //www.rijkswaterstaat.nl/

Ministry of Transport, Public Works and Water management (http ://www.verkeerenwaterstaat.nl/?lc=nl) and North Sea

British Geological Survey http://www.bgs.ac.uk/ (geological and mineral resource maps and databases)

The UK The Crown Estate (http://www.crownestate.co.uk/) and BMAPA (www.bmapa.org/) (information on MA extraction licenses,
extraction activity database)
Instituto Espafol de Oceanografia (Spanish Institute of Oceanography) - IEO -http://www.ieo.es/version_eng/indexingles.htm
Del Ministerio de Agricultura, Pescay Alimentacion en Espafa (Ministry of Agriculture, Food and Fisheries) -http://www.mapa.es/
Spain Instituto Geologico y Minero de Espaifia (Geological and Mining Institute of Spain) - http://www.igme.es/internet/default.htm

Direccion General de Costas, Ministerio de Medio Ambiente (General Directorate of Coasts, Ministry of Environment) - http://www.

mma.es/costas/htm/actua/infor/

IGMR Greek Geological Survey (marine geological data/maps) and
HCMR (Hellenic Centre for Marine Research) (marine environmental data)

Public Estates Company (MAlicenses)

YYN (Naval Hydrographic Office) (Hydrographic data and maps)

Sand sheets are extensive, continuous veneers of sand of
variable thickness. Such deposits are commonly found over
the western European shelf, mostly at relatively large (> 40-
60 m) water depths (Kexyon and STripE, 1970). Therefore, even
though they may form substantial marine aggregate resources,
they are probably beyond the operational capability ofthe ma-
jority ofthe vessels ofthe dredging industry fleet (e.g. BATEs et
al., 1997; Visser, 2007). Sandbanks are elongated sedimentary
bodies, which may reach lengths well in excess of 30 km (CoL-
LiNs et al., 1995; Dyer and HUNTLEY, 1999; PATTIARATCHI and CoL-
Lins, 1987). These sedimentary structures form huge resources
of good quality, relatively well-sorted sand-sized sediments and
are one of the primary targets of the MA industry (e.g. ICEs,
2005; VELEGRAKIS ef al, 2001). Sand ribbons are flow parallel
bedforms (e.g. KEnvon, 1970; McLEaN, 1981) consisting of elon-

gated patches of sand resting on coarser-grained sediments
and/or bedrock substrates; they form good quality M A deposits
which, however, are characterised by a limited thickness and
rigorous hydrodynamic regime that makes their mining dif-
ficult. Subaqueous dunes (AsHLEY ef al., 1990) are flow-trans-
verse repetitive sediment structures developing on a sedimen-
tary bed under the influence of current- and/or wave-induced
flows (BELDERSON, JOHNsON, and KENYON, 1982; D ALRYMPLE ef al.,
1992). They have dune-like shapes with their crests aligned
(almost) perpendicular to the prevailing flow direction and are
characterised by variable sediment texture and dimensions
(Figures 6. and 7.), reflecting the sediment and flow diversity
of the shallow marine environments. Subaqueous dune fields
can be oflarge economic interest, although they present certain
practical problems in their exploitation (BATEs et al., 1997).
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EUROPEAN MARINE AGGREGATE RESOURCE
INFORMATION

In all investigated European Member States, MA resource
information has been found to be dispersed among various or-
ganisations (Table 3.). The available information consists of
both analogue and digital data sets and includes marine ag-
gregate reserve maps and maps of areas licensed for extrac-
tion, shallow seismic and side-scan sonar records, borehole logs
and vibro-core, gravity core and grab sample records. The data
quantity and quality vary widely, with the most modem and
uniform data bases found in the UK, the Netherlands and Den-
mark, where most ofthe information is held electronically (Ices,
2005; Meakins et al., 1999; Nielsen and Jensen, 2003). Although
the recent years substantial research has been undertaken
to access the MA resource potential of the European shelves,
there are still information gaps in all investigated EU Member
States; this is true even for those states where modern surveys
have been carried out. Thus, accurate estimations ofthe overall
reserves are not available (Ices, 2006), particularly over areas
exceeding 40 m water depths (e.g. Bates et al., 1997).

Resource information is also not always standardised (Ices,
2005; Meakins et al., 1999). Not only is there a wide disparity in
the type/quality of data sets held by individual states, but there
are discrepancies in the resource classification schemes and de-
scriptions, in spite of the obvious benefits of data standardisa-
tion. Marine aggregate classifications appear to depend on the
area, type of material and end-user. For example, the lowest

grain-size limit for in the UK varies from 2 mm to 4 mm to 5
mm, whereas in France variations occur even between regions.
Classification discrepancies are of significant concern when
quantitative data, such as demand or reserve estimates, are
compared between different areas and/or EU Member States.
Some efforts towards a consistent format/standards have been
made (e.g. De Vkee, 2003), particularly by organisations in
the UK, the Netherlands and Denmark; however, satisfactory
standardisation has not been yet achieved. In the Mediterra-
nean region, MA reserve information is not available in a com-
prehensive way, although it appears that substantial relict and
modem deposits are available (e.g. Velegrakis ef al.,, 2001).

Neth?druids

40 -
35 —

Figure 8. Marine aggregate production in 8 EU Member States in the
period 1989-2005 (see also Table 4.). D ata from Ices, (1995, 2000-2006)
and Meakins ef al. (1999).

Table 4. National marine aggregate extraction for theperiod 1989-2005. (Data from Ices, 1995; 2000-2006; Meakins et al. (1999) and the Belgian
Fund for Sand Extraction). Note that the JJKdata have been estimated on the basis of a volume/weight coefficient 1/1.66 (Ices, 2005, 2006). The
first value for Germany and Denmark refers to the totalproduction volume, whereas the values in parentheses refer toproduction volumes from the

North Sea. Key: nd, no data available.

Extraction volumes (in million m3)

Year
Germany Poland UK France

1989 1.97 (1.97) 0.96 16.27 nd
1990 2.27 (2.27) 1.35 15.24 nd
1991 2.02 (2.02) 0.99 12.23 2.00
1992 2.49 (2.08) 1.58 12.41 1.90
1993 3.26 (2.21) 1.35 10.78 1.90
1994 10.12 (8.81) 0.74 13.13 2.50
1995 2.91 (1.54) 0.81 15.72 2.50
1996 4.26 (1.38) 0.85 13.61 2.30
1997 2.22 (0.00) 0.96 15.00 2.60
1998 0.70 (0.70) 0.69 13.80 2.60
1999 0.71 (0.71) 0.74 12.60 2.60
2000 2.97 (1.67) 0.82 13.89 2.60
2001 nd nd 13.71 2.43
2002 nd 0.53 13.22 243
2003 1.14 (0.70) nd 13.39 nd
2004 nd 0.85 12.98 0.34
2005 14.00 (13.61) nd 12.78 nd
Average 3.64 (2.00) 0.94 13.57 2.21

Netherlands Spain Denmark Greece Belgium
8.43 7.68 nd 0.96
13.36 0.08 5.74 nd 0.95
12.77 0.66 6.40 nd 1.75
14.80 1.32 4.38 nd 1.22
13.02 2.19 4.32 nd 1.45
13.55 2.75 5.17 nd 1.60
16.83 0.42 5.31 nd 1.66
23.15 1.48 6.32 nd 1.44
22.75 1.67 6.40 nd 3.86
22.51 1.41 6.66 nd 1.40
22.40 0.49 12.04 nd 1.69
25.42 0.41 7.12 nd 1.90
36.45 0.30 7.86 nd 1.92
33.84 0.08 5.57 (3.50) nd 1.62
23.97 1.19 8.13 (6.18) nd 1.65
23.59 0.79 6.46 (4.18) nd 1.50
28.76 0.05 11.05 (9.28) nd 1.36
20.92 0.96 6.86 nd 1.64
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In view of the information gaps and classification discrep-
ancies, the proven recoverable European M A reserves are
difficult to be established with accuracy. However, such esti-
mates exist for some ofthe investigated states, on the basis of
detailed reconnaissance mapping (Ices, 2006). For example,
Danish marine sand reserves have been estimated to be very
substantial (in the order of several billions m3), but coarse
sand/gravel resources are rather limited in the North Sea
(BIrkLUND and Wiisman, 2005). The German recoverable M A
reserves of the Baltic Sea are confined (of the order of 40-50
million m3), whereas the Polish reserves have been estimated
to be close to a 100 million m3(H errMANN ef al., 1999). Estima-
tions for the UK have shown that the proven and potential
workable marine sand reserves found within the present oper-
ational capability of dredging vessels amount to several billion
m3(HumpHREYS ef al,, 1996). In contrast, coarse-grained depos-
its are finite, as they mostly form a thin (less than Im thick)
veneer over the seabed; only over certain areas the thickness
of the gravel deposits becomes significant (Figures 1., 2. and
4.) and, thus, economically viable (e.g. ARTHURTON, 1997; BATES
etal, 1997).

MA PRODUCTION AND USAGE

Reliable statistics on marine aggregate production in the
EU Member States are difficult to collate (e.g. 1ces, 2006), due
to non-standardised archiving, varying material classifica-
tion, commercial confidentiality issues (Meakins ef al., 1999)
and regulation discrepancies (Rapzevicius et al., this volume).
In general, information is more complete in those countries
that have increased dependence on marine aggregates and a
mature MA industry; hence, limited/sparse information can
be found for the Mediterranean EU States, which rely pre-
dominantly on land aggregates. Continuous production (ex-
traction) figures (for the last 30 years) are available for the
UK, the Netherlands and Belgium (Cepa, 1993; 1ces reports
2000-2006), whereas France and Germany show significant
information gaps (ices, 2006; 1,rREMER, 2007).

Liverpool "y oA
Humber
Norfolk it
Suffolk ¢'
Amsterdam Thames
k. "Uedai Bristol  Estuary P>

Southampton

English Channel 0— 80 km

-0  40km
Figure 9. Licenced areas for marine aggregate extraction in (a) the
Netherlands and (b) the UK. Adapted from Phua ef al. (2004), Ices
(2005) and Bmapa (2005). Key: 20 m, contour line of the 20 m water
depths; and I, major dredging areas.

MA Production

In the late 1980s, MA production increased significantly in
several states. The level of production has since been, more
or less, stabilised (with the exception of the Netherlands),
although significant interannual variations may occur in re-
sponse to project-led demand (Figure 8. and Table 4.). The
three main MA production countries in the EU are the Nether-
lands, the UK and Denmark, which collectively yield over 80%
ofthe marine aggregates produced by the 9 studied countries
(H arrisON, 2003; 1ces, 2006; U scinowicz ef al., 2003).

The Netherlan ds

MA production (extraction) has been increasing more or less
steadily since 1989 (Figure 8). The production from the North
Sea licensed areas (Figure 9a.) peaked in 2001 at 36.5 million
m3 in response to increased demand for fill and beach replen-
ishment material during that year; in 2005, total marine sand
production was -29 million m3 (ices, 2006). In the Dutch sec-
tor ofthe North Sea, there are no exploitable gravel resources
and, thus, the gravel needs ofthe country are covered through
imports (around 2 million m3 per year) mainly from the UK.
The increased MA production is compounded by the construc-
tion of modem facilities (wharves) in the port of Rotterdam for
the landing and processing of marine aggregates. This large
investment shows that the Netherlands plans to shift further
the production from land- to marine-based sources.

The UK

MA production has increased steadily in the past four dec-
ades (-5.7 million m3year in the 60s, -9 million m¥year in the
70s, -11 million m3¥year in the 80s and -13 million m3¥year in
the 90s). The production peaked in 1989 at 16.9 million m3(to
supply the large infrastructure/building projects in the Lon-
don metropolitan area), to decline subsequently to 10.8 million
m3in 1993 (Gussavy, 2005); since then, the annual production
has again been increasing to an annual average of -13 mil-
lion m3 (Table 4.) to provide the additional material required
for beach replenishment schemes and increasing exports. It
is expected that the marine aggregate demand will be further
increased in the near future, in order to supply the large de-
velopment projects associated with the 2012 London Olympics
(SEAMAN, 2006).

The highest demand for marine aggregates is in SE Eng-
land; thus, MA production is concentrated in the southern
North Sea and the English Channel (Bmara, 2004). Aggre-
gates are supplied from licensed areas offshore of the Thames
Estuary, the Norfolk and Suffolk coasts and the Central and
Eastern English Channel (Figure 9b.). The 3 other main MA
production areas are located in the Bristol Channel, offshore
of the Humber Estuary and in Liverpool Bay; these produc-
tion sites supply local markets. Very limited MA extraction
takes place to the north of these areas. With regard to the
type of material produced (gravel or sand), there is also a dif-
ferentiation according to location, with the southern coast, the
Thames and the Humber licensed areas producing most ofthe
gravel (Seaman, 2006).
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Denmark

There has been a considerable production of marine sand
(mostly for fill purposes) over the last decade (Table 4. and Fig-
ure 8.), to meet demands from the large infrastructure projects
undertaken along the Danish coastal zone (e.g. H ERRMANN ef al.,
1999). With the exception of the peaks of 1999 and 2005, pro-
duction volumes have remained stable at around 6-7 million m3
during the last 10 years (Cepa, 1993; 1ces, 2005; 2006).

France

Marine aggregate production has remained stable (at
around 2- 2.6 million m3per year, see Table 4.) in France for
several years (IrremER, 2007). There is a significant aggregate
demand in the northern Seine and Loire regions but, little MA
extraction takes place despite the occurrence of substantial
MA resources. At the same time, some 47 million tonnes of
aggregates have been abstracted from the channel and fluvial
terraces of the Rhone River alone since 1949 (ARNAUD-FASSET-
tA, 2003). Therefore, even though the annual aggregate de-
mand is -300 million tonnes, less than 1% ofthat is supplied
from marine sources. Approximately 1 million tonnes of ma-
rine aggregates are imported annually from the LTK and to
much lesser extent from Belgium (IrrEmEr, 2007).

Germany

Marine sands and gravels are produced in several areas ofthe
German sectors of the Baltic and (particularly) the North Seas
(see SCHWARZER, DIESING, and Manso, this volume). The produced
volumes have not been great (Figure 8. and Table 4.), but they
make an important contribution to regional aggregate supply.
Significant quantities of the extracted material are utilised in
beach replenishment schemes, whereas the remainder (approxi-
mately halfofthe annual production) is used in the construction
industry (ices, 2002). In 1994 and 2005, the production increased
sharply due to project-led demand (icks, 2006).

Belgium

Although the seabed ofthe Belgian sector of the southern
North Sea contains large quantities of sand, production is con-
centrated mainly on the Kwinte Bank (DeGreNDELE ef al., this
volume; H arrison, 2003); however, sand extraction from this
site has stopped in 2003 in order to study its potentially det-
rimental effects on the stability and biodiversity of the bank
(see van Lancker et al., this volume). MA production has in-
creased since the 1980s. In the recent years, with the excep-
tion ofa peak during 1997 (Figure 8. and Table 4.), the annual
production has remained relatively stable at 1.5-2 million m3.
Most of the produced sand is used in the construction indus-
try, whereas some small quantities are exported to France
(1ces, 2006; scuorte, 2003). Belgium imports yearly about 1.5
million m3ofmarine sand/gravel from the LTK

Poland

Production in Poland is limited, having an average of less
than 1million m3per year (Table 4. and Figure 8.). In 2004, the
fine- and medium-grained sand extracted from the Polish sector
ofthe Baltic Sea (-0.8 million m3) was used mostly in beach re-
plenishment and coastal defence schemes (ICES, 2005); limited

quantities were used in the construction industry. Some mate-
rial (e.g. -0.3 million m3in 2000), extracted from the Slupsk
Bank, has been exported to Germany (LTscinowicz et al., 2003).

Spain

MA production in Spain is allowed only for beach replen-
ishment (see Rapzevicius et al., this volume). The average an-
nual production is about 1 million m3 but there are significant
interannual fluctuations in response to beach replenishment
needs (Table 4. and Figure 8.). Extraction takes place both
in the Atlantic and in the Mediterranean inner continental
shelves, but presently is concentrated offshore ofthe southern
Spanish coastline (ices, 2006).

Mediterranean European coast

There is not an accurate registry of MA production for
Italy, the southern French coast and the other ELT Mediter-
ranean countries (e.g. Greece). In these areas, most aggregate
material is still produced from land open-quarries, river chan-
nels and terraces. Published information suggests that about
690 million m3ofaggregates have been extracted in the period
1958-1981 from the Po River valley (DaL Cin, 1983; M ARCHETTI,
2002), -93 million m3 (1950-1992) from the Emilia-Romagna
rivers (Iproser, 1994), 12.7 million m3 (1966-1975) from the
rivers of the Marche Region and more than 26 million m3
(1966-1981) from the Abruzzo rivers (Aquater, 1982). Lately,
MA production has attracted more attention, due to the dis-
covery of significant reserves offshore of the coasts of Lazio
(S. Capucci, pers. comm.) and Emilia Romagna (A. Lamberti,
pers. comm.). With regard to Greece, MA extraction has been
taking place since the 1960s, mainly from the inner continen-
tal shelf of the Greek islands (e.g. Andros, Mykonos); most of
the material produced was used in the construction industry.
Since the 1990s, stricter environmental regulations have re-
sulted in the termination of most inshore MA extraction and
production has since been concentrated offshore of the coasts
of Trikeri (N. Evoikos Gulf) and Southern Evia. Although,
there is no readily available information on annual extraction
volumes, it is thought that these are ofthe order of hundreds
ofthousands of m3rather than millions.

MA Usage

With the exception of the LTK and to a lesser extent Po-
land and the Netherlands, marine aggregates are used in the
country of production (Table 5.). Annual exports of aggregates
extracted from the LTK waters vary but, in some years, can be
more than 20% of the LIK production with the main foreign
markets being the Netherlands, Belgium and France (Bmara,
2004; 1ces, 2005). Relatively small quantities of Danish marine
aggregates are exported in some years to Sweden and Germa-
ny, whereas there are also intermittent Dutch and Polish MA
exports to Belgium and Germany, respectively (ices, 2005).

In the Netherlands, most of the MA production is used for
fill and beach replenishment, whereas in Spain the whole pro-
duction is reserved for beach replenishment (Table 5.). This
is not the case in the LTK where more than 60% of the MA
production can be used in the construction industry (Gussay,
2003, 2005; Meakins et al., 1999). In Denmark, almost 40% of
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marine sand is used in beach replenishment schemes, mainly
along the west Jutland coast, whereas almost 80% ofthe Polish
production is used for beach replenishment (ices, 2005).

With regard to beach replenishment, most of the southern
UK coast beaches consist of flint/chert gravel (shingle), where-
as the remainder ofthe UK coastline is characterised by sandy
beaches. Therefore, there will be an increasing demand for
(flint) marine gravels in the southern UK to supply the beach
replenishment schemes. As gravel deposits are limited (found
mainly in the buried valleys/drowned beaches of the English
Channel and the southern North Sea), extreme care should be
taken to use them in a sustainable manner i.e. to reserve them
for beach replenishment and not to use them in the construc-
tion industry, for which material of lesser quality is sufficient
(e.g. ArTHUKTON, 1997; BaTES ef al., 1997).

Table 5. Different usage of marine aggregates during the last years

(as a percentage of the overall production). Data extracted, from lees,
2002-2006.

Note: Data for Spain have heen extracted from lees (2006) and. data
for Belgium are based on an estimation and. can be used, only as an

approximation.

MA C tructi Beach
extracted onstruction replenish- Exports
Country 1 Industry
(million o ment (°0)
m3 (o) o)
Belgium 1.63 93.8 6.2 0
Denmark 7.01 59.9 38.8 1.4
France 2.77 nd nd 0
Germany 7.57 nd nd 0
Netherlands 29.07 49.2 434 7.4
Poland 0.64 2.9 79.6 17.5
Spain 0.48 0 100 0
UK 13.13 66.6 4.8 28.8

Future MA demand

Prediction of the future MA demand is not an easy exer-
cise, as it depends on forecasts of economic growth, the cy-
clical nature ofthe construction industry, national and Euro-
pean policies and regulation, the ability of the MA industry
to penetrate markets long held by land-won aggregates and
related investment (e.g. construction of dredging vessels and
wharves). In addition, future demand/supply is dependent on
the availability of suitable marine aggregate resources. In the
Bristol Channel (UK) for example, certain MA deposits which
have been dredged for over 60 years are coming to the end
oftheir exploitation life (H arrison, 2003); likewise, extraction
from old Outer Thames Estuary licenses is in decline. How-
ever, the UK industry has found significant new reserves in
the Eastern English Channel, the Irish Sea and the Bristol
Channel (e.g. seaman, 2006), which could last for some dec-
ades at the present rates of extraction, even though special
care should be given on the availability of gravelly material
which appears to be limited (ArtHukTON, 1997; BaTES et al,
1997; H arrison, 2003).

Future demand figures can be distorted by large “one-off’
capital development projects. For example, the UK Lincshore
beach replenishment project used 8 million tonnes of marine
aggregates (Meakins et al., 1999). In the Netherlands, plans
exist to use marine aggregates in major future developments,
which will require large quantities of material (Puua et al,
2004).

Within northwestern Europe, only the UK and the Nether-
lands have produced official estimates of the future demand
for marine sand and gravel. For the English part of the UK,
the Department of Environment (DOE) (now DEFRA) has es-
timated that the total aggregate demand in the period 1995-
2015 will be up to 7000 million tonnes (Humrureys et al.,, 1996;
MeakiNs et al, 1999). This demand is not spread evenly; in
southeastern England, where outcrops of hard rock suitable
for use (after mining and crushing) in the construction indus-
try are not available, land-won and marine sand and gravel
are vital for the construction industry (Bates et al, 1997;
Gussay, 2005). Future annual total aggregate demand for the
Netherlands (until 2020) has been estimated as 20 million
tonnes of gravel, 23 million tonnes of sand for concrete and
53 million m3 of fill sand (Meakins et al, 1999); 7 out of the
20 million tonnes of gravel will be derived from Dutch land-
based sources, whereas it is thought that the remainder will
be supplied from recycling and imports. In 1997, the Ministry
of Transport, Public Works and Water Management updated
their future demand figures for MA extraction from Dutch wa-
ters. These updates suggest that for the period 1996-2030 the
average annual extraction should be in the order of 30-33 mil-

Figure 10. (a) Multibeam image of trailing suction dredging marks
from the Kwinte Bank, (Flemish Banks, southern North Sea), adapted
from data of The Fund for Sand Extraction, Belgium; and (b) side scan
sonar image from the dredging area of Tromper Wiek (German Sector
ofthe Baltic Sea), showing the presence ofseveral anchor dredgingpits
on the gravelly seabed. Key: I, dredging marks from trailing suction
dredger (Figure 10a); II, anchor dredgingpits (Figure 10b); I11, surficial
sand deposits (light areas) on the gravelly (dark) background, formed
from the spillage ofthe sand-size fraction ofthe dredged material after
its screening on the dredging vessel (Figure 10b).
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Figure 11. Multibeam image of the Kwinte Bank (Flemish Banks,
southern North Sea), adapted from data of The Fund for Sand
Extraction, Belgium. Key: I, large subaqueous dunes; II, bank crest;
III, poorly-sorted swale sediments; and IV, dredged area.

lion m3ofsand (MeAKINs ef al.,, 1999). These figures do not take
into account additional demand for one-offprojects.

It has been estimated that large quantities of marine aggre-
gates (between 6 and 14 million m3of sand) will be required
for beach replenishment to compensate for sand loss in erod-
ing areas ofthe Dutch coastline, particularly if the effects of
sea level rise are considered (Ron2, 2004; HARTE ef al., 2003;
VAN DALFSEN and EssiNk, 1997). Future annual marine aggre-
gate demand for construction (excluding large infrastructure
projects) has been estimated as between 9.3 and 29 million
m3 (Puua et al, 2004). As, however, large land reclamation
projects have been planned for the near future, Dutch MA ex-
traction may increase very substantially. The most important
of these projects are: the enlargement ofthe Rotterdam Har-
bour, which will require up to 300 million m3ofsand and the
Westerschelde (Western Scheldt) Container Terminal (WCT),
which will require up to 20 million m3 (DHv MILIEU & INFRA-
STRUCTUUR, 2003).

MA PRODUCTION TECHNIQUES

MA production incorporates 3 main phases: (i) identifica-
tion ofthe potential deposit; (ii) evaluation (prospecting) ofthe
deposit and (iii) aggregate mining (extraction). The first phase
(identification of a potential deposit, Phase 1) is often linked
to other marine research projects such as general geological
mapping of the seabed (e.g. HAMBLIN ef al, 1992; JacksoN et

Table 6. Main differences between multibeam echosounders and side
scan sonars (After Van Lancker, 2003).

Very-high resolution
multibeam system

Highly accurate water depth
measurements

Integrated sensors for motion
correction or positioning
Provision of (depth- and angle-
corrected) backscatter data,
expressed in numerical values
(dB), allowing quantitative
evaluations

Transducers rigidly mounted
onto the survey vessel hull or
poles, eliminating most casting
shadows

Better in deeper waters as
swath width depends on water

Very-high resolution digital
side-scan sonar system

Very-high resolution, multi-
parameter image obtained in
real time

Most systems have no additional
sensors for water depth, motion
correction or positioning
Backscatter is function ofthe
reliefand intrinsic nature ofthe
seafloor and depends on gain
settings; thus, only qualitative
evaluations are possible
Superior for target detection due
to the low grazing angle which
produces distinctive shadows
behind objects

depth More efficient bandwidth

Very-high resolution imagery, sampling

but extensive processing time Better in shallow waters due to

Sound velocity measurements the low grazing angle and swath

over the vertical are needed widths which are independent of

Expensive system/need for water depth

additional sensors Generally, higher resolution

Various corrections required images

(e.g. systematic errors, tidal Quick processing, but thorough

effects, heave, vessel lift/squat,  interpretation requires skilled

antenna motion and internal personnel

time delays), particularly No calibration required

in shallow water. Sensor Cost-friendly system that can

calibration needed. easily be deployed from vessels
of opportunity

al., 1995) and/or habitat mapping. If an area appears prom-
ising, a prospecting license will be obtained according to the
procedures in place in each state (see also Rabzevicius et al.,
this volume) to prospect/evaluate the potential ofthe deposit
in detail (Phase 2). Finally, if the deposit is found to be eco-
nomically viable, an extraction license is obtained and mining
(dredging) commences (Phase 3).

Prospecting techniques
The evaluation of sand and gravel deposits (Phase 2) re-

quires the use of specialized equipment, such as: (a) acoustic
(seismic) sources, powerful enough to penetrate the medium-
and coarse grained sediments and, at the same time, having
sufficient resolution to map accurately the internal architec-
ture ofthe sedimentary deposit and (b) coring equipment able
to penetrate at least 2 to 3 m into a medium- and/or coarse-
grained sedimentary sequence. Reviews of seabed mapping
techniques already exist (e.g. KENNY et al., 2003). Neverthe-
less, it is useful to summarise particular techniques used in
the marine aggregate prospecting and which are based on
the:

» collection of indirect (remotely-sensed) information on the
geomorphology/geology ofthe seabed, using acoustic sourc-
es (e.g. single and/or multibeam echosounders, side-scan
sonar, continuous seismic profiling equipment) and

* collection of (direct) ground-truth data, using superficial
(grab) and sub-bottom (gravity and vibro-core) sediment
samplers.
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Information from both the direct and indirect methods is
combined, as the scope ofthe prospecting is not only to identify
the spatial (horizontal and vertical) extent of the MA deposit,
but also to evaluate its quality (i.e. its texture, mineralogy,
shell and salt content etc).

Acoustic sources

The acoustic devices used in MA prospecting are differenti-
ated into those that provide information on the seabed geo-
morphology (bathymetry) and superficial sedimentology ofthe
resource and those that provide information on its thickness
and internal architecture (sub-bottom profilers). Depending
on the research vessel used and the logistics of the prospect-
ing survey, such equipment can be used either concurrently
or sequentially.

Superficial mapping of the MA deposits

The ‘work horse’ of seabed geomorphological mapping is
the side-scan sonar. It provides information (sonographs) on
the distribution ofthe acoustic characteristics of the seabed,
on the basis ofthe intensity ofthe seabed backscatter of the
transmitted acoustic energy front. As the backscatter inten-
sity is controlled by the acoustic reflection coefficient (C ),
which is different for each particular sedimentary material,
sedimentary facies (and/or areas of exposed bedrock) can be
demarcated on the seabed (Figures 6. and 10b.), provided
that the backscatter intensity patterns will be calibrated by
sufficient ground truth data (superficial sediment samples).
In addition, as bedrock outcrops, sedimentary bedforms and
other morphological features produce “acoustic shadows”be-
hind them (Figure 6.), the position, dimensions and symmetry
(in the case of sedimentary bedforms) ofthese features can be
estimated from the dimensions ofthe acoustic shadow and its
position relative to the side-scan sonar “fish”. However, cor-
rections should be made on the different distortions apparent
on the sonographs (e.g. Vourgaris and Corrins, 1991), which
are nowadays performed by algorithms incorporated within
the data acquisition systems ofthe digital side-scan sonars.
The resolution ofthe sonographs depends on the frequency of
the transmitted pulse being commonly between 100 and 500
kHz in the new dual frequency high resolution systems used
for the mapping of the marine aggregate deposits.

Multibeam echo-sounders provide both bathymetric and
backscatter data ofthe seabed (Davies et al., 2001). Accurate wa-
ter depth information concerning the MA deposit is essential for
its efficient exploitation, whereas the acoustic backscatter ofthe
transmitted pulses can provide information on the nature ofthe
seabed. Although the multibeam echo-sounders are extremely
powerful water depth measuring and imaging devices (Figures
10a. and 11.), they have both advantages and disadvantages con-
cerning the mapping of the acoustic character of the seabed in
relation to the side-scan sonar systems (Table 6.).

Thickn ess and internal arch itecture of'the MA deposit

The MA deposit thickness and architecture are studied us-
ing continuous reflection profiling and seismostratigraphic
techniques (e.g. McQuiLLiNn and ArRpus, 1977; PosaMENTIER and
vaiL, 1988). MA deposit surveying requires high resolution

acoustic sources (e.g. sparkers, boomers, chirp and 3.5-2.5 kHz
systems), which produce sequences ofrelatively high frequen-
cy acoustic pulses that after their reflection from the seabed
and sub-bottom reflectors return to hydrophone strings towed
behind the survey vessel to be recorded and provide images of
the internal architecture ofthe deposit (see Figures 1, 2., 3.,
4., 5. and 7.). As the frequency and energy ofthe transmitted
acoustic waves control the resolution and penetration, it is im-
portant to use the right acoustic source for optimal results. As
a general rule, medium- and coarse-grained deposit surveying
requires acoustic sources with frequencies equal and/or less
than 2.5 kHz, commonly at 500-2000 Hz depending on the tex-
ture ofthe deposit. It should be noted that, as the exploitable
MA deposits are located at relatively shallow areas (10-40 m
water depths) there are certain difficulties in the interpreta-
tion ofthe acoustic (seismic) records, related to the masking of
primary reflections by multiples (see for example Figure 7b.).

Ground-truth data

The remotely-sensed acoustic information requires ‘calibra-
tion/validation’ from ground truth data. These data are either
superficial sediment samples collected using Van Veen, Ham-
mon and/or large hydraulic grabs (for the calibration of the
side-scan sonar and multibeam images) or sediment cores (for
the calibration of sub-bottom profiling data). The preferred cor-
ing equipment is the vibro-core, as it can achieve satisfactory
penetration into the medium- and coarse-grained sediments
of the MA deposits. The ground truth data not only calibrate/
validate the acoustic data allowing volume estimations but,
they provide also information on the quality ofthe MA deposit
(e.g. on its grain-size, mineralogy and carbonate, organic mat-
ter and chloride content) through the analysis ofthe recovered
sediment samples.

The prospecting data can also be used to provide essential
information on the mobility/morphodynamics of the MA de-
posit (Brampron ef al, 1998) and to map its habitats, which
are essential components of the required environmental im-
pact assessment ofthe exploitation ofthe deposit (Rabzevicius
et al., this volume; vivian, 2003). It must be noted, however,
that both the collection and the interpretation ofthe relevant
information require careful analysis and skilled personnel,
otherwise serious errors may arise in the evaluation and sub-
sequent exploitation of the deposits (VELEGrakIs, Gao, and
CorLins, 1994).

Extraction

The type of dredging vessel is usually determined by the
existing regulatory regime, economic considerations, contac-
tor requirements and site conditions. Nowadays, dredging ves-
sels operate around the clock, 365 days a year. In the UK, the
construction cost of a modern tailing suction vessel is around
£15-20 million (22-30 million €). A modern large dredger can
extract and load some 5,000 tonnes of marine sand and gravel
from 40-60 m water depths in 3 hours, with overall operation-
al cycles usually between 12 and 36 hours, depending upon the
port of discharge (Bates et al., 1997).

Two main types of dredging vessels are used for marine sand
and gravel extraction: (i) trailer suction dredgers and (ii) an-
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chor suction dredgers (see for example 1uc, 2007). The former
can operate under relatively rough sea conditions, extracting
sediments through their suction pipes’while steaming over the
deposit; they operate very much like moving vacuum cleaners’,
resulting in the development of suction furrows (up to 1 m deep)
on the sedimentary bed (see Figure 10a.). The aggregates are
emptied by opening bottom hatches or by pumps. Because of
their high production rates, these dredgers carry out most land
reclamation projects and are also suitable for harbour main-
tenance dredging and pipe trenching. The latter extract sedi-
ments while anchored and the suction method employed results
in the development of suction pits (Figure 10b.). These vessels
can operate in relatively deep waters, but they are sensitive to
strong currents and rough weather conditions; moreover, they
are not suitable for channel/harbour construction projects, as
they produce confined excavations. This method is now prohib-
ited in some EU Member States (e.g. Belgium), as it is consid-
ered to have large environmental impacts.

Dredging activities are subject to environmental impact as-
sessments and should be controlled by the competent regula-
tory authorities (see R apzevicius ef al., this volume). In several
(but not all as it should) EU Member States, dredging ves-
sels are required to be equipped with Electronic Monitoring
Systems (“black boxes”), which allow the monitoring of their
activities and their compliance with the licensing terms.

SUMMARY AND CONCLUSIONS

Marine aggregates are a mineral resource of increasing
importance for the EU Member States. Additional resources
are needed to meet future demand, which is bound to increase
substantially due to both increasing coastal zone development
and the need to battle accelerating coastal erosion effectively.
Flowever, in order to develop an effective and sustainable Eu-
ropean strategy, several problems facing the industry should
be addressed. These include (amongst others): lack of stand-
ardisation of the relevant information, difficulties related to
the access to information and the presence ofbarriers between
the scientific research establishments and the marine aggre-
gate industry.

This review has shown that there are serious standardiza-
tion issues as well as important information gaps that hinder
the sustainable development of the industry. With the excep-
tion of few Member States, the situation is rather discour-
aging, particularly in the Mediterranean countries. In some
cases, it has shown to be very difficult to access the relevant
information (e.g. production volumes, resource estimates), as
this is scattered between several organizations. It is important
that these issues should be addressed as quickly as possible,
possibly through European-wide initiatives.

Although the technology and know-how’ are available, it
appears that these are seldom employed in the discovering
and evaluation of new marine aggregate resources. Flence,
multibeam echosounding techniques are used rarely and the
same is true for the modern techniques in the acquisition and
interpretation of the remainder of the acoustic data. These
problems appear to be related to an apparent lack of coordina-

tion between the scientific research establishments and the
MA industry, which is endemic in most EU Member States.
A closer collaboration between them would not only have sub-
stantial benefits for both, but it would also prove to be cost-
effective.

Finally, it should be kept in mind that marine aggregates
are finite, being a non-renewable resource. Therefore, they
should be used in a sustainable manner and effective policies/
administrative frameworks should be developed to address
future shortages, particularly with regard to certain types of
material (e.g. gravel).
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This paper provides a briefreview of regulations and procedures relevant to the authorization of marine aggregate (MA)
operations in eight EU Member States. MA operations are affected by a multi-level legislative/regulatory regime, consisting
of international conventions (e.g. the UNCLOS 1982, OSPAR, Helsinki, ICES, Barcelona and Espoo Conventions),
secondary EC legislation (e.g. the Environmental Impact Assessment Directives (85/337/EEC and 97/11 EC) and the
Freedom of Access to Environmental Information Directive (2003/4/EC)) and national legislation or regulation.

It appears that rules and procedures relevant to MA extraction vary considerably between the considered Member
States. In general, relevant information is not easily available in accurate, comprehensive and up-to date form. As a
result, it is difficult to assess whether and to which extent national practice in relation to MA extraction authorization
is in substantive compliance with the requirements of existing international and European rules and regulations
aimed at sustainable development and protection of the marine and coastal environment.

ADDITIONAL INDEX WORDS: Marine aggregates, aggregate mining licensing, environmental law and regulation, marine
sand and gravel, environmental impact assessment

INTRODUCTION

In the past three decades, marine aggregates (MA)l have
emerged as an important mineral resource in a number of Eu-
ropean Member States, particularly in the Netherlands, the
UK2 and Denmark (VELEGRAKIS ef al., this volume) and, to a
lesser extent, in Belgium, Germany, France and Poland (ICES
2001; 2003a; 2004; 2005; 2006, 2007). MA exploitation/extrac-
tion3has become an increasingly important activity due to (a)

1 Non-metallic marine sediment deposits (sands and gravels), used in the con-
struction industry (e.g. in the construction of highways and buildings), as fill
material and in beach replenishment, dune restoration, and foreshore nour-
ishment (http://www.walesenvtrust.org.uk/content.asp?id=548). The marine
aggregate industry classifies granular sedimentary material consisting of par-
ticles with diameters ranging between 0.063 and 4 (or 5) mm as sand, and mate-
rial with particle-sizes greater than 4 (or 5) mm as gravel.

2 Mostly in England and Wales (http://www.crownestate.co.uk/).

3 MA extraction is a mining activity carried out in shallow marine areas (usu-
ally up to 45-50 m water depth) with the sole purpose of collecting granular
sedimentary material to be used as aggregates. Bottom sediment removal and

DOI: 10.2112 / SI51-003.1 received 23 January 2007; accepted in
revision 12 February 2008.

stricter mining regulations (JEwEeLL, 1996; PRrRING, 1999) and
growing social resistance against land aggregate extraction
(Puua et al., 2004) and (b) increasing general demand (Birk-
Lunp and W osMaN, 2005; and M EAKINS ef al., 1999).

In the near future, extraction is bound to increase from the
current levels in order to provide the marine aggregates needed
for the realisation of large-scale infrastructure projects planned
for the European coastal arcas4 At the same time, since Eu-

disposal related to the excavation/deepening of navigation channels and berths
or other marine construction works (see, for example http://en.wikipedia.org/
wiki/Dredging; http://www.iadc-dredging.comAndex2.html; http://www.mceu.
gov.uk/mceu_local/FEPA/MENU-IE.HTM) are beyond the scope of this contri-
bution and will not be considered.

4 For example, the construction ofthe deep-water port ofJade Weser Port (Wilhelm-
shaven) for large container vessels and the airport facilities for the new mega-air-
liner A 380 in Hamburg-Finkenwerder in Germany require 50 and 12.5 x 106m3
sand respectively (http://www.dredging-in-germany.de). In the Netherlands, the
enlargement ofthe Rotterdam harbour (MV2) and the construction ofthe Wester-
schelde Container Terminal (WCT) require 250-300 x I06m3and 20 x I06m3sand,
respectively (VanDalfsen et al., 2004), which are planned tobe extracted from the
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North

.The'Mediterranean Sea

Figure 1. Overview map of8 EU Member States which were considered
and involved in the EUMARSAND Project. (Note: The map does not
give the exactboundaries of maritime areas ofthe coastal states). Key:
BEL, Belgium; FRA, France; GER, Germany; PL, Poland; NTH, The
Netherlands; SPE, Spain; GR, Greece; and UK, The United Kingdom.
The Atlantic and Baltic waters under the jurisdiction (including the
Territorial Waters (TW) and the Exlusive Economic Zones (EEZ)) of 7
EU Member States and the Mediterranean waters (only the TW)under
the jurisdiction of2 EU Member States are shown in light grey. In the
Mediterranean Sea, the bold line shows the agreedboundaries between
two coastal states, whereas the dash line shows the median line between
coastal states and the question-marks the interrogation points between
two coastal states. Adapted from the WW F/S.Christiansen (see Unger,
2004), Alsied, 2006, Polish Geological Institute (see http://www.pgi.
gov.pl/), http://www.offshore-sea.org.uk/site/scripts/sea_archive.php,
and BSH maps (see http://www.bsh.de/en/).

ropean coasts are under increasing coastal erosion (EUROSION,
2003; 2004a and 2004b), coastal protection schemes (e.g. DEAN,
2002) requiring large quantities of marine aggregates5are neces-
sary in order to facilitate and manage coastal zone development
(HUMPHREYS et al., 1996; Puua et al., 2004; and VAN DALFSEN et al.,
2004). New resources must be found and, at the same time, di-
verse environmental and economic concerns must be addressed.

Mineral resource exploitation affects all environmental me-
dia. PriNG (1999) states that “mining inherently implies envi-
ronmental degradation...[it] is not an environmentally-friendly
activity”. MA extraction, in particular, may have significant ef-
fects on the coastal water quality, the seabed and the associated
flora and fauna and influence significantly the coastal zone mor-
phodynamics (BirkLunDp and W usMaN, 2005; BRAMPTON, E VANS,
and VELEGRAKIS, 1998; DE Groot, 1996; ELLis and M ACD ONALD,

North Sea. Moreover, huge quantities of marine aggregates will be needed for
the construction ofthe new London Olympic facilities.

6 For example the future need of sand forbeach nourishment in the Netherlands
is predicted to be between 9.8 and 14 x 106 m3 per year (van DaLrseN et al.,
2004) and in Germany atleast 1.3x106m3per year (in Schleswig-Holstein and
Mecklenburg-Western Pomerania) (http://www.dredging-in-germany.de).

1998; GUBBAY, 2003; and KeEnny and REEsS, 1994; 1996); it must
be noted that, as the operating costs of dredging are generally
high and increase with the distance from the landing ports and
the depth of the deposits, marine aggregate extraction takes
place at water depths less than 45-50 mé6. There are also po-
tential conflicts of interest between the M A industry and other
shallow marine water users, such as the fishing, shipping and
the oil industries, due to competing demands for space, access
and usage (BARRY, E LEMA, and VAN DER M OLEN, 2003; BMAPA,
1995; and NETHERLANDS M INISTRY OF H OUSING, 2001).

Gradual depletion ofthe easily accessible resources, coastal
ecosystem conservation and diverse stakeholder interests re-
quire that resource sustainability, environmental prudence and
careful management should be crucial components of the prac-
tice and regulation of MA operations; moreover, they demand
the development of coherent policies/regulations on the licens-
ing and practice of offshore mining operations. However, it is
not clear whether the current regulatory framework governing
MA operations in EU Member States adequately reflects the
above considerations, as no comprehensive review of MA regu-
lation appears to have been carried out so far.

The present contribution attempts to provide an overview
of the regulation of MA operations7 in a number of European
Member States (Figure 1) to help identify existing discrepan-
cies and weaknesses and provide some necessary background
for potential areas for improvement. The specific objectives of
this contribution are to:

(i) describe the current regulatory regimes governing MA ex-
traction/exploitation activity in several EU Member States and
their relation to the relevant international and supra-national
environmental legislation; and

(ii) provide some tentative comment on whether the iden-
tified existing regulatory regime succeeds in effectively ad-
dressing concerns regarding the environmental impact of ma-
rine aggregate extraction.

THE RELEVANT REGULATORY REGIME

Marine resource exploitation is commonly regulated ac-
cording to two different regimes, both of which are designed
to prevent overexploitation and ensure nature conservation.
The first of these regimes, which is the subject matter of this
contribution, governs mainly the activity-based management.
The second regime, which is beyond the scope ofthis contribu-
tion, applies to marine areas, which enjoy special protection
status (e.g. Marine Protected Areas, MPAs) and are subject to
particular protection regulations8.

Activity-based management measures are predominantly
sector-based regulations which, in the case of the MA indus-
try, are dealing with the different stages of exploitation i.e.

6 See http://www.ihcholland.com/tAhcholland_com/; http://www.ukdredging.com/
our_services/dredging.htm and http://www.dredging.com/).

7 Every effort has been made to identify primary sources oflegislation/regulation
using information available electronically in the public domain (information ac-
curate as in February 2008). However, in some cases reliance had to be placed
on secondary sources, which are identified as appropriate.

8 For details and analysis of these regulatory regimes, see, for example, Gus-
BAY (2004); (2005&); (2005b); RicuarTz and SporroONG (2003) and scumint and
C HRISTIANSEN (2004)
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resource exploration (prospecting) and its licensing and min-
ing operations and their licensing9. The legal and institutional
framework which controls these operations will be considered
with regard to: (i) seabed ownership/private property rights and
their transfer to another public or private entity for the purpose
of MA extraction and the relevant administrative regulation
(e.g. prospecting regulation, data management and exploita-
tion licensing); and (ii) the environmental impact assessment
(EIA) of MA operations, so as to help consider how effective the
existing regulations are in terms of environmental protection/
conservation (e.g. environmental impact assessment of MA ex-
traction, operation monitoring, liability and sanctions).

As the relevant regulation consists of several layers or lev-
els (ie. international, European and national), these need to be
taken into account and presented in context. The international
dimension will be presented by way of an overview of the most
relevant Conventions, in particular the UN Convention on the
Law ofthe Sea (UNCLOS) 1982, the OSPAR Convention 1992,
the HELSINKI Convention 1992, the Barcelona Convention
1995, the ICES Convention 1964 and the ESPOO Convention
1991 together with its 2003 SEA Protocol. The European dimen-
sion will be considered by reviewing relevant EC Directives, in
particular the Environmental Impact Assessment Directives
(85/337/EEC and 97/11 EC), the Strategic Environmental As-
sessment Directive (2001/42/EC), the Freedom of Access to En-
vironmental Information Directive (2003/4/EC) and the Habitats
(92/43/EEC) and Wild Birds (79/409/EEC) Directives. Finally,
the national dimension will be presented by considering the na-
tional legislation/regulation in eight EU Member States, namely
the United Kingdom, Germany, Spain, France, the Netherlands,
Poland, Belgium and Greece. Information available as ofthe end
of November 2007 has been taken into account.

INTERNATIONAL CONVENTIONS

Marine environmental policy development takes place
within a framework ofover 70 international and regional con-
ventions and agreements; however, only a few ofthese directly
affect MA operations.

The United Nation Convention on the Law of the Sea
1982 (UNCLOS)

The 1982 UNCLOSIQ which has been adopted by all of the
EU Member States under consideration herell, provides for the

9 The management/regulation of associated activities, such as the sea transpor-
tation to land-based treatment facilities of the extracted marine aggregates,
their treatment and transport to placement sites, which are also related to this
regime, are not going to be dealt with here.

10 Final draft presented and signed in Montego Bay on the 10/12/1982 and entered
into force on 16/11/1994. For further details, as well as the text and latest status
ofratification of the Convention and related agreements, see: http://www.un.org/
DeptsAosAndex.htm. Attention should also be drawn to the “Agreement relating
to the Implementation of Part XI of the Convention”, which deals with deep-sea
miningin "TheArea . The term is defined, in Art. 1(1)(a) ofthe Convention, as ‘the
seabed and ocean floor and subsoil thereof, beyond the limits of nationaljurisdic-
tion'. The Agreement, which entered into force on 28/7/1996, has had important
implications on the ratification of the Convention by most developed States, hav-
ing alsobeen adopted by all ofthe EU Member States under consideration here.

11 For the ratification status of the Convention for the 8 EU Member States
considered, see http://www.un.org/Depts/los/LEGISLATIONANDTREATIES/
andhttp://www.oceanlaw .net/texts/index.htm.

delimitation of maritime zonesI2and prescribes a detailed over-
arching international legal framework ofrights and obligations in
respect of usage, development and preservation for these zones,
including resource mining. According to the 1982 LTNCLOS, the
starting point for the delimitation ofthe different maritime zones
is the baseline13 Coastal States are entitled to claim territorial
seas4up to 12 nautical miles wide (starting from the baseline)
and, in relation to these, enjoy full sovereignty.

Relevant to MA operations is also the Exclusive Economic
Zone (EEZ), which can extend up to 200 nautical miles from
the baselinela Within the EEZ, the Coastal States exercise
sovereign rights to explore and exploit the natural resources,
whether living or non-living, of the waters superjacent to the
sea-bed and of the sea-bed and its subsoil; they also have ju-
risdiction over artificial structures, marine scientific research
and marine environment protectionlé A similar (though not
identical) regime deals with the Continental Shelf (CS) of
Coastal States17 It must be noted that for some Coastal States
(for example the LTK) national claims of CS (reflected in their
national legislation) were originally based on the 1958 Geneva
Convention on the Continental Shelf (CSC)18and have not yet
been changed according to the 1982 LTNCLOSI9.

Contracting Parties to the 1982 LTNCLOS are under wide-
ranging obligations to protect and preserve the marine envi-
ronment2and take all necessary measures to prevent, reduce
and control pollution2l. Thus, the Contracting Parties are un-
der the obligation to monitor and assess whether potential
harmful effects of marine mining activities may occur2 and
communicate/publish reports on this monitoring and assess-
ment23; moreover, the Contracting Parties are required to: (a)
adopt effective laws and regulations to ‘prevent, reduce and
control pollution of the marine environmen't arising from or
in connection with seabed activities ... ”and (b) ensure the en-
forcement of such laws and regulations4.

12 The maritime zones are the Territorial Sea, the Contiguous Zone, the Conti-
nental Shelf, the Exclusive Economic Zone and the High Seas.

13 The baseline is a line along the Coastal State’s coastline (at or close to it) from
which the breadth of each of the maritime zones is estimated. For details on
the different methods used for the determination of'the baselines, see Articles
5-14 ofthe 1982 UNCLOS.

14 See UNCLOS Articles 2 and 3.

10 See UNCLOS Atrticle 57.

16 See UNCLOS Article s6.

17 See Part VI of the Convention, in particular Articles 76 and 77. It must be
noted, that there are some differences between the EEZ and CS regimes. A
Coastal State’s rights in relation to the Continental Shelf may extend beyond
200 nm (Article 76). However, the rights do not extend to superjacent waters.
Art. 77(4) defines natural resources for the purposes of the Continental Shelf
regime as “mineral and other non-living resources of the seabed and subsoil
together with living organisms belonging to sedentary species

18 Adoptedin Geneva on 29/4/1958; entered into force in 10/6/1958.

19 Gisson, 2004; see also UNCLOS Webpage: http://www.un.org/Depts/los/LEG-
ISLATIONANDTREATIES/, where an up to date table of maritime claims can
be found.

2 Art. 192. Thisis regulatedin great detailin Part XII ofthe Convention which is
devoted to “Protection and Preservation ofthe Marine Environment”.

21 Seein particular UNCLOS Art. 194 (3)(b) and (c), which provides for an obliga-
tion to take measures to “minimize to the fullestpossible extent’ pollution from
“vessels’and from “installations and devices used in exploration and exploita-
tion ofthe natural resources ofthe seabed and subsoil...”. .

2 See UNCLOS Articles 204 and 206.

2 See UNCLOS Article 205.

24 See UNCLOS Articles 208 and 214, which are specifically relevant in relation
to exploration and exploitation of the seabed and, thus, to marine aggregate
operations.
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Table 1. Participation in the Conventions referred to in the text, of the EU Member states considered in thepaper.
(http ://'www.un.org/Depts/Ios/LEGISLATIONANDTREATIES/, http://www.oceanlaw.net/texts/index.htm,www.ices.dk/indexfla.asp, www.
ospar.org, www.helcom.fi,www.unepmap.org/home.asp and http:/Zwww.unece.org/env/eia/).

CONVENTIONS
COASTAL STATE
UNCLOS ICES OSPAR Helsinki Barcelona Espoo

Belgium X X X
France X X X

Germany X X X X
Greece X X X
The Netherlands X X X
Poland X X X X
Spain X X X X
The LTnited Kingdom X X X
European Community X X X X

The Convention for the Protection of the Marine
Environment of the North East Atlantic 1992 (OSPAR
Convention)

The OSPAR Convention2 provides a legal framework for
agreements and cooperation in the North-East Atlantic region
(Table 1), with the objective of taking all possible steps to pre-
vent and eliminate pollution and protect the marine environ-
ment from the adverse effects of human activities. The Con-
vention includes specific rules in its Annexes I to IV to deal
with pollution from land-based sources, dumping, and offshore
sources, as well as with monitoring and assessment ofthe ma-
rine environment. Annex V, adopted in 1998, had the aim to
extend the cooperation of the Contracting Parties to cover all
human activities that might adversely affect the marine envi-
ronment ofthe North East Atlantic. It deals with the protection
and conservation of marine ecosystems and, when practicable,
with their restoration. Criteria for identifying potentially harm -
ful human activities for the purposes of Annex V are set out
in Appendix 326 these clearly cover MA operations. In 2003, a
specific “Agreement on Sand and Gravel Extraction” was ad-
opted2]. The Agreement requires Contracting Coastal States to
take into account the “ICES Guidelines for the Management of
Marine Sediment Extraction” (ICES, 2003b) within their pro-
cedures for authorising marine sediment extraction. National
procedures should also take into account ‘the ecosystem-based
approach to management of human activities ”, where appropri-
ate, strategic plans should be developed and subjected to stra-
tegic environmental assessment (SEA). Finally, the Agreement
provides that authorisations for extraction of marine sediments
from any ecologically sensitive site should only be granted after

2 The OSPAR Convention opened for signature in Paris on the 22/9/1992 and
entered into force on the 25/3/1998. For further details, as well as the text and
status ofratification ofthe Convention, see www.ospar.org.

2 Annex V on the protection and conservation of the ecosystems and biological
diversity ofthe maritime area. Note that Annex V and Appendix 3 entered into
force on 30/8/2000. Annex V has been ratified by six of the eight EU Member
States here considered, namely Spain, the United Kingdom, the Netherlands,
Belgium, Germany and France; it has also been ratified by the EC.

27 Agreement 2003-15, adopted in Bremen (Germany).

consideration of an environmental impact assessment (EIA)X
and, ‘Where a site is subject to protective measure, but over-rid-
ing public interests require the extraction of marine sedimen ts
with a consequential significant adverse effect on the site, all
necessary steps are taken to avoid adverse impacts on the func-
tioning of'the ecosystem ofwhich it forms part

The Convention on the Protection of the Marine
Environment of the Baltic Sea Area, 1992 (Helsinki
Convention)

The Helsinki Convention® requires its Contracting Par-
ties inter alia, to take ‘all appropriate legislative, admin istra-
tive or other relevant measures”, individually or by means of
regional co-operation, ‘fo prevent and eliminate pollution in
order to promote the ecological restoration of the Baltic Sea
area and the preservation of'its ecological balance’3) The Con-
tracting Parties (Table 1) are under the obligation to exercise
control over their dredging operations (HELCOM, 2002). In
addition, the HELCOM Recommendation 19/1 on “Marine
Sediment Extraction in the Baltic Sea Area”3l should be taken
into consideration when issuing extraction permits. According
to these recommendations, all sediment extractions should be
carried out in accordance with the detailed guidelines set out
in Recommendation 19/1. These require environmental impact
assessments to be carried out, in accordance with specified
minimum criteria, as part of all extraction permission proce-
dures. The guidelines also require that in extraction practice,
‘all measures shall be taken in order to min imize the ecological
impacts caused by sedim ent extraction and transport of the ex-
tracted material”’and that environmental monitoring is to be a
component of every kind of extraction activities. Importantly,
the guidelines also require that “monitoring data’, as well as

R In accordance with the ICES Guidelines or with the EC Habitats Directive, as
appropriate. ICES Guidelines and the relevant EC Directives are considered
below.

2 The Helsinki Convention, signed in 1992, entered into force on the 17/1/2000.
For details, see www.helcom.fi. Ofthe EU Member States considered here, only
Poland and Germany are Contracting States.

3 Helsinki Convention Art. 3(1).

31 Adopted on the 23/3/1998, http://www.helcom.fi/Recommendations/en GB/
recl9_1/.
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‘the results of the environmental impact assessement which
has formed the basis for the decision on an extraction permit
should be made available for scientific evaluation.” In which
way is, however, not specified further.

According to the guidelines, extraction permits for “Sensi-
tive Areas’, shall only be granted if a “thorough EIA”in ac-
cordance with the guidelines “is proving that the extraction is
not likely to cause significan t negative ecological effects or lead
to a deterioration of the area’32 The list of the sensitive areas
in the guidelines includes, among others, Baltic Sea Protected
Areas (BSPAs), in relation to which special planning and man-
agement guidelines and tools have been prepared33 However,
the list also includes more generally “marine areas near to the
coast with significance for coastal sediment transport or with
protective function for the coastline (e.g. sand banks, spits and
bars)”. Thus, in respect of MA extraction in relation to such
“sensitive areas”, a thorough EIA is always required and ex-
traction permits should only be issued ifthe EIA proves that
significant negative ecological effects or deterioration of the
area is not likely.

As concerns compliance with HELCOM Recommendation
19/1, Contracting States are required, under Art. 16 (1) of the
Convention to report, at regular intervals, on "legal, regula-
tory or other measures taken for the implem entation ofthe Con-
vention, its Annexes and of recom mendations”, as well as on
the effectiveness of such measures and problems encountered.
Nevertheless, a report, published by HELCOM in 200334 sug-
gests that none ofthe HELCOM Recommendations in the field
of nature conservation and coastal zone management have
been fully implemented and that in many cases, reporting is
sketchy and does not allow for any reliable conclusions to be
drawn. As concerns Recommendation 19/1, the summary table
in the report records implementation by only some ofthe Con-
tracting States, including Poland, but not Germany.

The Convention for the Protection of the Mediterranean
Sea against Pollution, 1976 and Convention for
the Protection of the Marine Environment and the
Coastal Region of the Mediterranean, 1995 (Barcelona
Convention).

The Barcelona Conventionsets out a legal framework for
regional and sub-regional agreements and cooperation36for the

P See HELCOM Recommendation 19/1, Attachment IB. The guidelines also
state that extraction permits shall not he granted for (a) nature reserves, (b)
national parks or (c) areas included in or proposed for the NATURA 2000 net-
work, except when the procedure of Art. 6 of the EC Habitats Directive is fol-
lowed.

3B Baltic Sea Environment Proceedings No. 105, Planning and management of
Baltic Sea Protected Areas: Guidelines and tools, HELCOM 2006 http://www.
helcom.fi/stc/files/Pubhcations/Proceedings/bsepl05.pdf

34 HELCOM 24/2003, Compliance with the requirements of the Convention and
HELCOM Recommendations, Bremen, 25/6/2003. http://www.helcom.fi/stc/
files/BremenDocs/H CsuppCphDecl.pdf

3 The original 1976 Barcelona Convention entered into force on the 12/2/1978;
it has been modified/replaced by the amended 1995 Convention adopted in
Barcelona on the 10/6/1995, which entered into force on 9/7/2004. For details
see http://www.unepmap.org/home.asp

3 See also one of the main tools for the implementation ofthe Convention and
its Protocols, the "Mediterranean Action Plan for the Protection ofthe Marine
Environment and the Sustainable Development of the Coastal Areas of the
Mediterranean” (MAP Phase II), which amends the previous plan, the "Medi-
terranean Action Plan” (MAP). It has as its main objectives (a) to ensure sus-
tainable management of natural marine and land resources and to integrate
the environment in social and economic development, and land-use policies,

protection of the marine environment of the Mediterranean
Sea from pollution. It requires the Contracting Parties (Table
1) to take all appropriate measures (individually or jointly) in
accordance with the provisions ofthe Convention and those of
its Protocols37to which they are a party, to prevent, abate and
combat pollution ofthe Mediterranean Sea area and to protect
and enhance the marine environment in that area.

The issue of MA extraction is covered by Art. 7 of the Con-
vention, which requires Contracting Parties to “take all ap-
propriate measures to prevent, abate, combat and to the fullest
possible extent eliminate pollution ... resulting from exploration
and exploitation of the continental shelfand the seabed and its
subsoil”. The corresponding Offshore Protocol to the Conven-
tion3® which, however, has not yet entered into force, contains
more specific requirements relevant to authorization of MA
operations, such as surveys concerning the effects of the pro-
posed activities on the environment and, in appropriate cases,
environmental impact assessment in accordance with Annex IV
(Environmental Impact Assessment) to the Protocol39.

The Convention for the International Council for the
Exploration of the Sea (ICES), 1964

The International Council for the Exploration of the Sea
(ICES)4is an international scientific organization with the
objective to study and assist in the safeguarding ofthe North
Atlantic marine ecosystems and their living resources. The
ICES Convention 1964 sets out a Constitution for the Council
with a view to facilitating implementation of its programme,
as well as some substantive obligations for the State Parties,
such as the obligation to furnish to the Council any informa-
tion which will contribute to the purposes ofthe Convention4l.
A strategic plan was adopted by the State Parties in 2002,
further strengthening the mandate and activities of ICES .

The Council promotes marine research and publishes and
communicates its results. Furthermore, ICES provides formal
advice and data handling services to the OSPAR and Helsinki
Commissions. In relation to MA extraction, the ICES and its
Working Group on the “Effects of Extraction of Marine Sedi-
ments on the Marine Ecosystem (WGEXT)”2 investigate the

(b) to protect the marine environment and coastal zones through prevention
of pollution, and by reduction and, as far as possible, elimination of pollutant
inputs, whether chronic or accidental, (c) to protect nature, and protect and
enhance sites and landscapes of ecological or cultural value, (d) to strengthen
solidarity among Mediterranean coastal States in managing their common
heritage and resources for the benefit of present and future generations and
(e) to contribute to improvement ofthe quality offife. For further information,
see Www.unepmap.org.

37 There are a number of Protocols to the Convention, but not all of these have
yet entered into force.

3R The Protocol for the Protection of the Mediterranean Sea against Pollution
Resulting from Exploration and Exploitation of the Continental Shelfand the
Seabed and its Subsoil was adopted on the 14/10/1994 by the Conference of
Plenipotentiaries heldin Madrid, but has not yet entered into force and has not
been ratified by any ofthe EU Member States considered here who are Parties
to the Convention. According to Art. 3 of the Protocol, the Contracting Par-
ties shall, individually or through bilateral or multilateral cooperation, take
all appropriate measures to prevent, abate, combat and control pollution in
the Protocol Area resulting from activities, inter alia, by ensuring that the best
available techniques, environmentally effective and economically appropriate,
are used for this purpose.

¥ See Article 5.

4 The ICES was established in 1902. For details, as well as the Convention and
the ICES Strategic Plan, see http://www.ices.dkAndexfla.asp

4 See Preamble to the ICES Convention. See also Art. 5 ofthe Convention.

2 For details see http://www.ices.dk/iceswork/wgdetail.asp?wg=WGEXT
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impacts of MA extraction on marine ecosystems and review
and report on the status of MA extraction activities and relat-
ed environmental research, as well as on any reported legisla-
tive and regulatory changes. In 2003, a set of detailed “Guide-
lines for the Management of Marine Sand Extraction” (ICES
2003b) was developed. The guidelines establish general prin-
ciples for the sustainable management of mineral resources,
emphasizing issues such as the need for conservation, efficient
use of materials and least adverse methods of extraction, as
well as the importance of encouraging an ecosystem approach
to the management of extraction activities and the selection
of extraction sites, and the need to protection of sensitive ar-
eas and important habitats. The guidelines recommend that
international and regional initiatives are taken into account
when developing national frameworks and guidelines and
that appropriate administrative frameworks are set up for the
management of sand and gravel extraction. Detailed guidance
is provided on the recommended contents of EIAs and their
assessment, as well as on the monitoring of compliance with
conditions attached to any extraction authorization.

The Convention on Environmental Impact Assessment
in a transboundary context, 1991 (ESPOO Convention)
and the Protocol on Strategic Environmental Assessment,
2003 (SEA Protocol)

The Convention on Environmental Impact Assessment in a
transboundary context was signed in Espoo, Finland, in 1991
and entered into force in 199743 All EU Member States are
Contracting States to the Convention (Table 1), although in
some cases, such as in the case of Germany, only since 2002.
The Convention, adopted under the auspices ofthe United Na-
tions Economic Commission for Europe (UNECE), sets out obli-
gations of Parties to assess the environmental impact of certain
activities at an early stage of planning. The activities covered
by the Convention are listed in Annex I, referring, inter alia (at
para. 14), to “major quarries, mining, on-site extraction andpro-
cessing of metal ores or coal”. 1t appears that transboundary ag-
gregate dredging activities, such as in the English Channel, are
covered by the Convention44 The Convention also lays down the
general obligation of States to notify and consult each other on
all major projects under consideration that are likely to have a
significant adverse environmental impact across boundaries. A
Protocol to the Convention, adopted in 2003, in Kiev4s extends
the requirements ofthe Convention to plans and programmes.
However, the Protocol has not yet entered into force and, ofthe
eight EU Member States under consideration here, only Ger-
many has so far ratified the Protocol4 In the European Union,

4 The Convention was signed on 25/2/1991 and entered into force on 10/9/1997. It
counts 41 Contracting States, including the European Community and all EU
Member States. The Convention has been amended twice, in February 2001 (to
extend participation by non-UNECE Member States) and in June 2004 (to af-
fect some changes to the Convention), but neither ofthe two amendments has
yet entered into force. For the text ofthe Convention and a full list of Contract-
ing States, see http://www.unece.org/env/eia/.

4 See the case study referred to in a presentation on the Convention by the UN-
ECE Secretariat, "An Introduction to the Convention including Case-Studies”,
November 2005, http://www.unece.org/env/eia/

45 The SEA Protocol to the Espoo Convention was signed in Kiev, on 21/5/2003 at
an Extraordinary Meeting of the Contracting Parties to the ESPOO Conven-
tion.

4 The Protocol requires 16 ratifications or accessions. Only seven States have
so far ratified or acceded to the Protocol, see http://www.unece.org/env/eia/. A

the requirements ofthe Convention and ofthe SEA Protocol are
reflected in two Council Directives, namely the EIAA Directive
and the SEA Directive.

OTHER RELEVANT INITIATIVES

European Code of Conduct for Coastal Zones

Although not a legally binding instrument, mention should
also be made of this policy document, which addresses ma-
rine aggregate dredging. The European Code of Conduct for
Coastal Zones47is an initiative ofthe Coastal Union (EUCC)4
launched in 1993. It was included as a priority action in the
Pan-European Biological and Landscape Diversity Strategy
-PEBLDS (1995)- and drafted in 1996/97 by ELTCC staff un-
der the auspices of the Council of Europe and LTNEP. It was
officially adopted by the Council of Europe Ministers in April
1999. In respect of guidance for “Sand and Gravel Excavation
and Dredging”, the Code states:

(i) “Sand or gravel extraction should only take place in
coastal water at a depth where coastal processes are not com-
promised (i.e. below the so-called active profile of the coastal
zone), and never in ecologically sensitive areas. However while
this depth is generally appropriate in relation to the influence
of normal tides and storms, evidence suggests that sedimen t
can be moved at lower levels by long period waves, residual
tidal movement and currents. The impact of this on adjacent
coastal areas which rely on sea borne sedimen t for their contin-
ued development is an important and often overlooked issue’)
(il) "Extraction activities should be timed to avoid conflict with
seasonal even ts such as fish or bird migration.”(iii) "Turbidity
plumes should be minimised by utilisation ofthe best available
technology and practices. Extraction should be as "dry”as pos-
sible, and working and sailing speed should be regulated so as
to reduce environ men tal impacts. When aggregates with a high
content offines are extracted, equipm ent with the capacity of
retain ing very fine particles should be used, if appropriate in
conjunction with silt curtains.”(iv) "The excavation site should
be limited in order to facilitate later recolonisation. Complete
removal of the bottom sediment should be avoided.” (v) "Con-
sideration should be given to make better use of harbour and
other dredging. Care should be taken with dredge spoils con-
taminated with hazardous substances which should not be
dumped at sea or used for nourishment.”

It is not clear to which extent the Code of Conduct is being
taken into account in relation to MA operations in ELT Member
States. The review ofregulation in different States forthe pur-
pose of this paper did not reveal any specific reference being
made to the Code of Conduct or its substantive content.

great deal of explanatory material and guidance on aspects of the Conven-
tion can be found in http://www.unece.org/env/eia/. Related material, such as
the World Bank Environmental Assessment Sourcebook and Updates is also
available at www.worldbank.org under "Environmental Assessment”. See in
particular Chapter 2 ofthe Sourcebook and Update 7, published in 1994, which
deals with "Coastal Zone Management and Environmental Assessment”.

47 http://www.coastalguide.org/.

& http://www.eucc.net/. Please note that the Code of Conduct is also available for
purchase from the Council of Europe website at http://book.coe.int/ (Model law
on sustainable management ofcoastal zones and European code ofconduct for
coastal zones (Nature and Environment No. 101) (2000).
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THE EUROPEAN LEGAL FRAMEWORK

The functions and powers of the EU institutions and the
matters in relation to which the Community is competent to
establish and implement common policies depend upon the
Treaties establishing the European Community (EC Treaty)
and European Union (EU Treaty)4®. The Community has the
task of preparing and implementing common policies, inter
alia, in the fields of the environment, transport, agriculture
and fisheries and to adopt measures in the spheres of energy,
civil protection and tourism®. Community policy in relation to
the environment aims, inter alia, at ‘preserving, protecting and
improving the quality of the environment". More particularly,
‘commun ity policy on the environment shall aim at a high level
of protection taking into account the diversity of situations in
the various regions of the Com mun ity. It shall be based on the
precautionaryprinciple and on theprinciples thatpreventive ac-
tion should be taken, that environmen tal damage should as a
priority be rectified at source and that thepolluter should pay 51
In the field of environmental protection, a considerable amount
of secondary EC legislation has been enacted, in particular in
the form of Directives@ In contrast to Regulations, which are
directly applicable and effective in all EU Member States, Di-
rectives are binding on Member States as to their aims, but re-
quire transposition, i.e. implementation at the national level,
by way of legislation®. If a Member State fails to transpose a
Directive into national legislation by the relevant date, or does
so incompletely, it is in breach of'its obligations under Art. 5 of
the EC Treaty. In these cases, citizens may be able to invoke
the Directive in question directly before the national courts.
Moreover, the European Connnisison may institute infringe-
ment proceedings against Member States, including in the form
of actions before the Court of Justice®4 Failure to comply with
any resulting judgment ofthe European Court of Justice may
lead to the imposition of substantial fineséd Annual surveys on
“‘Implementation and Enforcement of Community Environmen-
tal Law”6q and on “Monitoring the Application of Community
Law™6], as well as leading judgments of the European Court of

4 The present EC Treaty results from amendments made to the Treaty establish-
ing the European Economic Community, which was signed in Rome in 1957
and entered into force on 1/1/1958. That treaty has been amended several
times, in particularby the Single European Act, which came into force in 1987,
the Treaty on European Union (Maastricht Treaty), which came into force in
1993, the Treaty of Amsterdam, which came into force in 1999 and the Treaty
of Nice, which entered into force in 2003. A consolidated version of the EC
Treaty and EU Treaty has been published in the Official Journal (Official Jour-
nal C 321E 0f29/12/ 2006} and is available electronically on the EU website
at: http://eur-lex.europa.eu.

0 See Articles 2 and 3 ofthe EC Treaty. See also Art. 175 (4).

B Art. 174 (1) and (2) ofthe EC Treaty, as amendedby the Treaty of Amsterdam.
See further Art. 174 (3), which provides that in preparing its policy, the Com-
munity shall take into account the available scientific and technical data.

@ For environmental legislation in force, see http://eur-lex.europa.eu/en/legis/
index.htm. See also the website of the Commission’s DG Environment, http://
ec.europa.eu/environment/index_enhtm.

@ For a useful brief summary ofthe effect of primary and secondary Community
legislation, as well as legislative procedures and the respective role of different
Community institutions, see “About EU Law -Process and Players” on the EU
website at: http://eur-lex.europa.eu.

04 Seefurtherhttp://europa.eu.int/comm/environmentdaw Andex htm

0 Art. 228 EC Treaty and Case C-304/02, Commission v. French Republic,
12/7/2005. For clarification, see MEMO/05/482, issued by the Commission on
14/12/2005, http //www.europa.eu/rapid/

® http j//europa.eu.int/comm/environmentAaw/implementation.htm

07 Available on the EC website at http://eur-lex.europa.eu/.

Justice in the field of environmental law&are published by the
European Commission. It is interesting to note that nature, air,
waste, water and impact assessment legislation, which includes
the Directives discussed in this paper, are the five areas with
the highest number of open cases, accounting jointly for 90% of
the total number of complaints and infringement cases in the
environmental field®.

In relation to MA operations, a number of EC Directives
are directly relevant), in particular the Environmental Im-
pact Assessment Directive (Directive 85/337/EEC (hereafter
the EIA Directive) as amendedby Directives 97/11/EC (here-
after the EIAA Directive) and 2003/35/EC), as well as Direc-
tive 2001/42/EC on the assessement of the effects of certain
plans and programmes on the environment (the so called
Strategic Environmental Assessment Directive, hereafter the
SEA Directive). Also relevant are Council Directive 92/43/EEC
on Conservation of Natural Habitats and of Wild Fauna and
Flora (hereafter the Habitats Directive) and Council Directive
79/409/EEC on the Conservation of Wild Birds (hereafter the
Wild Birds Directive), as well as Council Directive 2003/4/EC
on Freedom of Access to Information on the Environment.

The Environmental Impact Assessment Directive

The EIA Directive was introduced in 198561 and was
amended in 1997 The Directive outlines which categories of
projects shall be made subject to an Environmental Impact
Assessment (EIA)@, the procedure to be followed and the con-
tent of the assessment. Projects specified in Annex I of the
Directive are subject to mandatory EIA, wheras in respect of
other projects, set out in Annex II, Member States must deter-
mine, whether EIA should apply (so-called “screening”). The
EIA procedure set out in the Directive seeks to ensure that
environmental consequences of projects are identified and as-
sessed before authorisation is given. The Directive envisages
public participation as part ofthe authorisation procedure and
requires the public to be informed about any decisions made.

Directive 97/11/EC widened the scope of EIA by increasing
the number of types of projects covered, and the number of
projects requiring mandatory EIA (Annex I). It also strength-
ened the procedural base ofthe EIA Directive by providing for
new screening arrangements, including new criteria for Annex

(B http //europa.eu.int/comm/environmentAaw/cases] udgements.htm

® See 23rd Annual Report from the Commission on Monitoring the Application
of Community Law (2005), COM(2006) 416 final, dated 24/7/2006. See also
the Annex to the Report, covering different sectors, SEC(2006) 999, 24/7/2006.
http://eur-lex.europa.eu/LexUriServ/site/en/com/2006/com2006_0416en01.pdf

@ In relation to protection ofthe marine environment, note should also be taken
of Council Directive 2000/60/EC establishing a framework for Community ac-
tion in the field of water policy, which applies to coastal waters, as well as the
proposed Marine Strategy Directive (COM/2005/505 final), which envisages
the creation of national as well as regional strategies for the protection of the
wider marine environment. Discussion of these instruments is unfortunate-
ly beyond the scope of this contribution. For further information, see http://
ec.europa.eu/environment.

Council Directive 85/337/EEC (27/6/1985) on the Assessment of the Effects of

Certain Public and Private Projects on the Environment, which was required

tobe implemented by 3/7/1988.

& Council Directive 97/1I/EC (3/3/1997) amended Directive 85/337/EEC. The
EIAA Directive was required to be fully implemented by the Member States
by 14/3/1999. The main purpose ofthe amendment appears to have been a rec-
ognized need to clarify, supplement and improve the rules on the assessment
procedure (cf. 4th preamble) and the expansion of projects subject to environ-
mental impact assessment.

@ For further information and analysis on environmental impact assessment is-
sues, see http://europa.eu.int/comm/environment/eia/home.htm.

6l
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II projects and providing minimum information requirements,
as well as introduced changes to align the Directive with the
requirements of the ESPOO Convention. The EIAA Directive
was further amended by Council Directive 2003/35/EC, to
align relevant provisions on public participation in accordance
with the Aarhus Convention on public participation in deci-
sion-making and access to justice in environmental matters,
which had been adopted by the Community in 199864

Marine dredging projects, which were already covered in An-
nex II ofthe original EIA Directive, are specifically referred to
in Annex II 2(c) ofthe EIAA Directive. In the case of Annex II
projects, Member States may determine projects requiring as-
sessment on a case-by-case basis or establish relevant criteria
or thresholds to identify such projects (cf. Art. 4(2)). In either
case, the decision needs to be made available to the public.
Annex III ofthe EIAA Directive provides detailed screening or
selection criteria focusing on the characteristics, location and
potential impact of projects which are to be taken into account
in this process67. The EIAA Directive requires that the “compe-
tent authorities" responsible for licensing particular (individual)
projects@® make their decisions on the basis of a clear appre-
ciation of any significant environmental impacts®. Environ-
mental impact assessment carried out in accordance with the
Directives require identification, description and assessment of
a project’s effects on human beings, animals and plants, soil,
water, air, climate and landscape, cultural heritage, material
assets, including any impact interactions that may occur. More-
over, public involvement in decision-making must be ensured.
The Directive prescribes that (a) the environmental effects of
the proposed project should be properly assessed and (b) all rel-
evant information should be made available to the public within
a reasonable time and in an easily comprehensible manner in
order to enable the public to express its opinionA

64 For further information, see http://ec.europa.eu/environment/aarhus/index,
htm. See also Aarhus Clearing House for Environmental Democracy, main-
tained by the UNECE, which can be accessed through the same website.

@ MA mining was included in Directive 85/337/EEC, Annex II 2(c) as ‘extraction
of minerals other than metalliferous and energy-producing minerals, such as
[...] sand, gravel [...]'. The provision has been amendedby Directive 97/11/EC
to read: ‘extraction of minerals by marine or fluvial dredging .

@ See Article 4(4).

67 See Article 4(3).

@ The projects requiring impact assessment are defined in Art. 4 and listed in
the Directive Annexes I and II. It must be noted that projects serving national
defence purposes are notcoveredby the EIA Directive (see Article 1(4)), although
projects serving military as well as commercial purposes are covered, provided
they mainly serve commercial purposes, WWF v. Autonome Provinz Bozen and
ors., C-435/97 (http://www.europa.eu.int/cj/enfindex.htm). Projects adopted by
specific Acts ofnational legislation are also not subject to the Directive, since the
objectives of the Directive, including that of supplying information, are achieved
through the legislative process (Art. 1(5)). According to Lamsrecuts (1996), this
exemption does not serve environmental conservation as, even if it is assumed
that the legislative process warrants a measure of democratic information, it is
doubtful that this by itself ensures environmental protection. Nevertheless, the
European CourtofJustice (ECJ) has madeit clear thatlegislation which provides
development consent within the meaning of Art. 1(2) can only be considered to
fall within the definition of Article 1(5), if the law includes the elements neces-
sary to assess potential environmental impacts ofthe project (WWF v. Autonome
Provinz Bozen and ors., C-435/97, at paras. 58-62). Article 1(5), therefore, cannot
be used to circumvent the Directive’s aims with regard to specific projects.

@ Article 1(1) of the EIAA Directive (amended Article 2(1) of the EIA Directive)
provides that the competent authority should ‘adopt all measures necessary
to ensure that, before consent is given, projects likely to have significant effects
on the environment by virtue, inter alia, of their nature, size or location are
made subject to a requirement for development consent and an assessment with
regard to their effects .

D See Article 6(2) and Article 9 of EIA Directive as replaced by Articles 1(8) and
1(11) ofthe EIAA Directive.

In exceptional cases, Member States may decide to exempt
a specific project from the requirements of the Directive. In
these cases, alternative forms ofassessment need to be consid-
ered and both the public and the European Commission need
to be informed of the reasons for any decisions7l. According
to (non-binding) clarification provided by the Commission, the
provision is to be construed narrowly, and is restricted to cases
where full compliance with the Directive is not possible, but
may cover instances where there is a serious threat to, inter
alia, economic stability or to security72 Detailed guidance on
"screening T3 i.e. the question of whether an EIA is required
in relation to particular project and on "scoping 7 i.e. on envi-
ronmental information needed for the purposes of an EIA, has
also been published by the Commission76

Effective implementation of EC Directives requires new
legislation or a change to existing legislation; changes to ad-
ministrative practices are not sufficient, as administrative
measures may be altered by the administration at any time7
Despite the fact that the EIA Directive was required to be im-
plemented by the 3rdof July 1988 and the EIAA Directive by
the 14th of March 1999, in some cases, there has been incom-
plete transposition through relevant national legislation or
regulations7, or failure to ensure that national measures are
in full conformity with the EIA and EEIA Directives Accord-
ing to the most recent “Annual Survey on the Implementation
and Enforcement of Community Environmental Law”, pub-
lished in 2006, problems with the conformity ofnational mea-
sures with the EIAA Directive continue to persist, giving rise
to a considerable number of infringement procedures and com-

71 Art. 2(3) of the EIAA Directive. Please note that the text of the provision has
undergone some change as a result ofamendments effectedby Directives 97/11
EC and 2003/35/EC.

2 See "Clarification ofthe application of Art. 2(3) ofthe EIA Directive” published
in 2006 (http://ec.europa.eu/environment/eia/eia-support.htm) ‘an important
criterion forjustifying use ofArticle 2(3) is that full compliance with the Direc-
tive is notpossible, and notjust that the case is exceptional; the exemption might
normally be used in a civil emergency, though not all civil emergencies qualify
for the exemption; there would need to be a pressing reason tojustify the exemp-
tion, e.g. serious threat to life, health or human welfare; to the environment; to
political, administrative or economic stability; or to security, the exemption is
unlikely to bejustified if it is intended to meet a situation that could be both
anticipated and prevented; when considering the use ofArticle 2(3), considera-
tion should begiven toproviding apartial or other form ofassessment; Member
States need to act quickly (before consent is granted) toprovide the Commission
with reasonsjustifying the exemption.”

B "Screening’is the process of determining whether or not EIA is required for a
particular project. This is particularly relevantin the case of Annex II projects,
as Annex I projects are always subject to an EIA.

7 "Scoping’is the process of determining the content and extent of the matters,
which shouldbe covered in the environmental information to be submitted to a
competent authority for projects, which are subject to EIA.

0 Seehttp://ec.europa.eu/environment/eia/eia-support.htm.

% Commission v. Belgium, C-337/89 [1992] ECR 1-6103.

71 For instance, in 2004, the European Court ofJustice condemned the UK (Case
C-421/02) for incomplete transposition of the amended EIA Directive as re-
gards Scotland and Northern Ireland. Infringement proceedings against the
UK. in relation to the implementation ofthe EIAA Directive in respect of ma-
rine dredging and various other activities were still pending in March 2007,
before a new statutory regime was introduced in April 2007; see Explanatory
Memorandum to The Environmental Impact Assessment and Natural Habi-
tats (Extraction of Minerals by Marine Dredging (England and Northern Ire-
land) Regulations 2007.

B For further details see a five year report, "How successful are the Member
States in implementing the EIA Directive, Report from the Commission to the
European Parliament and the Council on the Application and Effectiveness of
the EIA Directive (Directive 85/337/EC as amended by Directive 97/11/EC)”
COM/2003/334 final, published on 23/6/2003 and available at http j//europa,
eu.int/comm/environment/eia/news.htm. See also EC Press Release IP/03/876
0f23/6/2003.
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plaints to the European Commission?. Often, Member States
appear to have been satisfied with a minimal transposition
of the Directive, or national administrations fail to correctly
implement and apply the legal requirements ofthe Directive.
W eaknesses in the operation ofthe Directive identified by the
Commission in the 2003 report on the implementation of the
EIAA Directive include lack of evidence of systematic screen-
ing of Annex II projects, little real commitment to scoping,
few formal measures to control the quality of EIA procedures
and little monitoring of EIA in practice. The Commission also
noted some key information gaps on significant areas of EIA
and a considerable variation of public involvement, with some
Member States applying a wide and others a very narrow§
interpretation ofthe ‘public concerned”.

As concerns MA operations, too, it appears that although
the EIA and EIAA Directives may have been implemented in
some of the Member States through a variety of Regulations,
there have been problems with regard to the universal effec-
tive implementation ofthe Directives’requirements8L

The SEA Directive

The scope of the EIAA Directive is limited to projects for
which the decision making process requires consent or per-
mission, but does not cover plans and programmes. To extend
the need for environmental impact assessment to plans and
programmes which may have a significant effect on the envi-
ronment, a further Directive was adopted in 2001. The central
objective of the Strategic Environmental Assessment Direc-
tive (Directive 2001/42/EC, hereafter the SEA Directive) is ‘to
contribute to the integration of environ mental considerations
into the preparation and adoption ofplans and programmes
with a view to promoting sustainable development, by ensur-
ing that an environ men tal assessmen t is carried out for certain
plans and program mes which are likely to have sign ificant ef-
fects on the environment’82.

According to a guidance document on implementation of
the Directive, prepared by the European Commission&, ‘the
first requirement in order for plans and programmes to be
subject to the Directive, is that they f...]must be both 'subject

to preparation and/ or adoption by the prescribed authorities’

and 'required by legislative, regulatory or adm inistrative pro-
visions' [...] In identifying whether a document is a plan
or program me for the purposes of the Directive, it is neces-
sary to decide whether it has the main characteristics of such

D Seventh Annual Survey on the implementation and enforcement of Commu-
nity environmental law 2005, SEC(2006) 1143, 8/9/2006 (http://europa.eu.int/
comm/environment/law/implementation.htm). The report also states that a
number of Member States had failed to transpose the requirements of Direc-
tive 2003/35/EC (public participation) by the deadline of June 2005, including
Germany, Spain and France.

8 This is the case, for instance, in France.

8l See forinstance the situation in the UK, further explained below, and also e.g.
Avrper (1993) and sueate (1996) for the previous regulatory framework. The UK
had transposed the EIAA and Habitats Directives in respect of most activities,
but notin respect of marine minerals dredging projects prior to the adoption of
a new statutory regime which entered into force in May 2007.

& See Article 1 of the SEA Directive. The SEA Directive’s provisions apply to
plans and programmes the preparation of which begins formally after the
21/7/2004 or which have not been adopted or submitted to a legislative proce-
dure by the 21/7/2006.

& See European Commission Guidance on the Implementation of Directive
2001/42/EC; see also sueate et al. (2005); both documents are available at
http ://europa.eu.int/comm/environment/eia/home htm.

a plan or programme. The name alone ('plan, '‘programme,
'strategy, 'guidelines, etc) will not be a sufficiently reliable
guide: documents having all the characteristics of a plan or
program me as defined in the Directive may be found under a
variety of names”.

Any plan or programme that has been prepared for one of a
number of listed sectors, including, inter alia, industry, town
and country planning and land use, and which sets the frame-
work for future development consent of projects listed in the
EIAA Directive requires an EIA$4

Minerals planning is, in principle, subject to the SEA Di-
rective86. Competent authorities which prepare and/or adopt
a plan or programme which falls within the Directive’s scope
will have to draw up a report on its probable significant en-
vironmental effects, consult authorities with environmental
responsibilities and the public, and take the findings of both
these exercises into account in reaching a decision on how
to proceed. In addition, monitoring under the SEA Directive
allows, inter alia, for the identification of unforeseen envi-
ronmental effects so that remedial action may be taken&. It
should be noted that Art. 3(8) ofthe Directive includes an ex-
emption in the case ofplans and programmes the sole purpose
of which is to serve civil emergency. According to the latest
available annual report on implementation and enforcement
of Community environmental law, published in 2006, a num-
ber of Member States had failed to transpose the SEA Direc-
tive by the deadline of July 2004, including Belgium, Greece,
Spain and the Netherlands§&7.

There are other Directives, which may affect MA mining
operations. Although these Directives are related mainly to
the protection of marine areas that enjoy special status and,
thus, their analysis is beyond the scope ofthe present contri-
bution, brief reference will be made here.

The Habitats Directive and the Wild Birds Directive

The main aim of Council Directive 92/43/EEC on Conserva-
tion of Natural Habitats and of Wild Fauna and Flora (hereaf-
ter the Habitats Directive), is to promote and ensure the pres-
ervation of biodiversity; it requires from the Member States
to work together in order to maintain or restore to a favour-

04 See Art. 3(2) of the SEA Directive and n. S3.

45 For detailed information in relation to minerals planning, see Strategic En-
vironmental Information Service (http://www.sea-info.net/) a website main-
tained hy the Centre for Sustainability and supported by the British Govern-
ment. Apparently, a free SEA Minerals Newsletter is also available on the
website. See also the website of the Mineral Industry Research Organization,
MIRO (http:// www.miro.co.uk/) and a most informative report commissioned
hy the British Geological Survey (British Geological Survey Commissioned
Report CR./04/003N, hy E.J. Steadman ef at. 2004) (http://www.mi-st.org.uk/
research_projects/final_reports/final_report_ma_1_1_002.pdf). Further reports
on EIA in relation to minerals extraction are also available on the Mineral In-
dustry Sustainable Technology (MIST) website, accessible through the MIRO
website, above.

4 Strategic Environmental Assessment (SEA) covers more activities, wider geo-
graphic areas and often longer time periods than the project EIAs. SEA might
he applied to entire sectors or geographical areas. SEA does not generally
replace or reduce the need for project EIA, hut it can assistin streamlining the
incorporation of environmental concerns (including MA extraction) into deci-
sion-making, making project EIA more effective. It can deal with the synergy of
small impacts of multiple projects/activities, any of which may he insignificant
hy themselves, hut which together have a significant impact (see Sheate ef
al, 2005).

47 Seventh Annual Survey on the implementation and enforcement of Commu-
nity environmental law 2005, SEC(2006) 1143, S/9/2006 (http://europa.eu.int/
comm/environment/law/im plementation.htm).
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able conservation status certain rare, threatened, or typical
natural habitats and species. These habitats and species are
listed in Annex I and II of the Directive respectively. One of
the ways in which Member States are expected to achieve this
aim is through the designation and protection of sites known
as Special Areas of Conservation (SACs). It is interesting to
note that sandbanks, which are a very significant source of
marine aggregates, are listed in the Annex I of the Habitats
Directive (Habitat 11.25). Although the potential implications
of this listing for the MA industry have not yet been appreci-
ated, they may be quite significant&.

Council Directive 79/409/EEC on the Conservation of Wild
Birds (hereafter the Wild Birds Directive) complements the
Habitats Directive by requiring Member States to protect rare
and/or vulnerable bird species through the designation of Spe-
cial Protection Areas (SPAs). The Habitats and Wild Birds
Directives apply both to Member States’ territorial waters
and the EEZs or equivalents®&. All marine protected areas des-
ignated under both Directives form an ecologically coherent
network of protected areas of European importance referred
to as Natura 2000. Detailed guidance and information on the
implementation of Natura 2000 in the marine environment
has recently been published by the European Commission9.

According to the latest available annual report on implemen-
tation and enforcement of Community environmental law, pub-
lished in 2006, problems with the implementation or adequate
transposition ofthe Wild Birds and Habitats Directives persist-
ed in several Member States, including Greece, France, Spain,
Belgium, the Netherlands, the U.K. and Germany9l

Directive on Freedom of Access to Information on the
Environment

Council Directive 2003/4/EC, on Freedom of Access to
Information on the Environment, which was required to be
implemented by 14th February 2005, imposes a general duty

& For more details and discussion on this matter, see VeLecrakis et al., 2001;
Rocers 2001; curistiansen and Jones, 2001a and 2001b. See also “The Inter-
pretation Manual of European Union Habitats - EUR27”, published in July
2007, a scientific reference document based on the version for EUR 15, which
was adopted by the Habitats Committee on 4/10/1999 and consohdated with
the new and amended habitat types for the 10 accession countries (adopted
by the Habitats Committee on 14/3/2002) with additional changes for the
accession of Bulgaria and Romania (adopted by the Habitats Committee on
13/4/2007). For marine habitats, it follows the descriptions given in “Guide-
lines for the establishment ofthe Natura 2000 network in the marine environ-
ment. Application of the Habitats and Birds Directives” published in May 2007
by the Commission services. Both documents are available on the Commission
website at http://ec.europa.eu/environment/naturefindex_en.htm.

& Member States exercise full sovereignty over their territorial waters, i.e. the
12 nm maritime zone as measured from the baseline. However, in 1999, the
English High Court, in its decisionin Regina v. The Secretary ofState for Trade
and Industry exparte Greenpeace Ltd, Case No CO/1336/1999, 5/11/1999, Kay
J. held that “.. the Council (Habitats) Directive 92/43/EE C applies also to the
UK Continental Shelfand to superjacent waters up to a limit of 200 nautical
miles from the baseline from which the territorial sea is measured”. The Court
also confirmed that the Directive ‘does have direct effect’ (i.e. may be relied
on directly before the courts of Member States). Subsequently the European
Commission made it clear that the provisions of the Habitats Directive are ap-
plicable to all Member States that exert their sovereign rights to the offshore
limit ofjurisdiction, e.g. within their EEZ, see only “Guidefines for the estab-
lishment of the Natura 2000 network in the marine environment. Application
of the Habitats and Birds Directives” published in May 2007 by the Commis-
sion services, and Unger (2004).

9D http://ec.europa.eu/environment/nature/natura2000/marine/index_enhtm.

91 Seventh Annual Survey on the implementation and enforcement of Commu-
nity environmental law 2005, SEC(2006) 1143, 8/9/2006 (http://europa.eu.int/
comm/environmentfiaw Amplementation.htm).

on Member States’public authorities and publicly accountable
bodies to make environmental information held by them avail-
able to any natural or legal person, upon request9. The Direc-
tive replaces an earlier Directive®8 on the same subject mat-
ter, expanding the existing access granted. However, there
are also some narrowly defined exceptions® The information
must be supplied within one month% and judicial or admin-
istrative appeals may be made against a refusal or failure to
provide it. In addition, Member States are under an obligation
to publish, if possible in electronic form, a wide range of rel-
evant environmental information9%. This includes internation-
al as well as national or local legislation and policies, plans
and programmes' relating to the environment; environmental
data derived from monitoring activities; periodic reports on
the state ofthe environment, as well as “authorisations with
a significant impact on the environment”and "environ men tal
impact studies and risk assessments”"9 on elements ofthe en-
vironment set out in the Directive, such as “coastal and ma-
rine areas'. This Directive has changed the approach in the
Member States, which previously relied on statutory registers
and facilitated access to other sources of information® How-
ever, the success ofthe Directive depends crucially on the abil-
ity of the public to exercise their rights, and it is therefore
important that sources of information are well publicised, con-
veniently located, clearly presented and economical to use.

According to the latest available annual report on imple-
mentation and enforcement of Community environmental
law, a number of Member States, including Greece, Spain and
Belgium had failed to transpose Directive 2003/4/EC by the
deadline of February 2005 and were referred to the European
Court of Justice. At the end of 2005, infringement proceedings
remained open against 10 Member States, including Belgium,
Germany, Greece, Spain and France for failure to communi-
cate transposition ofthe Directive to the Commission%.

At present, it is not clear in how far the Directive has been
fully and effectively implemented in all the Member States
under consideration here. As far as the dissemination, in eas-
ily accessible form, ofnational rules and regulation relevant to
MA operations is concerned, the difficulty in reliably identify-
ing accurate and up-to-date information for the purposes of
this paper suggests that even where the Directive may have
been transposed into national law 100 adequate implementa-

w See Articles 2 and 3 ofthe Directive 2003/4/EC.

y3 The Directive repeals the earlier Directive 90/313 EEC.

¥4 See Article 4 ofthe Directive 2003/4/EC.Exceptions include cases of manifestly
unreasonable or overly general requests or requests relating to material in
the course of completion, including unfinished documents or data, as well as
requests relating to internal communications, taking into account public inter-
est. in disclosure.

y5 If this is impossible due to the complexity of the information, the informa-
tion must, he supplied within two months ofthe request.; Art.. 3(2) of Directive
2003/4/EC.

3 Art.. 7(2) of Directive 2003/4/EC.

yI Alternatively, “a reference to the place where such information can be request-
ed’ should he published.

w See Explanatory Memorandum in Proposal for a Directive of the European
Parliament, and of the council on public access to environmental information.
EC Brussels, 29/6/2000, 29p.

w Seventh Annual Survey on the implementation and enforcement, of Commu-
nity environmental law 2005, SEC(2006) 1143, S.9.2006 (http://europa.eu.int/
comm/environment./law/implement.at.ion.ht.m).

lw For instance, in the UK, where the Environmental Information Regulations
2004, S.I. 2004/3391 and the Environmental Information (Scotland) Regulations
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tion in accordance with the aims of the Directive has not yet
been achieved10L
By way of context, it should be noted that the Direc-
tive seeks to implement, at the Community level, one of the
pillars of the UNECE Aarhus Convention on Access to Infor-
mation, Public Participation in Decision-Making and Access
to Justice in Environmental Matters 1998, which entered into
force in 2001 and was adopted by the Community in 2005.
Council Directive 2003/4/EC is complemented by Council Di-
rective 2003/35/EC, which deals with public participation in
decision-making in the drawing up of certain plans and pro-
grammes, and with access to justicell2 A new EC Regulation,
directly effective in all EU Member States as from 28th June
2007, has also been adopted (Regulation 1367/2006)10 to ex-
tend the application of the Aarhus Convention to Community
institutions and bodies, i.e ‘anypublic institution, body, office
or agency established by, or on the basis of, the Treaty” 14
The Aarhus Convention establishes anumber ofrights ofthe
public (individuals and their associations) with regard to the
environment and the Parties to the Convention are required
to make the necessary provisions so that public authorities (at
national, regional or local level) will contribute to the realiza-
tion of these rights. The Convention has three pillars, namely
(a) “access to environmental information”, i.e. the right of ev-
eryone to receive environmental information that is held by
public authorities; (b) “public participation in environmental
decision-making”, i.e. the right to participate in environmen-
tal decision-making105 and (c) “access to justice”, i.e. “the right

2004, SSI. 2004/520, which entered into force on 1January 2005, transpose the
Directive, or in Spain, where Ley 27/2006 contains the relevant legislation.

10l In the U.K., information about legislation and policy guidance is available on dif-
ferent websites and it is often difficult to ascertain the latest position or obtain a
coherent overview. While correct information on new responsibilities for marine
dredging licences is available on the website ofthe MFA (http://www.mfa.gov.uk/
met/default.htm), a sub-site on the website of DEFRA (http://www.mceu.gov.uk/
MCEU_LOCAL/FEPA/aggregates.htm), updated on 30/5/2007 and last accessed
on 13/11/2007, still contains out-ofdate information. Various minerals policy guid-
ance documents are only available on the Communities and Local Government
website, but not on the MFA website. At the same time, the Communities and
Local Government website does not provide any information about the licensing
process or responsible Government Departments. The website ofthe Scottish Ex-
ecutive, on the subsite dealing with ‘Planning Legislation, Policy and Circulars”
provides a circular on the Environmental Assessment of Plans and Programmes
(Scotland) Regulations 2004, but makes no reference to the Environmental As-
sessment (Scotland) Act 2005, which entered into force on 20/2/2006 and repealed
the earlier Regulations. Accurate information about the 2005 Act is available
elsewhere on the Scottish Executive website, under “sustainable development”
(http 7/ www Scotland, gov.uk/Topics/SustainableD evelopment/14587).  Although
statutory regulations on marine aggregate dredging in England and Northern
Ireland entered into force on 1/5/2007, the website of the Crown Estate, last ac-
cessed on 13/11/2007 still refers to ‘proposed statutory procedures ”and states that
the Government View Procedure remains relevant pending introduction of the
statutoryprocedures’. The situation is equally, ifnot more, bewildering in some of
the other EU Member States considered in the present contribution, where often
numerous pieces of legislation and regulation need to be consulted.

I2 See the Commission’s Aarhus website at http://ec.europa.eu/environment/
aarhus/index,htm

1B Regulation (EC) No. 1376/2006 of the European Parliament and of the Coun-
cil (6/9/2006) on the application of the provisions of the Aarhus Convention
on access to information, Public Participation in decision-making and access
to Justice in Environmental Matters to Community institutions and bodies.
Available through the Commissions Aarhus website.

104 Art. 2(1)(c) of the Regulation. In respect of Community institutions and bodies
acting in a judicial or legislative capacity only, the provisions of Title II, deal-
ing with access to environmental information, are relevant.

10 According to the Commission’s Aarhus website ‘4rrangements are to be made
by public authorities to enable the public affected and environmental non-gov-
ernmental organisations to comment on, for example, proposals for projects af-
fecting the environment, orplans andprogrammes relating to the environment,
these comments to be taken into due account in decision-making, and informa-
tion to beprovided on the final decisions and the reasons forif.

to review procedures, to challenge public decisions that have
been made without respecting the two aforemen tioned rights or
environmen tal law in generali'llf In respect of the last pillar,
it should be noted that an Inventory on all EU Member States’
measures on access to justice in environmental matters has
been published in September 2007107 The relevant country
reports, covering all EU Member States suggest that in many
cases, there is significant scope for improvement.

NATIONAL LEGISLATION AND REGULATORY
FRAMEWORK

This paper doesnot attempt to comprehensively list everyna-
tional law and regulation affecting MA extraction, but instead
concentrates on the most relevant pieces of national legislation
which could be ascertained in the course ofthis study. All eight
EU Member Sates considered here have ratified the UNCLOS
1982 (Table 1). Based on UNCLOS 1982, Contracting States
have the right to claim a territorial sea ofup to 12 nm from the
baseline and an Exclusive Economic Zone (EEZ), where appro-
priate ofup to 200 nm. It should be noted, however, that not all
States have used the UNCLOS as abasis for the delimitation of
maritime areas. Notably, the UK has not claimed an EEZ, but
continues to base its claims to the continental shelf on the Ge-
neva Convention on the Continental Shelf 195818 and Greece
has not (yet) exercised its rights under the Convention due to
political tensions with neighbouring Turkey 1.

States enjoy sovereignty over their territorial sea and are
thus able to assert property rights on the mineral resources
under those waters. In addition, the UNCLOS and/or the
Geneva Convention on the Continental Shelf 1958 provide
sovereign rights over the Exclusive Economic Zone and the
Continental Shelfoutside the territorial sea for the purpose of
exploring and exploiting its natural resources. The decision as
to how those mineral rights are distributed and may be exer-
cised is, therefore, a matter for national law.

However, Contracting States to the Helsinki, OSPAR and
Barcelona Conventions, as well as the ESPOO Convention, are
obliged to take the requirements laid down by these conven-
tions into consideration. Germany and Poland are Parties to
the Helsinki Convention. The UK, Belgium, Spain, the Nether-
lands, France and Germany are Parties to the OSPAR Conven-
tion and Spain, France and Greece are Parties to the Barcelona
Convention (Table 1). All three of the above Conventions have
also been ratified by the European Community. All ELT Mem-
ber States are Parties to the ESPOO Convention. In addition,
national legislations of ELT Member States must be compliant
with the requirements of any relevant European legislation.

16 See the Commission’s Aarhus website, http://ec.europa.eu/environment/
aarhus/index.htm.

107 Ibid.

I8 Continental ShelfAct 1964, see also Continental Shelf (Designation of Areas)
(Consohdation) Order 2000, SI2000/3062 (amendedby SI2001/3670). See also
GIBSON (2004).

1® The relevant Greek law in relation to the territorial sea continues to be found
in Law No. 230/17/9/1936 and Decree 6/18/9/1931. The table of maritime claims,
available on the UNCLOS website, records that Greece claims a territorial sea
of 6 nm, except for the purposes of aviation, where the limit is 10 nm. Turkey,
which s not a Party to UNCLOS is reported as claiming a 6 nm territorial sea in
the Aegean. See http://www.un.org/Depts/los/LEGISLATIONANDTREATIES.
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The United Kingdom

The regulatory framework concerning MA extraction in the
UK is complicated by the different constitutional status of Eng-
land, Wales, Scotland and Northern Ireland 110 The central gov-
ernment has exclusive jurisdiction over the UK’s continental
shelf. In the English territorial sea, the Central Governmental
Departments (since April 2007 in particular the Marine and
Fisheries Agency (MFA), an executive agency of DEFRA)Illhave
responsibility for MA extraction. For the territorial sea of Wales
and Scotland, the same responsibility now resides with the
Welsh Assembly Government (WAG)I2and the Scottish Execu-
tive (SE)13respectively. In Northern Ireland, the Department of
the Environment (DoE(NI))14is responsible for MA extraction.
Each ofthese departments is also responsible for developing na-
tional planning policy guidance, including that for marine min-
eral development. As concerns England, it should be noted that
while the MFA is now responsible for marine aggregate licens-
ing, DEFRA retains the overall policy responsibility.

The ownership of most ofthe seabed out to the 12 mile ter-
ritorial limit around the UK 116 and the rights to explore and
exploit natural resources ofthe UK continental shelf are vest-
ed in the Crownll6and are administered by the Crown Estate
Commissioners (CEC)I117.

110 Since 1/7/1999, many statutory responsibilities have been transferred to the Na-
tional Assembly for Wales through the Government of Wales Act 1998 and the
Scottish Parliament through the Scotland Act 1998; others should be assumed
in the future by the Northern Ireland Assembly through the Northern Ireland
Act 1998 (ATKINS, 2004; BOYES, WARREN, andE LLIOT, 2003; and G IBSON, 1999).
Until recently, the Department for Communities and Local Government
(www.communities.gov.uk) - formerly Office of the Deputy Prime Minister
(ODPM)) - was responsible for the planning and co-ordination ofthe procedure
oflicensing MA dredging. The Department for Environment, Food and Rural
Affairs (DEFRA - http://www.defra.gov.uk/), among others, was responsible
for environmental protection and, with the Centre for Environment Fisheries
and Aquaculture Science-CEFAS (http://www.cefas.co.uk/homepage.htm), for
environmental monitoring of MA dredging. Recently, as of 1/4/2007, the Ma-
rine and Fisheries Agency (MFA), an executive agency of DEFRA has taken on
new environmental responsibilities, including the responsibilities previously
exercised by the Department for Communities and Local Government with
regard to MA. The MFA will be responsible for the implementation ofthe new
statutory regime governing marine aggregate extraction as from 1/5/2007, see
http://www.mfa.gov.uk for further information.

12 http://www.wales.gov.uk/index.htm

13 http //www .Scotland.gov.uk/Home

14 DoE(NI) - Department of the Environment of Northern Ireland, Planning
Service http //www.planningni. gov.uk

WB Por a detailed discussion of the legal position regarding ownership of the
foreshore and seabed in the UK, see SCOTTISH LAW COMMISSION (2003),
where it was also proposed that the extent of the Crown Estate’s ownership
of the foreshore and seabed adjacent to Scotland be defined by statute. The
Crown’s property rights are qualified by the public’s rights to use the sea and
foreshore, which rights the Crown is obliged to respect.

116 Ownership ofthe foreshore and seabed between low water mark and the limit
of territorial sea is prima facie vested in the Crown, unless it has passed to
other persons by grant or adverse possession. In the Bristol Channel area, for
example, the ownership ofboth the seabed and foreshore is divided between
the Crown Estate and a variety of other parties. In Wales, this is due par-
ticularly to the historical status of the Marcher Lords. In 1849, the Duke of
Beaufort was also judicially declared to be the owner ofthe entire foreshore of
the Gower Peninsular, although some of that land has now been transferred
to other proprietors. Elsewhere, there are numerous examples of privately
owned foreshore, frequently derived from the historic titles of major landown-
ers. Nevertheless, the Crown Estate owns around 55 % of the foreshore (be-
tween mean high and mean low water) and approximately half of the beds
of estuaries and tidal rivers in the UK. It also owns the seabed out to the
12 nm territorial limit, as well as the rights to explore and exploit the natural
resources of the UK continental shelf, excluding oil, gas and coal, but includ-
ing renewable energy. The Crown Estate does not own the water column, or
govern public rights such as navigation and fishery over tidal waters (Gissox,
2004; The Crown Estate http://www.thecrownestate.co.uk).

117 Under the Crown Estate Act 1961, all mineral rights (except oil, gas and coal) are
administered by the Crown Estate Commissioners (CEC). See also G isson (2004).

1

=
=

The regulatory regime governing MA activities has recent-
ly undergone fundamental change, with the entry into force,
on 1 May 2007, ofthe Environmental Impact Assessment and
Natural Habitats (Extraction of Minerals by Marine Dredg-
ing) (England and Northern Ireland) Regulations 2007 (S.L
2007/1067). The decision to enact Regulations at this time,
following extended consultations, was at least in part moti-
vated by the threat ofthe likely imposition of substantive fines
by the European Court of Justice for continued non-transpo-
sition of the EIAA and Habitats Directive in relation to ma-
rine aggregate extractionll® Prior to the new legislation, MA
extraction regulation was exercised through a non-statutory
“interim Government View Procedure” (GVP)119 which, since
1989, required an Environmental Impact Assessment (EIA)
to be undertaken for all MA extraction operations. Subject
to a favourable Government View on the environmental ac-
ceptability of a proposal, the Crown Estate, as owners, were
responsible for the licensing of marine minerals dredging on
a commercial basis to dredging companies12) The GVP was
an informal, voluntary process, incorporating the various ele-
ments of the EIA and Habitats Directives, but not in the le-
gally binding form required by EC law 2.

The Environmental Impact Assessment and Natural Habi-
tats (Extraction of Minerals by Marine Dredging) (England
and Northern Ireland) Regulations 2007 set up a system of
regulation to apply to marine aggregate dredgingl2 They
cover English and Northern Ireland territorial waters, the
continental shelf around England and Northern Ireland and
some outer marine areas around Scotland and Wales12 As is
pointed out in “Marine Minerals Guidance Note 2” (MMG 2),
which provides detailed guidance on the new statutory pro-
ceduresI? due to the depth of the waters involved, it is in
practice unlikely that any dredging will be proposed beyond
the Scottish Zone or towards any ofthe outer limits ofthe UK

118 See Explanatory Memorandum to the Environmental Impact Assessment and
Habitats (Extraction of Minerals by Marine Dredging) Regulations 2007, Fi-
nal regulatory impact assessment, at paras. 10, 11 and 32.

19 DETR (1998) "Government View: New Arrangements for the Licensing of
Minerals Dredging”. The GVP procedure was first introduced in 1968. See
also "Offshore Dredging for Sand, Gravel and Other Minerals”, dated 1989
and published by the Department of the Environment and the Welsh Office.

10 For further details, see http://www.thecrownestate.co.uk. See also A pnirt,
StaniLanp, and LEwis, 2004,

121 The U.K. had failed to transpose the EIAA and Habitats Directives in respect
of marine minerals dredging projects and infraction proceedings against the
UK were pending prior to the adoption of the new statutory regime. See Ex-
planatory Memorandum to the Environmental Impact Assessment and Habi-
tats (Extraction of Minerals by Marine Dredging) Regulations 2007, at paras.
4.3 and 4.5.

12 A first draft of the Regulations was first published in 1999, but the Regula-
tions were only adopted, after extensive consultations, in April 2007. They
entered into force on 1/5/2007 and apply to all new marine mineral dredging
proposals, as well as to pending proposals, and to some specified changes to
existing operations. The GV procedures will continue to apply to existing MA
dredging operations unless either the operators propose to alter them or ifthe
Secretary of State considers that they are likely to have a significant effect on
a European site, i.e. a SAC or SPA protected respectively under the Habitats
Directive or the Wild Birds Directive or a site proposed for designation as a
Special Area of Conservation under the Habitats Directive. See Regulations
2,31, and Schedule 3.

I3 Namely the parts of the continental shelf adjacent to Scotland which do not
fall within the Scottish zone, as definedin the Scotland Act 1998 and the conti-
nental shelfadjacent to Wales, see Explanatory Memorandum to the Environ-
mental Impact Assessment and Habitats (Extraction of Minerals by Marine
Dredging) Regulations 2007, at para. 5.1.

14 fifhe Control of Marine Minerals Dredging from British Seabeds”, published
by DEFRA in 2007, see www.mfa.gov.uk.
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Continental Shelf. In practice, therefore, the regulations will
control MA extraction close to the English coastline 126

The Welsh Assembly1® has, in relation to Welsh waters,
recently enacted similar legislation12/, and the Scottish Par-
liament is expected to make separate legislation in relation
to marine areasI®B covered by its competence under devolved
administration12. For reasons of economy, the following brief
overview provides details only for the new statutory regime
applicable in England and Northern Ireland and does not
make specific reference to the corresponding Welsh Regula-
tions which, however, appear to be substantially similar.

The new statutory regime for MA extraction introduces
some significant changes to the previously existing informal
GVP regime, by providing a firm legal framework govern-
ing the licensing procedure130 The GVP procedure was both
lacking in transparency, making the public potentially feei
excluded from any real say in decision-making, and lengthy
and cumbersome, taking, in some cases, as long as five years;
operators were responsible for advertising dredging proposals
and carrying out lengthy consultations and had to bear the
associated costs13l.

Under the new statutory procedures, these activities will be
the responsibilities ofthe regulatorI3 Statutory and adminis-
trative time-scale targets will be established in respect ofboth
handling of applications and monitoring of dredging permis-
sions; there is a target of 17 weeks from receipt of a full and

125 Dredging within the coastal waters may also he regulated hy other authori-
ties, namely the Coastal Protection Authorities or the MFA under section 18
or section 34 (Safety of Navigation) of the Coast Protection Act 1949. In some
cases, therefore, a dredging proposal may require consent under more than
one regulatory regime.

I The specific competence of the Welsh Assembly for measures relating to the
extraction of minerals by marine dredging within Welsh territorial waters de-
rives from the European Communities (Designation) (No.3) Order 2000, S.I.
2000/2812, Schedule I, Sect. 2 (c).

127 The Environmental Impact Assessment and Natural Habitats (Extraction of
Minerals by Marine Dradging) (Wales) Regulations 2007, W.S.I. 2007 No. 2610
(W.221), which entered into force on 28/9/2007. Note also the consultation by
the Welsh Assembly, conducted in late 2006, on proposed Marine Minerals
Dredging Regulations and Procedures, which were then expected to enter into
force in March 2007, see http://new.wales.gov.uk/consultations/closed.

I8 No such legislation has been enacted at the time of writing. In Scotland,
consultations by the Scottish Executive have recently been conducted on the
proposed "Environmental Impact Assessment and Habitats (Extraction of
Minerals by Marine Dredging) (Scotland) Regulations 2006”. For consultation
responses, see http://www.scotland.gov.uk/Publications/2007/10/31101519/0.
Earlier in 2007, consultations were also conducted on "Revision of Circular
15/1999”. For details, see "The Environmental Impact Assessment (Scotland)
Regulations 19997, the Scottish legislative instrument implementing the EIA
Directive, (http://www.scotland.gov.uk). Although reference is made, in Sched-
ule 2 ofthe 1999 Regulations, to "extraction of minerals by marine and fluvial
dredging”, it appears that the Regulations do not apply to marine dredging
activities, but deal only with planning permissions required under the Town
and Country Planning (Scotland) Act 1997, i.e. developments on land.

19 The competence of the Scottish Parliament extends to the limits of the Scot-
tish Zone as defined in the Scotland Act 1998. "The ‘Scottish zone’ means the
sea within British fishery limits (that is, the limits set by or under section 1
ofthe Fishery Limits Act 1976) which is adjacent to Scotland, see Sect 126 of
the Scotland Act 1998

10 Detailed explanation of the statutory procedures for the control of marine ag-
gregate dredging activities is provided in Marine Minerals Guidance Note 2:
The Control of Marine Minerals Dredging from the British Seabed (MMG2),
published by DEFRA and available on the MFA website at www.mfa.gov.uk.

Bl See Explanatory Memorandum to the Environmental Impact Assessment and
Habitats (Extraction of Minerals by Marine Dredging) Regulations 2007.

12 Relevant regulators are for English territorial waters and the outer marine
areas around Northern Ireland, Scotland and Wales the Secretary of State
for Environment, Food and Rural Affairs, and for Northern Ireland territorial
waters DoE(NI). Ifa proposal straddles the boundary with Scottish, Welsh or
Northern Ireland Waters, the prospective applicant must also seek separate
determinations on screening and scoping from the relevant devolved admin-
istration.

complete application for dredging permission to the issue of a
decision133. While under the GVP, applications for commercial
licences were made by operators to the CEC, the Crown estate
will no longer be involved in this process, and will only en-
ter dredging agreements with commercial operators in accor-
dance with the terms of a dredging permission (and the condi-
tions imposed by it) issued by the relevant regulator134 Thus,
the responsibility for the control of marine minerals extraction
now rests fully with the relevant Government Departments.
Importantly, marine dredging of minerals without permission
or failure to comply with the conditions attached to dredging
permissions are criminal offences punishable by the courts136
The regulations also envisage the creation of a public register
of all dredging applications and other related marine miner-
als dredging matters that come to the Secretary of State for
decision. The register will be maintained by MFA and is en-
visaged to be made available in electronic form as soon as is
practicable.

Marine minerals dredging fees have been determined with
effect from 1/5/2007 by the Secretary of State for Environment
Food and Rural Affairs under powers conferred on him by the
new Regulations13a Different fees are assessed for pre-applica-
tion advice (47000 GBP), processing of dredging permissions
(29500 GBP) and variation of existing permissions, as well as
the consideration of monitoring reports and the interpretation
of Electronic Monitoring System data. As concerns fees for min-
erals dredging permissions in Welsh national waters, an ad-
ditional consultation document published in July 2007 by the
WAG suggests that the envisaged level of fees are in a similar
range137. However, it is not clear whether final fees will be pub-
lished or only notified to parties involved in the consultation.

In England, “Guidance on the Extraction by dredging of
Sand, Gravel and Other Minerals from the English Seabed”
was published in 2002 in Marine Minerals Guidance Note 1
(MMG1)1R The document provides advice on the environmen-
tal impacts to be considered and criteria against which appli-
cations will be determined, including guidance on the scope
and content of environmental statements (ODPM, 2004). The
guidance in MMG1 continues to remain relevant under the new
statutory procedures for the control of aggregate extraction 139,
The policy objectives in MMGI1 are to: (i) minimise the area li-
censed for dredging at any one time; (ii) carefully locate new
dredging areas; (3) consider all new applications in relation to
the findings of an Environmental Impact Assessment (EIA); (iv)
adopt dredging practices that minimise the impact of dredging;
(v) require operators to monitor, as appropriate, the environ-
mental impacts oftheir activities during, and on completion of,
dredging; and (vi) safeguard resources for specific uses.

I8 Provided the application does not need tobe referred to an Inspector or be the
subject of consultation with another EEA state.

13 For a definition of "dredging agreement” and "dredging permission”, see the
glossary in MMG2, Annex A.

10 Regulations 4, 14 and 27.

136 http://www.mfa.gov.uk/pdf/fees2007.pdf.

137 http://new.wales.gov.uk/consultations/closed/plancloscons/MMD/?lang=en.

I8 "Marine Minerals Guidance Note 1 - Guidance on the Extraction by Dredging
of Sand, Gravel and Other Minerals from the English Seabed”, which is ap-
plicable in England and Wales. Available at http://www.communities.gov.uk/
publications/planningandbuiiding/marinemineraisguidanee.

I According to the guidance document explaining the new statutory procedures
(at para. 3.23), issuedby DEFRA in 2007 as MMG2, see above.
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It should be noted that the SEA Directive has been trans-
posed into UK law, in relation to plans or programmes related
to projects listed in Annex I or I ofthe amended EIA Directive,
which would seem to cover marine aggregate extraction 140 For
England, Northern Ireland and Wales respectively, relevant
Regulations were adopted in 200414l In the case of Scotland,
the relevant rules are those in the Environmental Assessment
(Scotland) Act 2005, which came into force on 20/2/2006 142

For England, the relevant planning policy guidance in re-
spect of marine aggregates was contained in “Minerals Plan-
ning Guidance Note 6” (MPG6). MPG6 has been replaced by
“Minerals Policy Statement 1”7 (MPS1), published in Novem-
ber 2006, the MPS1 “Annex on the Supply of Aggregates, and
the current National and Regional Guidelines for Aggregate
Provision in England 2001-2016”, published in 2003. MPS1
needs to be read together with “Planning and Minerals: Prac-
tice Guide”, published in November 2006143,

In Wales, the need for a strategy to deal with aggregate
extraction in the Bristol Channel, Severn Estuary and river
Severn and an “Interim Marine Aggregates Dredging Policy”
for these areas has been published by the WAGI14 In Scotland,
there has been very little interest in marine dredgingl4q but
it has been suggested that this may change in the futurel6
Scottish “Guidance on Minerals Planning” is documented in
NPPG4 147 which, at para. 54, refers to marine dredged miner-
als. However, NPPG4 has recently been superseded by SPP4,

W Each ofthe respective pieces oflegislation adopts the relevant textin the SEA
Directive, referring to plans and programmes which are prepared for ‘agricul-
ture ..., energy, industry, ... water management, town or country planning or
land use and set ‘the framework for future development consent in respect of
projects listed in Annex1 orl1I of the [EIAA Directive]”. Reference is also made
to cases where assessment is required under Art. 6 or 7 ofthe Habitats Direc-
tive. The text would seem to cover plans and programmes related to projects
for ‘extraction of minerals by marine or fluvial dredging’, as these are listed
in Annex II ofthe Directive. However, it is interesting to note that only the
Scottish legislation expressly lists relevant projects in a Schedule, whereas
the Regulations for England, Northern Ireland and Wales do not.

Ml The Environmental Assessment of Plans and Programmes Regulations 2004,
SI 2004/1633. Similar Regulations were enacted, also in 2004, for Northern
Ireland (SR 2004/280) and Wales (WSI 2004/1556 (W.170). For further infor-
mation on the different Regulations applicable in England, Northern Ireland
and Wales, as well as the relevant Scottish legislation, see http://www.commu-
nities.gov.uk/planningandbuiiding/planning/sustainabilityenvironmental/.

K The Actrepealed secondary legislation (Regulations) enacted in 2004. The leg-
islation is relevant to MA operations, as it applies to plans and programmes,
which set the framework for future development consent of projects involving
extraction ofminerals by marine or fluvial dredging, see Section 5(3) ofthe Act
and para. 24 (3) of Schedule 1.

K All documents are available on the website ofthe Department of Communities
and Local Government which took over the responsibilities of the ODPM in
May 2006 (see www.communities.gov.uk, under Planning Policy and Guid-
ance, Minerals and Waste).

W Welsh Assembly Government (2004) Interim Marine Aggregates Dredging
Policy South Wales, available at (http://www.wales.gov.uk/subiplanning/con-
tent/guidance/sand-gravel-e htm.

¥ There are currently only two extant dredging licenses in Scotland, one in
the Firth of Forth and the other in the Tay Estuary. Only minor activity has
taken place at both locations, see Extraction of Minerals by Marine Dredg-
ing Consultation Paper, July 2006, available on the website of the Scottish
Executive.

16 Fiends ofthe Earth Scotland (1999) Foundations for Sustainable Resource
Use: A Strategy for Scotland, Edinburgh (see the web page ofthe Scottish Ex-
ecutive) that in recent years there has been growing interest in the potential
of marine dredging for aggregates, particularly in the Firth ofForth, and Tay,
Clyde and Moray Firth Areas.

W7 "National Planning Policy Guidehne NPPG 4: Land forMineral Working”was is-
suedin 1994 http://www.scotland.gov.uk/Publications/2005/03/3085211/52124,
which provides, in principle, for the development of up to 4 coastal exporting
superquarries in Scotland. Scottish Planning Policy 4 (SPP4): Planning for
Minerals, published in September 2006, which replaces NPPG 4 makes no
reference to marine minerals dredging.

which does not specifically refer to marine minerals extrac-
tion. Supplementary advice on the environmental effects aris-
ing from mineral working operations is set out in PAN 501K
In Northern Ireland, there appears to be a surplus of onshore
sand and gravel resources and it seems that so far, no licenses
have been issued for the extraction of marine aggregates (Bov-
Es, S.; Wanren, L., and Evviorr, M., 2003) 149,

Finally, it should be noted that consultations have just
been completed on a white paper for a Marine Bill, published
on 15 March 2007160 A summary ofresponses to the White Pa-
per has been published and is available electronically on the
DEFRA website. The White Paper proposes the adoption of
new legislation to introduce changes related to: the introduc-
tion of a new UK-wide system of marine planning, including a
streamlined, transparent and consistent system for licensing
marine developments; introduction of a flexible mechanism to
protect natural resources, including marine protected zones
with clear objectives; improvements to the management of
marine fisheries in relation to England, Wales and Northern
Ireland and the ability to share the costs of management with
commercial and recreational sectors; and a new Marine Man-
agement Organization delivering UK, England and Northern
Ireland functions. An analysis ofthe potential impacts of the
proposed legislative changes outlined in the White Paper is
beyond the scope ofthis contribution. However, it is clear that
further developments are worth careful monitoring. Should
legislation based on the wide-ranging proposals in the White
Paper be adopted, much ofthe existing regulatory and admin-
istrative framework relevant to marine aggregate extraction
in the UK may, in due course, change.

Germany

Germany is a Federal Republic and, therefore, competence is
divided between the Federal Republic (“‘Bund”) and the Federal
States (“‘Lander”)16l. Moreover, there is also another administra-
tive layer (local authorities -Selbstverwaltungskdperschaften)
for counties, towns and municipalities (Gisson, 1999).

The Federal Republic has sovereign rights over the seawater
and the seabed of the Territorial Sea, as well as rights to ex-
plore and exploit the natural resources ofthe Continental Shelf
(CS)I& and the Exclusive Economic Zone (EEZ). However, in
some coastal areas, the ownership rights ofthe Federal Repub-
lic are limited by those ofthe individual Federal States1®.

In the Territorial Sea, administrative competence is di-
vided between the Federal Government and the government

K8 "Planning Advice Note PAN 50: Controlling the environmental effects of sur-
face mineral workings” http://www.scotland.gov.uk/library5/planning/pan50-
00.asp This provides a framework within which planning authorities can
prepare policies for all types of mineral development likely to arise in their
area, taking into account coastal processes, natural heritage issues as well as
possible implications for the transport of material by sea.

W However, see "Regional Planning Policy - Minerals”on the DoE(NI) website.

10 See Consultations on a Marine Bill White Paper, A Sea Change, http://www.
defra.gov.uk/corporate/consult/marinebill-whitepaper07/

10l According the Basic Law ("Grundgesetz”), i.e the constitution of the Federal
Republic of Germany.

12 Bekanntmachung der Proklamation der Bundesregierung iiber die Erfor-
schung und Ausbeutung des deutschen Festlandsockels, 20/1/1964 (The
Declaration by the Federal Government of 20/1/1964), BGBI 1964 1I S. 104
(amended 2/9/1974). All federal German laws referred to in this paper are
available electronically at http://bundesrecht.juris.de/aktuell.html.

I8 For example, the Federal States own the imperial waterways ("Reichswas-
serstrafle”), which may run through the coastal waters.
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of the Federal Statesl®4 For instance, although the Federal
Republic has ownership rights over the German mudflats,
the Schleswig-Holstein mudflats were, in 1985, declared a na-
tional park, the protection and administration of which falls
under the Gesetz zum Schutze des Schleswig-Holsteinischen
Wattenmeeres 166 Nevertheless, the Federal Governmentlis
responsible for providing national guidelines and co-ordinat-
ing planning policy from which the individual coastal States
(“Ladnder”) derive their own planning legislation 167.

Regarding MA permits (i.e. exploration/extraction licenses),
these must be obtained from the Land I8 or Bezirksregierung
responsible for the relevant territorial waters1® The principal
regulations are similar to those regarding land mining. The Fed-
eral Mining Law I@applies to all solid, liquid and gaseous min-
eral resources in the German territory as well as to activities
pertinent to their developmentl6l. Moreover, the Environmental
Impact Assessment Act (UVPG)I&® which implements the EIA/
EIAA and SEA Directives into German law 16, ensures that for
projects set out in Appendix 1to Paragraph 3 (which include
mining operations) environmental impact assessments are car-
ried out and taken into consideration in the granting of permits
and licences. However, secondary legislation enacted under the

104 The Territorial Sea environmental legislation is very complex, encompassing,
amongst others, relevant parts of Environmental Law, Water Law and the
Law of National Parks and Nature Reserves. Responsibility for the coastal
environment is shared between several public institutions such as the Federal
State Water Authorities ("Wasserverbinde”), the Federal State Land Authori-
ties ("Bodenverbinde”), the "Gemeinden”, the Federal States and the Federal
Republic.

10 http ://sh.juris.de/sh/NParkG_SH 1999 rahmen.htm. The Wasserhaushaltsge-
setz is a Federal Act designed to regulate the maintenance ofthe coastal water
chemical and ecological balance. Under §19 ofthe Act, the Federal States are
empowered to create nature reserves (water reserves) if in the public interest.
§22 provides for liability in case ofchanges to the chemical, physical or biologi-
cal condition of water; see also ScoTtisu LAW CoMMISSION (2003).

106 The Federal Government environmental responsibilities are primarily exer-
cised through the Ministry for the Environment, Nature Conservation and
Nuclear Safety ("Bundesministerium fiir Umwelt, Naturschutz und Reak-
torsicherheit") http://www.bmu.de/enghsh/. The Ministry for Regional Plan-
ning, Building and Urban Development is responsible for preparing national
guidelines (in conjunction with the Lédnder) and for co-ordinating planning
policy (See also ICM in Europe - http://www.coastalguide.orgAcmAndex.html;
BuLTHuls ef al., 2004).

107 Regarding regional planning, nature conservation and water management,
the Lander enjoy a high degree of freedom, subject to conformity with the fed-
eral legal framework (See Burtnuis et al., 2004; Gsson, 1999; ICM in Europe
http://www.coastalguide.orgAcmAndexhtml).

18 There are five coastal Federal States (Lénder): Lower Saxony, Hanseatic Bre-
men and Hanseatic Hamburg (North Sea), Schleswig-Holstein (North and
Baltic Seas) and the Mecklenburg-Western Pomerania (Baltic Sea).

1® One of the major implications of divided competence is the fragmented and
lengthy procedure of licensing offshore activities, particularly within the 12
nautical mile zone i.e. the Territorial Sea. The combined Federal State and
Federal Government bureaucracy as well as the presence of extensive nature
protection zones along the German coastline has made exploitation licensing
a time consuming process (KNIGHT, 2005).

16) Bundesberggesetz - BbergG (13/8/1980, amended 9/12/2006) http://bundes-
rechtjuris.de/bundesrecht/bbergg/.

16l Competence for activities on the Continental Shelf rests with the respective
Lénder. Under Arts. 132 and 133 ofthe Federal Mining Law, research survey-
ing in the continental shelfwhich does not relate to mineral resource exploita-
tion (e.g. fiber optics cable routing) is subject to approval by the Bundesamt
fuer Seeschiffahrt und Hydrographie. Deep Sea Mining in "The Area” under
Part XI of UNCLOS, i.e. the seabed beyond national jurisdiction, is governed
by the Gesetz zur Regelung des Meeresbodenbergbaus - MbergG of 6/6/1995,
as last amended on 31/10/2006, http://bundesrecht.juris.de/mbergg.

1® Gesetz liber die Umweltvertriglichkeitspriifung - UVPG (12/2/1990, fully
revised 25/06/2005 and last amended 23/10/2007) http://bundesrecht.juris.de/
bundesrecht/uvpg/gesamt.pdf.

18 The requirements of the SEA Directive were incorporated into the UVPG in
2005 on the basis of a separate law, (Gesetz zur Einfiihrung einer Strategi-
schen Umweltpriifung und zur Umsetzung der Richtlinie 2001/42/EG (SUPG)
(25/06/2005).

statute seems to exclude most mining projects (other than in
sensitive areas) which involve extraction areas of less than 25
hectares from the requirement of an environmental impact as-
sessment. Moreover, mining projects appear to be altogether
exempt from the requirement for SEA under the UVPG 164

Although Germany shows notable consideration for na-
ture protection and conservation, information on MA licens-
ing procedures is not easily accessible. Although the Federal
Ministry for the Environment (“Bundesumweltministerium”)
maintains a good websitel5, with much information on envi-
ronmental issues and legislation, including on EIA, the web-
site does not contain any information on mineral extraction,
marine or otherwise. Information about relevant legislation
and competencies is, therefore, rather difficult to ascertain
and it appears that there is no clear national policy on MA ex-
traction 166 No uniform guidance exists on the required scope
or content of environmental statements concerning the envi-
ronmental impact assessment of MA extraction. However, it
appears that the ICES Guidelines (ICES, 2003b16) are used in
respect of extraction in the North Sea, whereas the HELCOM
Recommendation 19/1 is applicable for extraction sites in the
Baltic Seal® Finally, it should be noted that the administra-
tive Directives HABAK and HABAB might also be relevant in
some cases I,

Spain

Competence in the management and protection of the ma-
rine environmentl® is shared by the different levels of the
Spanish administration17. The Central (national) Government
has exclusive jurisdiction regarding the Territorial Sea, the

164 See Paragraph 18, as well Annex I (No. 15.1) UVPG and Paragraph 1(1) of
Verordnung ueber die Umweltvertraglichkeitspruefung bergbaulicher Vorha-
ben, UVP-V Bergbau, (13/7/1990, last amended 9/12/2006). Note thatin 1995 a
,,Federal General Administrative Guideline on the Execution ofthe EIA Act of
18/9/1995" (UVPVWYV, 1995), was passed, with further details concerning the
implementation of the law and the handling ofthe single categories. It should
be noted that any EIA in relation to fluvial dredging is regulated by State
Law, see UVPG, Annex I (No. 13.15).

10 http://www.bmu.de.

16 For an overview over Coastal Zone Managementissues in Germany, see http://
www.coastalguide.orgAcmAndex.html. Information can be also found in the
following web-portal http ://www.dredging-in-germany, de/sites/englisch/g_
rechtsg/00_start,html

167 http://www.ices.dkAceswork/wgdetail.asp?wg=WGEXT.

18 www.sandandgravel.com.

1® Although the original purpose of these instruments was to ensure environ-
mentally sound handling/disposal of material dredged for navigational pur-
poses, they might also be relevant for use of dredged material as fill and/or
for beach replenishment purposes. HABAK, HandlungsanWeisung fiir den
Umgang mit Baggergut im Kiistenbereich (Directive for Dredged Material
Management in Federal Coastal Waterways) (HABAK-WSV), Second Revised
Edition, 1999, Federal Institute of Hydrology (Bundesanstalt fiir Gewésser-
kunde), Koblenz, Germany, http://www.bafg.de/servletAs/11509/HABAK-engl.
pdf. HABAB, Handlungsanweisung fiir den Umgang mit Baggergut im Bin-
nenland (Directive for Dredged Material Management in Federal Inland Wa-
terways) (HABAB-WSV) 2000, Second Revised Edition, Bonn, Koblenz, 2000.
http://www.bafg.de/servlet/is/11509/HABAB-08-2000.pdf

ID The Shores Act ("Ley de Costas”) sets out the overarching legal framework
concerning the marine environment. (Ley 22/1988 (28/7/1988), de Costas
http j//noticias juridicas.com/base_datos/AdminA22- 1988 .html).

I71 Spain is a "Union State”, comprising different administration levels: the Cen-
tral Government, the Autonomous Communities, the Provinces, and the Local
Authorities. There 17 Autonomous Communities ("Comunidades Auténomas”),
12 of which are coastal, and 2 autonomous cities ("Ciudades Auténomas”; Ceu-
ta and Melilla) which group 50 Provinces ("Provincias”) http://en.wikipedia.
org/wiki/Spain. Each of the Autonomous Communities has individual found-
ing statutes and enjoys varying degrees of autonomy. The Provinces have no
formal powers as such, as they form groups oflocal authorities. In fact, Spain
functions as a highly decentralized Federation of Autonomous Communities
and mightbe regarded as the most decentralized European State.
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EEZ and the Continental Shelf; in comparison, jurisdiction in
the internal waters is divided between the Central Government
and the Autonomous Communities. Mineral rights are vested
in the state, forming part ofthe public domain (“dominio publi-
co maritimo-terrestre”)I72 The state controls and regulatesIB
the rational use ofthe resources 'in agreement with nature' i.e.
with respect to the landscape and the historical patrimony.

MA extraction is referred to in Art. 63 of the Shores Act.
An interesting feature of the Act is that it allows MA extrac-
tion only for beach creation and/or replenishment purposes;
the Act also requires evaluation ofthe environmental impacts
of MA extraction. In addition, Royal Decree 1471/198914 ap-
proves General Regulations to develop and execute the Shores
Act and includes guidelines/specifications on the authorisation
procedures of MA extraction (in Articles 124-127). The require-
ments for the evaluation of the environmental impact of ac-
tivities affecting the coastal zone and the marine environment
were mainly regulated in the Decree 6/20011% which modified
the Royal Decree 1302/198617%s0 as to make it compatible with
the requirements of the the EIA Directive (Directive 1997/11/
EC) and the ESPOO Convention, which Spain had ratified in
1997. According to these requirements 17, full EIA studies are
mandatory if MA extraction volumes exceed 3x106msper year;
for lower extraction volumes simpler environmental impact
statements are sufficient, unless it is decided, on a case by
case basis, in accordance with “screening” criteria set out in
Annex III ofthe (amended) Royal Decree 1302/1986, that a full
EIA is required 18 The procedure is regulated by Royal Decree

I2 The article 132.2 ofthe 1978 Spanish Constitution declares (affirmed also by
Art. 3 of the Shores Act ("Ley de Costas”) that State public property shall
consist of all properties in any event of the marine-terrestrial zone: the fore-
shores, beaches, Territorial Sea and all natural resources ofthe Exclusive Eco-
nomic Zone and the Continental Shelf (http:/noticias.juridicas.com/base_da-
tos/Admin/122- 1988.html).

IB The powers of the State Administration are set out in Arts 110-112 of the
Shores Act. With regard to State powers and responsibilities, the Act re-
fers to ‘la Administracion del Estado’ (State Administration). The State
Administration's responsibilities include the management of the public coast-
al domain including the granting of permits (licenses) and concessions and
the overseeing of the fulfillment of the conditions of these permits. The State
Administration has also the responsibility to oversee waste discharges, hu-
man safety in bathing areas and maritime safety.

I Real Decreto 1471/1989 (1/12/89), por el que se aprueba el Reglamento Gener-
al para Desarrollo y Ejecucion de la Ley de Costas 22/1988, (28/7/1988). http://
www .juridicas.com/base_datos/Admin/rd1471-1989.html.

I0 Ley 6/2001 (8/5/2001) de modificacion del Real Decreto Legislativo 1302/1986
(28/6/1986), de evaluacion de impacto ambiental http://noticias.juridicas.com/
base_datos/Admin/16-2001.html.

1% Real Decreto Legislativo 1302/1986, (28/6/1986), de Evaluacion de Impacto Am-
biental http j//noticias juridicas.com/base_datos/Admin/rdieg1302-1986.html.

177 These requirements, which are laid down at the Federal level, are observed
closely in the planning legislation of the coastal Autonomous Communities. In
the OSPAR area, Andalucia has established an extraction threshold of 3 mil-
lion m3over which a regulated EIA procedure is required, whereas a simpler
study on the environmental impacts (an environmental statement) is suffi-
cient for smaller projects. However, Galicia and Cantabria have established
a mandatory full-blown EIA for all sediment exploitation activities, including
MA extraction. In comparison, the EIA Act of the Pais Vasco does not specifi-
cally mention marine sediment extraction, but establishes a mandatory and
regulated EIA procedure for all conservation and regeneration activities in the
coastal public domain; thus, EIA is required in order to authorise marine ag-
gregate extraction for beach nourishment, which is the only marine sediment
exploitation allowed in Spain (ICES, 2006).

IB Annex I of Real Decreto Legislativo 1302/1986 (28/6/1986), de evaluacion de
impacto ambiental, fists the projects which require a full EIA procedure ac-
cording to the Directive 97/1I/EC (as it was transposed to the Spanish legal
system by Ley 6/2001). Projects fisted in Annex II (including extraction ofless
than 3 million m3of marine aggregates) only require a full EIA ifthis is con-
sidered necessary, on a case by case basis, in accordance with the "screening”
criteria in Annex III.

1131/19881M. However, there was little official guidance on the
detailed methodology/content ofthe required EIA contained in
Royal Decree 1131/1988180 It appears that Spain was in fact
facing infringement proceedings for incomplete transposition
ofthe EIAA Directive and new legislation was introduced, in
April 2006. The relevant legislation, Decree 9/200618l, primar-
ily transposes the SEA Directive into Spanish law, so as to
make plans and programmes subject to environmental im-
pact assessment. However, Decree 9/2006, also modifies Royal
Decree 1302/1986 in several respects, so as to make it fully
compatible with the requirements of the EIAA Directive. In
particular, the legislation now provides more detailed require-
ments as to the substantive contents of any EIA which the
relevant authorities require in relation to the licensing ofproj-
ects, including MA operations.

In addition, under the new legislation, mandatory EIA is
also now required, irrespective ofthe extraction volume, in rela-
tion to marine dredging activities in specially sensitive environ-
ments protected under the Habitats and Wild Bird Directives.

The Directorate for the CoastsIl®of the Ministry ofthe En-
vironmentI® is responsible for the protection and policing of
the marine-terrestrial zonel® and the authorisation/licensing
of MA extraction. As MA extraction is permitted only for beach
creation/replenishment, the Ministry for Public Worksl8g
which carries out and funds beach replenishment projects, is
also relevant.

The powers of the Autonomous Communities include, in-
ter alia, the demarcation of the shoreline, coastal-terrestrial
planning and zone planning1& Processing of MA extraction
applications in coastal and internal waters also takes place
within the coastal Autonomous Communities. However, as
MA extraction is permitted only for beach nourishment, the
Autonomous Communities have also an interest in MA extrac-
tion in the Territorial Waters.

Finally, it should be noted that another relevant piece of
legislation, Decree 27/200618], was introduced in July 2006 to
transpose into Spanish law Council Directive 2003/4/EC, on
Freedom of Access to Information on the Environment, and
Council Directive 2003/35/ECI& reflecting the requirements
of the Aarhus Convention on public participation in decision-
making and access to justice in environmental matters.

IB Real Decreto 1131/1988 (30/09/19SS) por el que se aprueba el Reglamento para
la ejecucion del Real Decreto legislativo 1302/1986, de 28 de junio, de eva-
luacién de impacto ambiental http://noticias.juricbcas.com/base_datos/Admin/
rd1131-1988.html

ID Note that, an independent, gtbde was published in 2004 (BUCETA-MILLER, 2004).

171 Ley 9/2006 (28/04/2006) sobre evaluacion de los efectos de determinados pla-
nes y programas en el mecho ambiente http://not.icias.jurichcas.com/base_da-
t.os/Achnin/19-2006.html.

I8 Direccion General de Costas - http:/www.mma.es/costas/htm/act.ua/Lnfor/Ln-
clex.ht.m

I3 Ministerio de Mecho Ambiente - http://www.LLLLLLa.es/

1% See aiso ht.t.p:/www.mma.es/cost.as/guia_playas/index.htm .

I3 Ministerio de Obras Publicas y Urbanismo

I8 Relevant, also is the Sectorial Conference of Mecho Ambiente, an organisa-
tion facilitating co-ordination between the Autonomous Communities and the
State Administration.

137 Ley 27/2006 (18/07/2007) por la que se regulan ios derechos de acceso a la
informacion, de participacion publica y de acceso a la justicia en materia de
medio ambiente (incorpora las Directivas 2003/4/CE y 2003/35/CE) ht.t.p://not.i-
cias.jurichcas.com/base_clat.os/Aclmin/127-2006.t.3.html

I3 Council Directive 2003/35/EC amends the EIAA Directive to align relevant.
provisioLLS or. public part.icipat.ioLL in accordance with the Aarhus Convention
o public participation in decision-making and access to justice in environ-
mental matters, which had been adopted by the Community hr 2005.
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France

Property rights in the French foreshore and seabed are
vested in the state. As these areas form part ofthe public do-
main (“domaine public de l'etat”)18) they are controlled/regu-
lated by the state and are subject to significant restrictions in
relation to property rights190

The primary responsibility for the management of marine
areas lies with the Ministére de 'Equipement, des Transports et
du Logement, which is responsible for development planning 9
and administration of navigable waters. Several national gov-
ernment departments have functions relevant to the marine
environment (e.g. Ministére de 'Aménagement du Territoire
et de ’Environnement, Ministére de I’Agriculture et de la Pé-
chel® and Ministére de ’Economie, des Finances et de 1Indus-
trie (MINEFI)19). Competence in environmental management
is also given to regional authorities (Régions, Departments
and Communes), as well as to national agencies such as the
Conservatoire du Littoral. The national government appears
to have complete jurisdiction over mining on the Continental
Shelf, whereas jurisdiction within territorial waters appears to
be shared between the national and regional governments.

The French Mining Code (“Code Minier”)¥sets out the
legal framework for the exploitation of mineral resources of
the French seabed19 including the Continental Shelf19% The
provisions of the Mining Code are supplemented by several
other pieces of legislation which are relevant to the exploi-
tation of the Continental ShelP97 and the French territorial
watersI® Mining (dredging) permits require Environmental

19 Land within the public domain is not in principle capable of alienation, nor
can it legally be acquired or abandoned through prescription. Special proce-
dures have to be followed in order to declassify the land as part ofthe public
domain before the State can transfer property rights. However, it is not clear
the extent to which this declassification might occur in respect of the foreshore
and seabed (See also ScorTisn Law CoMMmIsSION, 2003).

190 Article 1 ofthe Coastal Act 1986 gives support to public interest issues con-
cerning coastal ownership. It provides that “the coastal area in France is a
geographical entity that calls for a particular system of development, protec-
tion and exploitation”.

Ol In 1983, Article 57 of Loi 83-835 introduced the option of development plans
for marine areas, called “Schémas de Mise en Valeur de la Mer” (SMVM).
The detailed procedure for their preparation was subsequently elaborated in
a 1986 Decree. SMVM are plans concerning marine areas and adjacent coasts,
adopted by the Ministére de 1 Equipement, des Transport et du Logement,
following submissions by the Préfet du Département, consultations with local
authorities and other interested parties and public inquiries. They are legally
superior to local plans, which must be compliant with them, but it appears
that their implementation has been difficult in practice. The SMVM comple-
ment the Loi Littoral. Together they provide a statutory planning framework
for the whole coastal zone (For further discussion, see Gisson (1999)).

12 http://www.agriculture.gouv fr/spip/

1B http://www.finances.gouv.fr/

1% Code Minier dates back to 21/4/1810. Law 94-588 of 15/7/1994 is the last
amendment of the Mining Code. The present Mining Code codifies existing
case law, aims at a better protection ofthe environment and attempts to bring
conformity with relevant European legislation (see BetLem et al., 2002) http://
www legifrance.gouv.fr/WAspad/UnCode?code=CMINIERO.rev.

190 The seabed forms part ofthe public domain. See also (http://www.ifremer.ft/).

1% Article 6 of the Loi du 30/12/1968 («relative a I’exploration du plateau conti-
nental et a 'exploitation de ses resources naturelles») states that ‘De cette loi
qui institue un régimejuridique unique sur le plateau continental Frangais,
précise que le code minier est applicable a toutes les substances minerals”. See
also Law 68-1181, (consolidated version 0£20/12/2003), http://www.legifrance.
gouv fr/texteconsolide/RHEAH htm.

197 In particular, Décret 71-360 du 6/5/1971 (“qui traite des procédures et de di-
verses dispositions spéciales”) amendedby Décret 85-1289 du 3/121985, Loi
77-485 du 11/5/1977, Décret 71-362 du 6/5/1971 (‘relatif aux autorisations
de prospections préalables de substances minérales ou fossiles dans le sous-
sol du plateau continental”); see also the consolidated version of 28/12/2003,
http //www.legifrance.gouv.fr/

I8 Décret 80-470 du 18/6/1980 ‘portant application dela loi du 16/7/1976 relative
a la prospection, a la recherche et a 1’exploitation des substances minérales

Impact Assessmentsl®. However, EIA studies are not in all
cases mandatory. The content of EIAs is not adapted specifi-
cally to MA dredging projects, but is determined on a case-
by-case basis. Since there is no clear and uniform guidance
on the required content ofthe EIA concerning MA extraction,
the quality of EIAs carried out by independent consultants
on behalf of MA companies may vary200.

Overall it appears that, until recenly, the administration
and regulation of MA activities in France was quite fragment-
ed. The administrative authorities responsible for licensing
MA prospecting and extraction were the Ministry of Economy,
Finance and Industry2)l, the DRIREAR (responsible for grant-
ing “Mining title investigation” concessions), the DDE2B (re-
sponsible for sanctioning the use of public domains) and lo-
cal authorities2¥ (responsible for mining permits). Scientific
organisations were also consulted; for example, IFREMER2®b
advises on the preliminary and follow-up studies needed to
assess the environmental impact of extraction.

However, new legislation was introduced in July 2006 to
streamline and simplify the procedure for applications per-
taining to MA operations (“prospection, recherche et extrac-
tion”). Under the new legislation, Décret 2006-798206 which
entered into force in October 2006, only one application is re-
quired27for the purposes ofobtaining licences and concessions
related to MA operations. The full application, containing,
among other things an EIA as provided for in R. 122-3 of the
“Code de I'environnement”2R should be submitted to the Min-
ister in charge of mining (Ministry of Economy, Finance and
Industry), but is subsequently handled by the local author-
ity (“préfecture”) who then consults with all other competent
authorities, which appear to remain the same as previously.
The internal consultations are followed by a public enquiry
and, four months later, by a meeting involving all the compe-
tent authorities, commissions, concerned parties and the ap-

non visées a l'article 2 du code minier et contenues dans les fonds marins
du domaine public métropolitain”; see the consolidated version of 31/10/1998,
http ://www.legifranee .gouv.fr/

19 Décret 93-245 du 25/2/1993 (“Décret relatif aux études dimpact et au champ
d’application des enquétes publiques et modifiant le Décret n°® 77-1141
du 12/10/1977 pris pour l'application de l'article 2 de la Loi n® 76-629 du
10/7/1976 relative a la protection de la nature et I’Annexe du Décret n® 85-453
du 23/4/1985 pris pour 'application de la Loi n® 83-630 du 12/7/1983 relative
a la démocratisation des enquétes publiques et a la protection de I’environne-
ment”). See also the consolidated version of 5/8/2005, http://www.legifrance.
gouv.fr/

20 It has been suggested that this might be due to the small MA quantities ex-
tracted in France, which have not prompted the regulatory authorities to in-
vestin the improvement ofthe procedures (cavocca and Du G arpin, 2003).

21 Through the Directorat des Mines and the Directorat des Carburants of the
Ministére de 1 Economie, des Finances et de 1Industrie (supervised also by the
Conseil General des Mines).

AP Directions Régionales de I'Industrie, de la Recherche et de ' Environnement
http //www.drire .gouv fr/.

2AB Directions Départementales de | Equipement, (Ministére de | Equipement, des
Transport et du Logement) http://www.equipement.gouv.fr/rubrique.php37id_
rubrique=21.

24 http ://www.interieur, gouv.fr/rubriques/c/c4 les_prefectures/c46_votre prefee-
ture.

2D Institut Francais de Recherche pour I’Exploitation de la Mer http://www.ifre-
mer.fr/

A6 Décret 2006-798 du 6/7/2006 relatif a la prospection, a la recherche et a 1’ex-
ploitation de substances minérales ou fossiles contenues dans les fonds marins
du domain public et due plateau continental métropolitain.

27 Commercial operators must be resident in France or in another EU Member
State.

2B The text ofthe Environmental Code, as well as an English translation, is
available on the official governmental website http://www.legifrance.gouv.fr/.
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plicant. The responsible “Préfet” finally sends the completed
dossier, together with his own views, to the Ministry respon-
sible for matters related to mining, who then consults further
with anumber of other Ministries (e.g. Finance, Environment,
Maritime Affairs, Fisheries, Defence). Any objections can only
be raised within two months. The Minister in charge of min-
ing is responsible for the issuing of a prospecting licence or
extraction concession; favourable decisions are published in
the “Journal officiel” and, subsequently, in any journal in the
nearest coastal zone to the proposed site. However, unfavour-
able decisions are not published, and the law provides that
silence on the part of the Ministry for 48 months (in the case
of applications for extraction concessions) or 36 months (in the
case of applications for prospecting licences) is considered re-
jection ofthe application. Thus, while an applicant apparently
now deals only with one local authority directly, the adminis-
trative procedures remain complex and, the time-frame for a
final decision on any application is considerable.

The legislation also provides that prospecting and extraction
activities are subject to control (“police des mines en mer”) to en-
sure that any licence or concession conditions are complied with.
Further details in this respect are set out in the legislation.

It should be noted that the legislation does not, however,
apply to small extraction projects, which are defined as involv-
ing an area ofless than 3000 nr, with extraction not exceeding
100.000 tonnes annually, and to activities for non-commercial
purposes, in particular coastal zone management2®. In re-
spect of small extraction projects, reference is made to Title
I of Book V ofthe “Code de l’'environnement” (Environmental
Code), which deals with “Classified facilities for the protection
ofthe environment2l0, including mining operations, which are
subject to authorisation on the basis, inter alia, of an environ-
mental impact assessment. In relation to MA operations for
coastal zone management purposes or other non-commercial
purposes, the new legislation makes no reference to any regu-
latory regime that may apply.

The Netherlands

The national government, provincial governments and mu-
nicipalities form different levels of public administration with
regard to the environment2ll. However, the national govern-
ment has overall jurisdiction in the Territorial Sea, the EEZ
and the Continental Shelf212 The extraction of sediments from
the bed23is regulated by the Extraction Act of 197124 which
applies not only in the Territorial Sea, EEZ216 and the Conti-
nental Shelf2lg but in all Dutch waters (“Rijkswateren™)217.

See Art. 2 of Décret 2006-79S.

-0 The text of the Environmental Code, as well as an English translation, is
available on the official governmental website http://www.legifrance.gouv.fr/.

311 Article 21 of the Dutch Constitution states that, public authorities shall en-
deavour to ensure a good quality oflife in the Netherlands, and to protect, and
enhance the environment.. Legislation takes the form of Acts of Parliament,
supplemented hy ministerial orders, decisions and directives (GiBsoN, 1999).

313 The jurisdiction of provincial governments and municipalities ends at. the
coastline.

313 Minerals situated at. a depth ofup to 100 meters below the seabed.

34 Extraction Law (“Ontgronchngenwef) 1971 (Wet. van 27/10/1965, Houdende
regelen omtrent, de ontgrondingen) http://wet.ten.overheid.nl

315 Article 3 (1) of the Extraction Law 1971.

33 Article 4a ofthe Extraction Law 1971.

317 In addition to the marine areas (North Sea and the Wadden Sea), there are
other waters (“Rijkswateren”) such as lakes, canals, the exposed bed of riv-

The Dutch State is the owner of the seabed in the Territo-
rial Sea. Moreover, it has exclusive rights on mineral resources
found on and beneath the seabed of the Dutch Continental
Shelf (Article 4b of the Extraction Law). Therefore, in addition
to the issuing of an extraction license, a contract must be drawn
between the operator and the State i.e. the seabed owner.

The state powers relating to the MA extraction are primari-
ly exercised through the Ministry of Transport, Public Works
and Water Management2I® which has the responsibility for in-
tegrated planning2l9at the national level and is the competent
authority for MA extraction licensing, through the North Sea
Directorate2X). The policies relevant to the extraction of marine
sediments2l are found in the Regional Extraction Plan for the
North Sea (RON, 1993) and its updated version(RON2)22and
the Environmental Impact Assessment Decree23. The ICES
Guidelines (ICES, 2003b) have been chosen to prescribe the
content and scope ofthe assessment of environmental impacts
of MA extraction.

When MA extraction is of small scale, then a full-blown
EIA is not necessary and an environmental impact statement/
report is sufficient; in addition, the application procedure is
short (MER, 1994). Shallow and small-scale sediment extrac-
tions are defined in the RONs as those involving the extrac-
tion of a sediment layer less than 2 m thick and covering a
seabed area less than 500 ha (in the Territorial Sea less then
100 ha); however, ifthe sediment extraction takes place in wa-
ter depths less than 20 m, an environmental impact study is
compulsory. RON2 allows extraction of sediments up to 5 m in
thickness and the sediment storage (filling) in extraction pits
outside the 7 m water depth line for coastal protection pur-
poses24 Extraction of sediments more than 2 m ofthickness is
allowed (under conditions) from areas deeper than 20 m2%6.

It appears, however, that the position has recently under-
gone some change. According to Ices (2007), ‘In 2006 the limits
for the requirement of an Environmen tal Impact Assessmen t
for the extraction of marine sediments are set on an area of
more than 500 ha (5 km 2 and/or an amount of more than 10
million cubic meters per license. These lim its were already val-
id for the Exclusive Economical Zone (EEZ). They are now also
set for the Territorial Zone (less than 12 miles from the coast
line), were previously an area of more than 100 ha (1 km 2) was
the limit’—6

ers in summer and all ports. For all these areas, MA extraction is under the
national government jurisdiction (Article 5 (1) and Article 8 (1) of the Extrac-
tion Law 1971. For details see Bakerta (2004) and http://www.noordzee.nL/
waterkwaliteit/

218 Ministerie van Verkeer en W aterstaat http://www.verkeerenwaterstaat.nl

219 Activities are being coordinated with other competent ministries and govern-
mentbodies. For details, on the managementin the Dutch sector ofthe North
Sea, S€€ BARRY, E LEMA, and VAN DER M OLEN, 2003.

20 Rijkswaterstaat http://www.rijkswaterstaat.nl

21 In the Netherlands, several policy documents have been drawn to provide gov-
ernment guidance/interpretation on sedimentextraction (Fnr more detailed in-
formation, see BARRY, ELEMA, and VAN DER MOLEN, 2003; andBARETTA, (2004).

22 RON (1993) - Regionaal Ontgrondingenplan Noordzee and RON2 (2004)- Re-
gionaal Ontgrondingenplan Noordzee 2.

23 MER - The Netherlands Commission for Environmental Assessment (1994)
http //news.eia.nl/bibliotheek detail,aspx?id=8404

24 Pit refilling is permitted only during 2 summer months and 1 winter month
(RON2, 2004).

2B For more details on the Dutch sediment extraction regulation see DGE (2003)
and BARETTA (2004).

26 ICES, 2007. The document also states: “ The policy and the regulations of the
Second Extraction Plan for the North Sea and the policy on shell extraction
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Finally, it should be noted that since 2006, sand extracted
for the dredging of shipping lanes in areas with water depths
of less than 20 m, has to be placed back on the seabed within
the 20 m depth contour22/.

Poland

Property rights regarding the seabed are vested in the state
and form part of the public domain (“Obszarami morskimi
Rzeczypospolitej Polskiej”)28 mineral resources are also the
original and exclusive property of the state29. The national
government has overall jurisdiction in the sea, beyond the
mid-tide water mark (including the Inland Waters, the Ter-
ritorial Sea and the Exclusive Economic Zone). The Act on
Polish Marine Areas23 sets out the range of competence for
the management of both the marine areas (“Obszary morskie
Rzeczypospolitej Polskiej”) and the newly established “coastal
strip”. The main authorities responsible for these areas are
the three regional Maritime OfficesZl (in Gdynia, Stupsk
and Szczecin) and the Ministry of Environmental Protection,
Natural Resources and Forestry232 which guide and control
activities with environmental implications. Mineral resource
initial investigations, prospecting/evaluation and extraction
are subject to the regulations relating to geological investiga-
tions23. The Ministry of Environmental Protection, Natural
Resources and Forestry is the competent authority for mining
administration24 with the Department of Geology and Geo-
logical Concessions23 as task leaders.

Regulation related to MA extraction is similar to that gov-
erning land mining. The Polish Mining Law2%sets out the legal
framework and applies to minerals contained in the seabed of
the Polish maritime zones. The requirements of environmen-
tal impact assessment procedures are detailed in the Act on
Access to Information on the Environment and its Protection
and on Environmental Impact Assessments Act (9/11/2000)237,
which also lays down the principles concerning environmental
protection, provision of environmental information and public
participation procedures. There are no national guidelines on

will be incorporated ina new documentfor extraction from waters under man-
agement ofthe national government’.

227 http://www.noordzeeloket.nl.

28 According to the Act on Polish Marine Areas, Ustawa z dnia 21/3/1991 r. o
obszarach morskich Rzeczypospolitej Polskiej i administracji morskiej.

29 According to the Polish Mining Law, the state owns the seabed ofthe Internal
Waters, the Territorial Sea and EEZ, and has the rights to explore and exploit
mineral resources. In comparison, the rights of onshore mineral resources are
dependent on the type of exploitation. The state has exclusive rights of the
mineral resources found beneath the surface (and exploited by underground
mining), whereas landowners have the rights on superficial mineral resources
(exploitedby open pits).

20 Op. cit.

21 These offices are under the jurisdiction of the Ministry of Transport and Con-
struction ("Ministerstwo Transportu i Budownictwa”) http://www.mi.gov.pl/
en/moduly/jednostki/opis.php?id jednostki=20.

22 Ministerstwo Srodowiska http://www.mos.gov.pl/

28 Under the Article 34 of the Act on Polish Marine Areas.

24 Article 33 ofthe Act on Polish Marine Areas.

20 Departament Geologiii Koncesji Geologicznych - DGIiKG http://www.mos.gov.
pl/dgikg/

26 The Act Geological and Mining Law, 1994 ("Prawo geologiczne i gornicze z dnia
1/3/1994”) regulates the realisation of geological work, mineral exploitation
and protection, and other environmental issues related to mineral resources.
It applies all over the Polish territory, http://www.mos.gov.pl/lakty prawne/
ustawy/94.27.96.shtml

237 Ustawa o dostepie do informacji o srodowisku i jego ochronie oraz o ocenach
oddzialywania na srodowisko http://www.mos.gov.pl/lakty prawne/ustawy/
dostep.html

the content of EIAs for MA extractionZ8 or an integrated na-
tional policy regarding MA extraction.

Belgium

Belgium is a federal state2 made up of three communi-
ties40and three regions2l, which are subdivided into provinc-
es and communes; therofore, competence?Ris shared by these
entiries (GIBsoN, 1999; VAN ELBURG-VELINOVA, D.; VALVERDE,
C.p., and saLman, A., 1999). Nonetheless, only the Flemish
Region (“Vlaanderen”) borders the North Sea.

Sovereign rights in the seabed are vested in the State. The
Federal Government has competence in the North sea (i.e. the ter-
ritorial waters, the continental shelf and the EEZ)28beyond the
baseline and/or the mean low-water line along the coast2#4 (Gis-
soN, 1999; NBR, 2005, and VAN ELBURG-VELINOVA, D.; VALVERDE,
C.p., and SaLman, A, 1999). An Advisory CommitteeM6has been
set up6to co-ordinate actions concerning the management of

28 An EIA is not mandatory for small-scale onshore mineral (sand and gravel)
resource exploitation if the extraction volumes are less than 20000 tonnes per
year and the affected area is smaller than 2 hectares.

29 The Kingdom of Belgium, a constitutional monarchy and parliamentary democ-
racy, since 1970 has been gradually transformed into a Federal State. The last
radical change of the Constitution ("De Belgische Grondwet / La Constitution
Belge”) was carried outin 1993, after which the Federal Government is backed up
by three Regional Governments (Vlaanderen, Wallonie and Bruxelles), and fur-
ther by Provincial government and local government structures (see OECD, 1997;
wouters and De smet, 2001 and http://en.wikipedia.org/wiki/Main_Page).

20 According to Article 2 ofthe Constitution there are the French Community, the
Flemish Community and the German-speaking Community. See http://www.
ejusticejust.fgov.be/cgi/welcomepi, http //www.fed-pari.be/constitution_uk.html
and http ://www.senate .be/doc/const_fr.html.

2 According to Art. 3 of the constitution there are the Walloon Region, Flem-
ish Region and Brussels Regions. See http://www.ejustice.just.fgov.be/cgi/wel-
come.pl, http://www.fed-parl.be/constitution_uk.html and http://www.senate,
be/doc/const_fr.html.

22 Under the Constitution (Art. 35) powers are dividedbetween the Federal Gov-
ernment and the communities and regions, and Art. 6 of the Special Insti-
tutional Reform Law of 8/8/1980 ("Moniteur belge”, 15/8/1980, as amended)
defines their areas of competence. The constitutional reform and the Special
Institutional reform Law extended the competencies of the Communities to
social affairs, granted competencies to the Regions and established the insti-
tutions of the Communities and the Walloon Region. The competencies of the
Flemish Region were exercised by the Flemish Community. The institutions
of the German-speaking Community were not estabfished until the law of
31/12/1983, defining its competencies for the same matters as those for which
the other two Communities were competent - with the exception of the use of
languages - and providing for the possibility of the Walloon Region to trans-
fer the exercising of certain competencies to the German-speaking Commu-
nity (http://www.crisp.be/wallonie/en/pouvoirs/creation.html). See also OECD
(1997) and W outers and De SMET (2001).

28 Art. 1ofthe Belgium Continental ShelfLaw, 13/6/1969 ("Wetinzake de explora-
tie en de exploitatie van niet-levende rijkdommen van de territoriale zee en
het continentaal plat”) http //www juridat.be/cgi_loi/loi_N.pl?cn=1969061330
as amended by Art. 27 of the "EEZ” act, 22/4/1999 ("Wet betreffende de ex-
clusieve economische zone van Belgié in de Noordzee”), http://www .juridat.be/
cgi_loi/loi_N.pl?2cn=1999042247

24 Coastal zone management on land falls under the federal and regional juris-
diction, whereas the federal government (barring some exceptions) is compe-
tent for the management of the sea. The dividing fine between land and sea
is formed by the provincial frontier of West Flanders, which is bounded on
the seaward side by the baseline (or the mean low-water line) along the coast.
However, divergent laws can assign jurisdiction at sea to the Flemish Region.
For example, the Law 0f8/8/1988 (B.S. 13/8/1988) provides that certain activi-
ties/works in the Belgian part of the North Sea (e.g. the management of wa-
terways, harbours, coastal defence, pilot services, rescue and towing services
at sea and nowadays fishing and dredging) fall under the regional authority
(NBR, 2005). Nevertheless, MA extraction is under the Federal jurisdiction
(see NBR, 2005).

25 To ensure integrated planning and implementation of Belgium’s National
Policy on Oceans. See also http://www.un.org/esa/agenda2 l/natfinfo/countr/
belgium/natur.htm#oceans

26 Art. 1 of the Royal Decree of 12/8/2000 installed a Consultative Commission
charged with the co-ordination between the different parts ofthe administra-
tion concerned with the management ofthe exploration and exploitation ofthe
Continental Shelfand the Territorial Sea and the fixation of modalities and
working costs ("Koninklijk besluit tot instelling van de raadgevende Commis-
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the exploration and eploitation of marine non-living resources
between several competent national departments247.

Article 3 of the Belgian Continental Shelf Law, together
with provisions of the EEZ28 and MMM Acts set out the
legal framework for MA exploration/exploitation. Generally,
the exploration and the exploitation ofthe mineral resources
of the seabed and subsoil are subject to a concession regime,
which requires environmental impact studies. The Royal De-
cree of 1/9/2004X)prescribes the content of EIAs and relevant
proceduresXl concerning the exploration and exploitation of
mineral and other non-living resourses of the territorial sea
and continental shelf.

Management of MA extraction from the Belgian wates is
primarily exercised through the Federal Public Service for
Economy, SMEs, Self-employed and Energy2® the Federal
Public Service for Health, Food Chain Safety and Environ-
ment and MLTMM23, which represents the relevant Federal
Ministry and is responsible for marine environmental pro-
tection from marine activities and resource assessment. The
MA activities are monitored both at the operational levelX4in
order to assess compliance with the prescribed terms of the
licence and at the environmental impact level with physical
and ecological monitoring ofthe immediate area of MA extrac-
tions as well as neighbouring areas that could be potentiallly
affected 266

It appears that changes to the Belgian legislation are under
consideration, but no further details are, at this stage, available.

Greece
The national government (“EGvutq KuBepvqaq”), provin-
cial governments (“Hepupepeieg”) and counties (“Nopapyieg”)

sie belast met de codrdinatie tussen de administraties die betrokken zijn bij
hetbeheer van de exploratie en de exploitatie van het continentaal plat en van
de territoriale zee en tot vaststelling van de werkingsmodaliteiten en -kosten
ervan”). http://www juridat.be/cgi_loi/loi_N.pl?cn=2000081283

207 See Art. 3 ofthe Royal Decree of 12/8/2000.

28 The Law concerning the Exclusive Economic Zone of Belgium in the North Sea
- "EEZ” Act, 22/4/1999 ("Wet betreffende de exclusieve economische zone van
Belgié in de Noordzee”), http://www juri.dat.be/cgi_loi/loi_N.pl?cn=1999042247

20 The Law on the protection of the marine environment in marine areas un-
der Belgian jurisdiction - "MMM” act, 20/1/1999, amended by the Act of
17/9/2005 ("Wet ter bescherming van het mariene milieu in de zeegebieden
onder de rechtsbevoegdheid van Belgié”). http://www juridat.be/cgi_loi/loi_N.
pl?7cn=1999012033

20 Royal Decree of the 1/9/2004 on the evaluation of the effects on the environ-
ment pursuant to the Law of 13/6/1969 on exploration and exploitation of
mineral and non-living resources of the territorial sea and the continental
shelf ("Koninklijk besluit houdende de regels betreffende de milieu-effecten-
beoordeling in toepassing van de wet van 13 juni 1969 inzake de exploratie
en de exploitatie van niet-levende rijkdommen van de territoriale zee en het
continentaal plat”). http://www juridat.be/cgi_loi/loi_N.pl?¢n=2004090150

21 Due to the fact, that exploitation takes place in three clearly defined areas on
the Belgian continental shelf, the procedure includes particular specifications
on these zones concerning their accessibility and extraction volumes, http://
www.ejustice.just.fgov.be/mopdf/2004/10/07_1.pdfifiPage37.

AR It issues permits for exploiting MA on the Belgian continental shelf.

2B Management Unit of the North Sea Mathematical Models and the Scheldt
estuary, which is a Department of the Royal Belgian Institute ofNatural Sci-
ences (RBINS). http://www.mumm.ac.be/EN/index.php.

M Belgium, together with the UK, the Netherlands and Germany require the
monitoring of MA dredging operations through an Electronic Monitoring Sys-
tem (EMS) or "black-box”. Specialised positioning devices are installed on all
dredging vessels working within their waters to control location and inten-
sity of dredging. In addition all licensees are audited each year to confirm
the quantities of material landed from each license and to ensure that licence
conditions have not been breached (see also VeLecrakis ef dl., this volume and
www .sandandgravel.com).

20 See, for example, v an Lancker et dl., this volume.

form different levels of public administration with regard to
the environment. Property rights with regard to the seabed
are vested in the State, forming part of the public domain;
marine mineral resources are also the exclusive property of
the state.

The national government has overarching jurisdiction in
the marine areas, including the coastal strip2Ghowever, some
of'its powers are devolved to the lower levels of administration
(counties). Aggregate extraction is regulated both onshore and
offshore through a series ofaggregate extraction laws267, which
also define the constitution of the county committees, which
decide about the granting of MA extraction concessions2® In
the decision-making, other administrative authorities are also
involved, such as the Ministry of Public Works, Planning and
Environment (“YnEXQAE”), and the Fisheries Directorate of
the Ministry of Agriculture.

An EIA is a necessary prerequisite for the granting of an
extraction licence. However, since there are no national guide-
lines on the content ofthe EIA concerning MA extraction, the
quality of EIAs carried out by independent consultants on be-
half of MA companies has been very variable.

SUMMARY AND CONCLUSIONS

All eight ELT Member Sates considered here are under
wide-ranging obligations to protect and preserve the marine
environment based on the relevant provisions of the LTN-
CLOS 1982, to which these States are Contracting Parties.
Requirements laid down by the OSPAR, Helsinki, Barcelona
and Espoo Conventions need also to be complied with by
those States which are Contracting Parties to any of these
Conventions (Table 1). Concerning MA extraction and its
management, the OSPAR guidelines, drafted by ICES (ICES,
2003b), are of particular significance, as well as the HEL-
COM Recommendation 19/1 on “Marine Sediment Extraction
in the Baltic Sea”. Under the Barcelona Convention, there
are no specific guidelines for the management of MA extrac-
tion; the Offshore Protocol to the Convention, which provides
for research/monitoring surveys concerning the effects of any
proposed activities on the marine environment, has not yet
entered into force.

Although in all the considered States, the central gov-
ernment appears to have the overarching responsibility for
MA extraction and licensing, in some States (e.g. the LIK
Spain, Germany and Greece) much of this responsibility has
been devolved to lower levels of administration. The regula-
tory framework relevant to MA extraction differs, as in some
States there is specific regulation regarding MA exploitation,
whereas regulation in other States seems to be applicable
to both land-won and marine aggregates (e.g. in Germany).
' According to the Law 2971/2001 (“Népog 2971/2001, 19/12/20017).

57 The Laws (“Népoiy) 1219/1938, 1416/84, 1473/84 and the Presidential Decrees
(«IIpoeSpiKd AicrtOYpertan) 636/77, 284/88.

MA aggregate extraction is usually administered at the county level. The
granting of concessions is the prerogative of particular committees, consisting
of representatives of the County Engineering Directorate (“NopapxtaKij Te-

xvixn Ynipeaia»), the County Service ofthe Ministry ofFinance (“OiKovoptKij
Ecpopia») and the local Coastguard Service (“Atpevapxeio»).

'
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Regulation in the UK differed, until earlier this year, signifi-
cantly from that in all other States considered here, as MA
dredging used to be administered through a non-statutory
procedure (interim Government View Procedure). New statu-
tory regulations have now been enacted in respect of MA op-
erations in English, Welsh and Northern Irish waters, as well
as on the UK continental shelf; statutory Regulations have
not yet been enacted in respect of Scottish waters, but are
expected to be adopted soon. If and when legislative changes,
based on the proposals in the White Paper for a Marine Bill,
are adopted in the U.K., the regulatory landscape for MA op-
erations may change further.

Some States (e.g. the UK, the Netherlands) have laid
down particular policies and guidelines concerning marine
aggregates. For example, there is a UK policy towards the
increased use of recycled materialXP, the Dutch government
encourages the use of marine dredged materialX0and Spain
allows marine aggregate extraction only for the purpose of
beach creation/replenishment.

National legislation must be compliant with the require-
ments of any relevant secondary European legislation, in
particular the Environmental Impact Assessment Directive,
as amended (Directive 85/337/EEC as amendedby Directives
97/11 EC and 2003/35/EC), which is the most significant re-
garding the administrative decision-making procedures for
the approval of MA projects. The Directive has been trans-
posed into national legislative systems in the form of sepa-
rate statutes (e.g. Poland, Spain, Germany, France and the
Netherlands) or incorporated into marine extraction regula-
tion acts (e.g. Belgium and, very recently, the UK). Although
all the Member States considered here prescribe environ-
mental impact assessments of the extraction sites as a pre-
requisite to extraction licence grantingl as well as physi-
cal and ecological monitoring ofthe extraction sites following
the commencement ofthe dredging activities, only few ofthe
Member States considered (e.g. the UK and the Netherlands)
appear to have published national guidelines on the content
and scope of MA extraction-related EIAs. In addition, The
quantity and quality of MA reserve and operation data held
by the considered States varies widely, with the most modern
and uniform data sets held by the UK, the Netherlands and
Belgium (see also Velegrakis et al., this volume).

This paper only provides a relatively general overview
over the regulatory regime governing MA operations in some
EU Member States. This in itself, however, has not been an
29 According to MPG6, there should he a reduced emphasis on the supply of

aggregates from traditional onshore and offshore sources. Hence, the contri-

bution from marine sand and gravel to the overall aggregate supply should
remain at around 7 % of the total, and future increasing demand should be
met from recycled and secondary aggregates. MPG6 has now been replaced
by MSP1 Annex on supply of aggregates which, in relation to marine sand
and gravel states: "It is Governmentpolicy to encourage the supply of marine-
dredged sand and gravel to the extent that environmentally acceptable sources
can be identified and exploited, within the principles of sustainable develop-
ment. Environmentally acceptable'in this context is in terms of both the natu-
ral and historic environments. Subject to this overriding consideration, it is
assumed that marine dredging ofsand and gravel is likely to continue to con-
tribute to meetingpart of the national and regional demand for aggregates at

a proportion no lower than that of the recent past, currently about 8% of total

demand forprimary aggregates’.

X0 By offering economic incentives.
2l Atleastin the case of MA extraction volumes above a particular threshold.

easy task. As an incidental finding, this review, relying to a
considerable extent on published information and electroni-
cally available sources in the public domain, has shown that
it is rather difficult to access accurate, up to date and com-
plete information on administrative structures, regulations,
procedures and practice pertaining to the authorization of
MA extraction. In many instances, information available on
the websites of the diverse relevant regulatory bodies is out
of date, incomplete or incoherent2® As a result, it is rather
difficult to properly assess whether and to which extent the
various environmental protection requirements and guide-
lines arising from international conventions as well as the
pertinent European legislation have been complied with.
Considered analysis of national regulatory frameworks for
MA extraction in the light of existing international require-
ments has not been possible within the scope of this con-
tribution. However, while further research in this area is
clearly required, the results of the present review suggest
that there are a number of areas for improvement. In par-
ticular, it would appear appropriate that rules, regulations
and procedures in relation to MA licensing within the EU
are more streamlined, transparent, and uniformly consistent
with international obligations than seems to be the case at
present. Improved transparency of regulation would poten-
tially serve the interests of effective protection ofthe marine
environment, but could also benefit commercial stakeholders
in terms of ensuring competitiveness and an equal playing
field throughout the EU.

The “Blue Book”, recently published by the European Com-
mission in response to its wide-ranging consultations on an in-
tegrated maritime policy forthe EUX3appear to be encouraging
in this respect, in particular as concerns the proposed stream-
lining of maritime spatial planning as a tool for the sustainable
development of marine areas and the establishement of an ap-
propriate marine data and information infrastructure.

In this context, the potential relevance of Council Directive
2003/4/EC on Freedom of Access to Information ofthe Environ-
ment should also be noted. Under the Directive, EU Member
States are, inter alia, required to publish, ifpossible in elec-
tronic form, a wide range of relevant environmental informa-
tion, including (a) “international, national or local legislation”
and ‘policies, plans and programmes” relating to the environ-
ment; (b) environmental data derived from monitoring activi-
ties; (c) periodic reports on the state of the environment; (d)
‘authorisations with a significant impact on the environmen t”
and (e) “environmental impact studies and risk assessments”
on elements of the environment set out in the Directive, such
as “coastal and marine areas”. Effective national implementa-
tion ofthese aspects of the Directive would play an important
role in providing better access to information on rules, proce-

22 The situation in the UK is a pertinent example in this respect. See forinstance
fn. 101, above. However, it should be noted that proposals currently consid-
ered as part ofthe consultations on a Marine Bill could provide some improve-
ment in terms of coordination and consistency of marine licensing rules and
procedures throughout the UK.

28 Communication from the Commission to the European Parliament, the Coun-
cil, the European Economic and Social Committee and the Committee of the
Regions, An Integrated Maritime Policy for the EU, COM (2007) 575 final,
published on 10/10/2007. Available on the European Commission website at
http //ec.europa eu/maritimeaffairs/
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dures and practices governing MA extraction. This, in turn,
would assist in monitoring compliance with the requirements
of the multi-layered legal framework for the protection of the
marine and coastal environment and, ultimately, benefit en-
vironmental protection efforts. For the time being, however,
the difficulty in identifying, for the purposes ofthis review, ac-
curate, complete and up-to-date information on national rules,
practices and procedures relevant to MA operations suggests
that adequate implementation ofthe Directive, in accordance
with its aims, has not yet been achieved.
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This review highlights three morphodynamics modelling approaches, used for offshore marine aggregate extraction
impactassessment. These approaches are based upon examples of (1) full process-based models; (2) idealised process-
based models; and (3) conceptual models. Illustrated also is the way in which these models, applied for extractions
on flat bed or sandbanks, can complement each other, towards the estimation of Coastal State Indicators (CSIs). This
review leads to the conclusion that, for an optimal environment assessment, there are two main approaches: (1) either

combine and couple the models, in order to simulate the full morphodynamics of the system over a long time-scale,

taking into account also short-term events, or (2) use a set of existing models, knowing precisely their applicability to
the CSI's and the reliability of their predictions, rather than using only the best model, available presently.

ADDITIONAL INDEX WORDS: aggregate extraction, impact, morphodynamics, modelling sandbanks, coastal state- indicator

INTRODUCTION

Marine aggregates have become recently a strategic min-
eral resource. Indeed, terrestrial aggregate resources are
decreasing, such that large marine aggregate extraction is
now being considered, or is already in progress. Thus, it is
necessary to assess the impact of offshore marine aggregate
extraction on offshore morphology; this can be undertaken by
estimating the future trends of coastal systems, due to these
extractions. The formulation of so-called Coastal State Indica-
tors (CSls) can assist in addressing these coastal management
questions. The CSIs are a reduced set of parameters that can
simply, adequately and quantitatively describe the dynamic-
state and evolutionary trends of a coastal system (vVan Kon-
INGSVELD, DAVIDSON, and H UNTLEY, 2005).

Within the EUMARSAND project (2002-2005, BonNE, this
volume), marine aggregate exploitation issues were addressed
through the application of a wide range of scientific approaches
(based upon geology, sedimentology, physics, ecology and en-
gineering). The integration of these approaches can improve
significantly both resource management and the knowledge of
the impacts of aggregate extraction, on the state and dynamics
ofthe inner continental shelf and coastal environments. In par-
ticular, morphodynamic modelling can contribute to increas-

DOI: 10.2112 / SI51-004.1 received 11 January 2007; accepted in
revision 19 June 2007.

ing this knowledge, e.g., in terms ofnear-field modelling of the

physical and ecological impacts of offshore sand and gravel min-

ing; improvement in the understanding of bed regeneration’
processes; and the far-field modelling ofthe effects of dredging
on adjacent coastlines). Within the framework ofthe EUMAR-

SAND Project, the morphodynamic modelling of experimental

sites was set up with models which are based upon the descrip-

tion of small-scale processes (Britre ef al., this volume; VAN DEN

E vnDE et al., this volume). The model calibration and the vali-

dation of the numerical results were performed against high-

quality field observations. For this reason, fieldwork was un-
dertaken in the North Sea and the Baltic Sea. The Kwintebank

(located within a tidal environment) was selected as the field

investigation site in the North Sea, whilst the area Tromper

Wiek (non-tidal environment) was examined in the Baltic Sea

(GareL and L ErFeBVRE, this volume).

Over the last decade, several other European projects have
been concerned with the modelling ofthe impact of aggregate
extraction, as outlined below.

+ The SANDPIT project (van RuN ef al., 2005) was the most
recent European project (2002-2004), whose overall ob-
jective was to develop reliable prediction techniques and
guidelines, to better understand, simulate and predict the
morphological behaviour of large-scale sand mining pits/
areas, likewise, to understand the associated sand trans-
port processes at the middle and lower (offshore) shoreface,
together with the surrounding coastal zone.
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» HUMOR (Besio et al., 2008; Dobp et al., 2008) was a Europe-
an project (2001-2004), with the aim to develop reliable as-
sessment and forecasting techniques, to better understand,
model and predict the physical and geomorphological proc-
esses governing medium- and long-term natural changes of
the coastal zone, including the impact of anthropogenic ac-
tivities. The emphasis was on the role that large-scale mor-
phological features play, in long-term coastal evolution.

* CSTAB was a European project (1992-1995), which focused
on Circulation and Sediment Transport around Banks,
based upon in-situ measurement and numerical modelling
(O’Connor et al, 1994).

In this contribution, we focus upon the offshore impacts
of offshore aggregate extraction, with the offshore area being
the portion ofthe beach profile that extends seaward from the
breaker zone, to the edge ofthe continental shelf.

One approach for assessing the impact of aggregate extrac-
tion, quantitatively, is based upon morphodynamic modelling.
Several types of morphodynamic models have been developed.
Each approach has its own advantages and disadvantages.

This paper deals with the two following questions: (1) which
model concepts are available to assess the aggregate offshore
extraction impact?; and (2) how are these models to be used
and, possibly, combined for an optimal environmental assess-
ment of offshore marine aggregate extraction in tidal seas?

We focus upon a tidally-dominated environment, paying
particular attention to the dynamics of regular sea-bed mor-
phological patterns. Such patterns, such as sandbanks, are
potential resources of marine aggregate.

This paper is organised as follows: section 2 incorporates an
overview of available morphodynamic modelling approaches
in tidally-dominated environments, to address the research
question (1) above; Section 3 includes a discussion on how to
use and combine the models, with the perspective of estimat-
ing coastal state indicators; and, finally, the conclusions are
presented in Section 4.

MORPHODYNAMIC MODELS FOR OFFSHORE
EXTRACTION IMPACT ASSESSMENT IN A TIDALLY-
DOMINATED ENVIRONMENT (QUESTION I)

Model Approaches
Coastal characteristics result generally from many physi-

cal processes, which interact at various temporal and spatial

scales. The concept of scales is important in modelling proc-
esses and in the selection of a model, or type of model. Here,
three main classes have been distinguished:

* The full process-based models (FPBM), which describe
small-scale processes and resolve physical equations in the
physical space (x,y,z,time);

* The idealised process-based models (IPBM), which take into
account processes relevant to the scale of interest and re-
solve physical equations partly in the spectral space (wave
vector, time), partly in the physical space;

* The conceptual models (CM), which aim to describe the
general behaviour ofa phenomenon, without describing the
details ofthe underlying physical processes.

Here, this particular model classification is preferred, in-
stead of the commonly used temporal- or spatial-scale clas-
sification (e.g. short-term model, medium-term model and
long-term model). Indeed, it is worthwhile to note that some
approaches are more applicable over different time scales.

Livum

2DH

Figure 1. Discretisation levels for full process-based models. Note: the
horizontal plane is (x,y). (Idier et al., present paper).

For instance, the stability analysis concept, which falls in the
IPBM class, can be applied for long-term morphodynamics
studies (e.g. sandbank dynamics (Huru~nance, 1982)), as well
as for short-term morphodynamics studies (e.g. ripple dynam-
ics (BLoNDEAUX, 1990)).

It may be noted that, within the process-based models, sev-
eral aspects can be distinguished:

* Spatial dimensions of the model geometry (Figure 1): 1DV
(V for the vertical, 0 the horizontal dimension); 1DH (H for
horizontal, 1 horizontal dimension. The variables are inte-
grated over the water depth); 2DV (V for vertical); 2DH (H
for horizontal, 2 horizontal dimensions. The variables are in-
tegrated over the water depth); and 3D (three-dimensional.
For instance, the velocity components are computed in the
three directions x.y.z, at any location in the x.y.z space);

* Hydrodynamic processes: waves, tidal currents, wind-in-
duced currents, and wave-current interactions;

* Sedimentary processes: suspension, bedload, and heteroge-
neous sediment mixtures;

* Bed evolution, related to (divergent) sediment transport.

Full process-based models (FPBM)

Theoretically, full process-based models rely upon processes
alone which, in principle, should enhance their generic appli-
cability. These models start commonly, from a number of more
or less standard models of the constituent processes (waves,
current, sediment transport); these are coupled through a bot-
tom evolution equation.

De Vwrienp and Bakker (1993) have identified two types of
full process-based models: initial sedimentation erosion (ISE)
models; and medium-term morphodynamic (MTM) models. ISE
models assume a fixed bed level whereas, in MTM models, the
bed level is updated, on a time-scale which cannot be substan-
tially larger than the hydrodynamic time-scale. MTM model
applications are used regularly, nowadays, on time-scales of
5-20 years; this is due, not only to enhanced computer power
and model robustness improvement, but also because of more
reliable input reduction techniques (see, for example, LaTTEUX
(1995), for tides, and Cuesuer and MiLes (1992), for waves). Ap-
plication ofthese models at longer time-scales is still hampered
by the fact that inaccuracies accumulate within a long-term
morphological prediction; this is because of the approxima-
tions ofthe implemented physics, inaccuracies ofthe numerical
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schemes and schematised boundary forcing (input reduction).
When these inaccuracies become of a similar order of magni-
tude as the physical phenomena being studied, it is not appro-
priate to extend further (in time) a process-based simulation.
Morphostatic models (ISE) permit the investigation of the
initial response of system, to a perturbation/human interven-
tion, ie. not to determine towards which equilibrium, or in-
stability, the system will develop. The solution to these limita-
tions is to utilise morphodynamic models. However, in practice,
there is often a need to interpret the results of initial transport
computations, without having to resort to full morphodynamic
simulations. One approach is to investigate the initial sedimen-
tation/erosion rates; however, this method is flawed, in many
respects: initial disturbances of the bathymetry have led to a
very scattered pattern. For example, De Vrienp et al, (1993)
have studied the morphodynamics of a ‘sandy bump’, subjected
to a steady current. These investigations have shown that sedi-
mentation/erosion patterns tend to migrate in the direction of
transport; this is a behaviour which is not represented in the
initial sedimentation/erosion patterns. Thus, several methods
have been developed, to extend the time-scale towards a longer
morphodynamic time-scale. Larreux (1995) has proposed sev-
eral methods, such as tide-lengthening. This approach, which
is adequate to study propagative features such as sandbanks
(LATTEUX, 1995), consists of increasing the morphological time-
step, by a so-called morphological factor (typically, N = 100 to
1000); this is such that full process-based morphodynamic mod-
els can now be applied, at time-scales of ~5 to 10 years (me-
dium-term models). Such methods are implemented in many
morphodynamical models. RoeLvink (2006) developed another
method, which assumes that the overall flow and wave patterns
do not change for small bed level changes. This assumption is
used also in the “continuity correction” of many morphological
models. The tidally-averaged transport rate is a function of the
flow and wave patterns (which do not vary on a morphological
time-scale), and the local water depth (which varies on a mor-
phological time-scale). Thus, given a certain set of current and
wave conditions, transport at a nartiqular location is only a
function of water depth (S =A (X,yj/l b); here, h denotes
water depth and b is a cbnstant. In this case, the value of A
at each horizontal point (x,y) can be derived directly from the
local water depth and the initial transport rate, which may be
computed using a sophisticated transport model. This approach
means that the downslope preference ofbedload (within the ini-
tial transport rate), as well as wind-driven current effects (with-
in the transport rate, averaged over a tidal cycle) is included. A
combination of the sediment balance equation, together with
the equation cited, requires very little computational effort (this
method has been implemented in Delft3D-RAM, Rapid Assess-
ment Module). Within morphodynamically active areas, such as
estuaries and outer deltas, the RAM method may still work well
enough to be applied as a rapid updating scheme. As soon as the
seabed change becomes too large, full simulation of the hydro-
dynamics and sediment transport is carried out for a number of
input conditions. A weighted-average sediment transport field
is then determined, which is the basis for the next RAM compu-
tation over, for example, a year. An important observation can
be made that (costly) computations, to update wave, flow and
transport fields, can be carried out in parallel; this, in addition
to the simplified updating scheme, leads to a significant reduc-
tion in the simulation time (compared to a FPBM approach).
With this approach, i.e. the coupling of the hydrodynamic
FPBM Delft3D and the RAM module, morphodynamic simula-

tions (covering decades to centuries) are feasible, in terms of
computational effort. However, experience of applying such a
process-based model, on time-scales longer than 50 years, is
limited.

Finally, all ofthese models suffer from variability in, and er-
rors associated with, the input and the boundary conditions.

Idealised process-based models (IPBM)

Idealised process-based models are morphodynamic mod-
els, intended especially to describe the dynamics (generation,
growth, maintenance) ofregular sea-bed patterns. Such mod-
els are based also upon physical equations, such that they
have almost the same limits as the full process-based models,
in relation to lack of knowledge (or parameterised incorpora-
tion) of small-scale processes. However, the models are devel-
oped and used for well-defined applications, to isolate certain
phenomena, e.g. sandbank generation. Compared to the full
process-based models, idealised models assume simplified ge-
ometry, inputs and boundary conditions; and such, IPBM are
generally much less expensive, computationally. The simpli-
fied inputs imply that the hydrodynamic forcing is quite sim-
plified, and that, at least untill now, the extreme events are
not described explicitly. As inputs are simplified, this implies
they have been designed mainly to provide information (pre-
ferred wavelength, orientation, saturation height, or shape for
certain conditions) on the free behaviour (natural evolution
without any temporal change in the forcing) of the system
(e.g., sandbank generation over a flat bed).

The IPBM models assume an initial sea-bed perturbation
which is, mathematically, infinitesimal with, for instance, the
amplitude being several orders of magnitude less than the
water depth. Subsequently, the aim of these models is to de-
termine whether this seabed perturbation will grow, or decay,
with time; likewise how it will evolve. Hereinafter, as a starting
point of a stability analysis, a physically-relevant and exact so-
lution ofthe constituent equations is required. For example, for
an application to offshore bedforms, the basic state (the solution
of the zeroth-order equations) is that of a flat bed. Therefore,
the hydrodynamic and bed evolution equations are solved for
an initial flat bed, leading to horizontally-uniform solutions.
This basic state is perturbed by arbitrary small periodic bed
waves, denoted by a 2D wave-vector (the module is inversely
proportional to the wavelength and the direction is perpendicu-
lar to the bedform crests), allowing for all combinations ofbed
wavelengths and orientation. For some wave-vectors, these per-
turbations decay with time; for others, the basic state becomes
unstable and some ofthe disturbances will grow. Thus, evolving
into a regular pattern of finite amplitude. An important aspect
ofthe idealised process-based models is that the equations are
solved partly in spectral space (the space of wavelength and the
orientation of bedforms) and partly in the physical space, in-
stead of in the physical space ofthe full process-based models
(e.g., Delft3D). For cases of uniformity in both horizontal direc-
tions, the equations are even solved fully in the spectral space.
(Dodd et al. (2003) have undertaken a review of the different
types of stability analysis). The two main classes are the linear
and the non-linear stability models. The first approach yields
information on the initial stage offormation (linear interactions
only): for instance, for bedform generation, the assumption ofa
bedform amplitude much smaller than the water depth is relat-
ed directly to this linear approach. If larger bedforms are con-
sidered, non-linear interactions occur and higher-order terms
in the bed amplitude have to be taken into account.
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Conceptual models (CM)

The conceptual models, also referred to as behaviour-ori-
ented models, attempt to describe the general behaviour of a
phenomenon, without entering into details of the underlying
physical processes. The derivation ofthese models is based of-
ten upon both measurements and physical conservation (for
instance the sediment-mass balance). Hanson et al. (2003)
have provided an overview ofthese methods, for use in coastal
regions.

A typical conceptual model focussing upon offshore dredg-
ing has been developed by Knaapen and Hurscuer (2002).
These investigators developed a model describing the regen-
eration of sand waves, following their removal, to increase the
water depth for navigation. Based upon the stability model
of Hurscuer (1996), together with the knowledge that sand
waves reach equilibrium with a finite height, Knaaren and
HuLscuir (2002) assumed that the sand wave amplitude A fol-
lows the equation:

04 3
— =a,A - and
dt 1

Where A is the bedform amplitude, coefficient is related
to the linear growth and g, to the equilibrium height. This
generic equation, referred usually to as the Landau equation,
appears in many weakly non-linear stability analyses (Dobp
et al, 2003), in which the coefficient g, can be derived from
the (mathematical) weakly non-linear analysis. Knaapren and
HurscHer (2002) showed how the coefficients a; and a, can be
derived, using data and the linear model. The coefficient al
could be deduced from the stability model of H uLscuer (1996).
Alternatively, the coefficients at and a,, could be estimated by
fitting this model to the results of any other model. This re-
mark is important, if there is only limited information avail-
able on the regeneration oflarger sand patterns, for which the
time-scales are even larger.

ASMITA (Aggregated Scale Morphological Interaction be-
tween a Tidal inlet and the Adjacent coast; Stive and W ang,
2003) provided another example of a behaviour-oriented mod-
el. This model describes the evolution of a tidal inlet, towards
a new equilibrium forced by external conditions or geometric
interventions. This concept was applied firstly to the Wadden
Sea by E vsink (1990), who derived an analytical expression for
the morphological evolution of a disturbance, from the equi-
librium state for a single element. ASMITA is an extension
and aggregation of the ESTMORF model (Stive et al.,, 1998).
Aggregation is related to the fact that each morphological ele-
ment is characterised by only one variable, i.e. its equilibrium
volume. The underlying principle is that each element (delta,
channel, flat) attempts to reach a new equilibrium state. Al-
though ASMITA was originally not designed to investigate the
effects of sand extraction, the concepts can be applied also to
this problem. Instead of identifying morphological units, the
schématisation can be based also upon a computational grid.
The exchange between the cell-interfaces is determined by ad-
vection and diffusion ofthe sediment. The advective sediment
exchange can be estimated from the residual tidal motion pre-
dicted by a process model (e.g., Delft3D or Telemac). Sediment
diffusion is based upon an estimate of the equilibrium sedi-
ment concentrations, which depends upon the ratio between
the actual water depth and an equilibrium depth (typically,
the undisturbed ambient water depth).
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Figure2.Influenceofchanneldimension onsedimentation andhorizontal
displacement of channel, after 50 years (Van Rijn and W alstra, 2002).
Note: results obtained with SLTTRENCH.

All ofthese conceptual models are based upon a number of
assumptions, such as, for instance, that a dredged sandwave
will recover its original amplitude; these have to be checked
carefully, independently when, using these models.

Offshore Impact of Offshore Extraction

Offshore extraction on a flat bed

The offshore impact of offshore extraction, on a flat bed, has
been studied using the two types of models: full process-based
and idealised process-based models. For conceptual models,
indications on possible future use are provided.

Full process-based models (2DV, 2DH and 3D). Sev-
eral levels of complexity of full process-based models have
been applied to, then compared with similar cases. Van Rijn
et al. (1999), studied the morphodynamics of a trench, using
SLTTRENCH; this is a 2DV model, based upon advection-
diffusion equations for computing the bed sedimentation in
channels under varying wave and flow conditions. The model
calculates, in a time-dependent mode, sediment transport in
response to currents and waves, as well as changes in bed lev-
els. Using this model, the influence of the channel dimension
on sedimentation and the induced horizontal displacement of
the channel, over 50 years, has been studied (Figure 2). The
study predicts that the water depth outside the mining pit has
the greatest influence on its morphological evolution (Figure 2,
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Figure 3. Plan view of LDS (LDS is the pit location), measurement locations and measured tracks.(a) : overview ofpit location (LDS is pit location;
LEG is the offshore wave station); (b) :plan view of LDS, with measurement locations (blue) and tracks (red), (from W alstra et al., 2002).
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Figure 4. Sedimentation-erosion and yearly residual transport calculated in 2DH (a) and 3D (b). (from Van Rijn et al., 2003)

upper panel); this is in response to the effect of water depth on
the sediment transport capacity. In contrast, the pit geometry
and its dimensions have much less effect on the morphologi-
cal evolution ofthe pit. Figure 2 (lower panel) shows also that
wide pits have a larger morphological time-scale than deep
pits, which have also a smaller migration rate; this is “favour-
able” as it minimises the impact on the coastline. However,
comparison with 2DH models shows the importance in repro-
ducing the flow contraction that occurs in the trench, which
was not included in the SLTTRENCH simulations.

W aLsTrA et al. (2003) validated the Delft3D model in both
depth-averaged (2DH) and 3D-mode. In the sediment trans-
port module, the model takes into account bedload, suspension
and wave effects. The 2DH model has been used to study the
sedimentation-erosion, as well as the annual residual trans-

port, in an offshore pit in the North Sea; this was located 10
km offthe Dutch coast, near the Hoek van Holland (Figure 3).
These results (Figure 4a) have been compared to the results
obtained with the 3D model, Delft3D (Figure 4b). Both models
predict that most changes occur in the immediate vicinity of
the pit, with erosion just outside the pit and sedimentation
mainly on the pit slopes. However, the 3D simulation resulted
in significant larger changes in the morphology. In particular,
sedimentation on the longshore pit slopes is more pronounced
in the 3D results; this is caused mainly by secondary cross-
shore flows, related to the presence ofthe pit and density-driv-
en flows (visible clearly in the residual transports patterns).
The 2DH simulation predicts northeasterly transport, parallel
to the main tidal direction; this leads to morphological chang-
es occurring mostly on the pit slopes, perpendicular to the
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Figure 5. Plan view ofthe evolution of a sandpit, created on a flat bed, subject to tidal flow (M2 and M4). The deeper parts are shown in black, with
the shallower parts white, the undisturbed seabed is grey. Domain size: approximately 70 x 70 km2 (Roos and Hulscher, 2003).

main tidal direction, related to the acceleration and decelera-
tion ofthe flow. However, the 3D simulation predicts that the
pit location LDS attracts sediment from all directions, which
results in southward transport over the northern part of the
pit. Based upon surveys of the pit area, WaLstra e al. (1997)
concluded that the 3D morphodynamic simulations provided
a more accurate prediction. However, such a conclusion can-
not be validated definitively, because ofthe absence ofreliable
measured seabed changes (i.e. the observed bed changes were
of the same order as the measurement error). Moreover, the
relative small time-scale considered (one year) was too short
to draw any definite conclusions.

Idealised process-based models. Using an idealised
process-based modelling approach, Roos and H urscuer (2004)
investigated the morphodynamic effects of creating a large-
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scale sandpit (2m deep, 15km length, and width of lkm), in
a flat region of the offshore seabed (in a water depth of 20m).
The results show that flow contraction occurs, increasing the
water flux inside the pit. Such convergence ofthe streamlines
ofthe depth-averaged flow, inside the pit, can be explained by:
the continuity law ofthe flow entering and leaving the pit, the
reduced friction inside the pit, due to the increased depth, and
the adaptation length.

The morphodynamic implication of this phenomenon
is a gradual deformation of the sandpit in the preferred di-
rection of sandbank formation, together with the appearance
of additional humps next to the pit (Figure 5).This morphody-
namic response is related directly to the inherent instability of
an initially flat seabed, which develops into a pattern of tidal
sandbanks over a time scale of about 1000 years (HUTHNANCE,
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Figure 6. Predicted relative bottom changes due to sand extraction (bottom changes of the land reclamation are ignored, extraction area indicated by
green polygon): (a) plot of the predicted changes, after 50 years, with Delft3D-RAM: (b) plot of the predicted changes, after 300 years, with ASMITA.
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1982). The results display also pit migration in the direction
ofthe tidal asymmetry with the response depending upon the
pit geometry. Futhermore, the inclusion of sandwave forma-
tion processes leads to higher rates of pit migration (Roos et
al, 2005).

Conceptual model. To date, conceptual models relating
to an offshore sand pit have still to be published. The lack
of measured data makes it difficult to validate such models.
Some conceptual models have been applied to study seabed
dynamics, in the case of sand pit extraction (see the ASMITA
model (next paragraph on combined models)), but they are not
designed to reproduce the dynamics ofthe pit itself. A possible
approach could be to examine a sand pit resulting from min-
ing, as an initial perturbation from the equilibrium flat bed.
Assuming that the interference effects (Figure 5) of Roos and
HULSCHER (2004) are avoided, relaxation theory assumes then
that the infilling ofthe pit will be:

In the case ofa negative growth parameter (aJ<0), the depth
D of the pit will decrease, exponentially to zero. The value of
this growth parameter has to be estimated; presently, this can
not be determined from measurements. As the seabed dynamics
on the length scales being examined will take place on very long
time-scales (over decades), a reliable calibration would require
surveys spanning decades. Nevertheless, process-based models
reveal that the dynamics of such a pit depends strongly on the
shape, size and orientation ofthe pit (Roos and HuLscHEir, 2004;
VAN RuUN et al, 1999, W aLstraA ef al, 2003). This conclusion im-
plies that calibration ofthe conceptual model should be applied
to a wide range of pit sizes, shapes and orientations. It will be
a long time before such measurements, on a wide range ofpits,
would be available, i.e. regarding the number of all possible pit
size, shapes and orientation to span, as well as the long mor-

Ail 8

phological time-scale associated to pit dynamics. Alternatively,
the conceptual model could be fitted against a combination of
outputs from process-based models. Once the conceptual model
is tuned against results of various process-based models runs,
it could be a rapid, yet reliable, and therefore a useful decision-
making tool for seabed mining management.

Combined models. In WaLstra ef al (1997), Delft3D (a
full process-based model) and ASMITA (a conceptual model)
were applied simultaneously, to investigate the large-scale ex-
traction of 1billion cubic meters of sand for land reclamation
(Maasvlakte-2), at the Rotterdam harbour in the Netherlands
(Figure 6). Delft3D-RAM simulations, over 50 years, predicted
that the effects of the sand extraction (a lowering of 10 m, in-
side the green box in Figure 6) were confined to the immediate
surroundings ofthe extraction area. The ASMITA simulation,
covering a 300 year period, reveals that the morphological ef-
fects are present over a significantly larger area (the effects on
the coast were not included). An important advantage in using
the ASMITA conceptual model was the possibility to perform
a sensitivity analysis, over the 300 year period. The sensitiv-
ity analysis concluded that the model predictions were robust,
i.e. parameter variation resulted in linear, or almost linear,
effects on the model output.

Offshore extraction on sandbanks

Sandbanks are characteristic of continental shelves with a
high supply of sand and sufficiently strong tidal currents. The
Belgian continental shelf, in the southern part of the North
Sea, is covered abundantly with these large structures and
has been studied extensively (Lanckneus et al, 2001). All three
model types (full process-based, idealised process-based, and
conceptual models) have been used for studying the offshore
extraction from sandbanks.

Full process-based models (2DH). FPBM models are used
often for investigating the behaviour of the sea bed; their ap-
plication to sandbank morphodynamics is not straightforward

Figure 7. Dimensionless growth rate: (a) idealized process-based model (linear stability analysis): (b) full process-based model (Telemac). Note: on
the Figure, wave number k is in the direction ofthe tidal current, whereas wave number lis perpendicular. Water depth=30 m. Grain size=0.5 mm.
Strikler coefficient=55 m1/3s-1. Depth integrated veloeily=1m/s. Morphological lime-seale=303 years, (from Idier and Astruc,2003).
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and only limited applications have been undertaken, espe-
cially on the influence of sand extraction from sandbanks.
However, part ofthe dynamics has been studied; for instance,
the ability of a FPBM to reproduce sandbank generation (Idi-
ee and A struc, 2003). Hydro-sedimentary patterns of dredged
sandbanks have also been modelled (D eleu et al., 2004); these
studies as described below.

Based upon idealised process-based model results (linear
2DH stability analysis), together with those of a full process-
based model (Telemac), Ipier and A struc (2003) have studied
the linear and non-linear behaviour of large-scale underwater
bedform patterns, such as sandbanks. The model is based upon
depth-integrated hydrodynamic equations, with a quadratic
bottom friction law (Telemac2D), together with a bed load sedi-
ment transport model including a bottom slope effect (Sisyphe,
a module ofthe Telemac package). Firstly, the stability of a flat
sand bed subject to a simple tidal current was computed, using
the Telemac model. Small amplitude sinusoidal bedforms are
superimposed upon the flat bed. They are characterised by a
single wavelength and orientation, relative to the current. The
growth rate ofthis eigenmode has been defined as:

dh -
— +C0.V/? =co ?
dt

~with & the bedform amplitude, (O the growth rate and
C0Cthe migration rate. Good agreement with the linear sta-
bility results was found (Figure 7). Secondly, the Telemac
model was used to investigate the non-linear behaviour ofthe
instability, for a simple tidal current; more specifically, to es-
timate the saturation height of the theoretically most-ampli-
fied mode. Thirdly, a Landau equation, whose coefficients are
computed from the previous results, was used to predict the
temporal evolution of the bedform amplitude from its initial
infinitesimal amplitude to saturation. A comparison with the
characteristics of continental shelf sandbanks shows that the
model provides a reasonable estimation of the temporal dy-
namics of these large-scale bedforms. The saturation height
appears to be slightly overestimated, which is due to the study
hypothesis (the study is focused on the temporal variations of
one mode, assuming that the “linearly most amplified” mode
will be the dominant mode in the non-linear regime). How-
ever, this study has shown that full process-based models are
able to reproduce the generation of bedforms, whose charac-
teristics are close to those ofthe sandbanks; it has shown also
a part of the sandbank height saturation processes, since for
large enough amplitudes, the model is able to provide negative

fgm'

Figure 8. Definition sketch of a sandpit, as created in a one-
dimensional equilibrium profile of a tidal sandbank (after Roos, 2004):
(a) pit geometry h_pit(x), showing width B, depth H (and slope length
S), (b) the same pit, now created at the crest of a tidal sandbank in
morphodynamic equilibrium h_eq(x). Notes: (i) the pitlocation relative,
to the bank profile, is an additional characteristic of sand extraction
(compared to the flat-bed case) and (ii) the model assumes alongbank
uniformity, i.e. the banks and pits are infinitely long.

growth rate for modes which were amplified initially. Further-
more, this publication provides an example of how to combine
various approaches (here, full process-based model (Telemac),
idealised process-based model (linear stability analysis), and
conceptual model (Landau equation)).

The Hinder Banks (lying to the North Sea) and the Flemish
Banks are non-idealised sandbanks studied within the frame-
work ofthe CSTAB project (and also the BLTDGET -LankNEUS
et al., 2001- MAREBASSE -van Lancker ef al, 2007- or ELT-
MARSAND projects). Within the CSTAB project, W iLLiams ef al.
(2000) applied a three-dimensional model to the Middelkerke
Bank. The model included tidal currents, wind waves and sedi-
ment transport. The results reveal the presence of a clockwise
residual circulation of water around the bank, which is consist-
ent with theory. Further, all ofthe studies undertaken showed
that the sandbanks are areas ofa changing spatial depositional
budget, due to complex hydrodynamic forcing. Likewise, sand-
banks should be seen as part of a system of swales and sand-
banks. Such results assist in understanding the temporal and
spatial evolution oftidal sandbanks.

Another example of a full process-based model applied to
sandbanks is a study undertaken by DerLeu ef al (2004) in
which the Westhinder Bank (Belgian continental shelf) has
been modelled using a morphostatic model; this consists of an
hydrodynamic module, mu-HAB, and a sedimentary module,
mu-SEDIM. These investigations provided information on
current pattern and sediment circulation around the bank.

Idealised process-based model. In the field, two types
of sandbanks are found: tidal sandbanks (sandbanks oriented
counter-clockwise to the main current in the Northern Hemi-
sphere) and shoreface-connected ridges (sandbanks lying
closer to coastline and oriented clockwise to the main storm
induced current). The extraction of marine aggregate has been
studied for both ofthese features.

The stability model presented above (Section 2.3.1) consid-
ers a flat bed and, as such, is thus not suitable for studying
the impact of sand extraction from tidal sandbanks. For this
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Figure 9. Prediction of the sand wave growth in Bisanseto Channel
(Japan). The model is based upon the Landau equation (dashed line)
and the linear trend analysis (dotted line), both based upon a model
parameter tunning on the first three measurements (before 1968).
(from Knaapen and Hulscher, 2002).
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purpose, the finite amplitude equilibrium profiles were ob-
tained, with the non-linear sandbank model provided by Roos
et al. (2005). Sand extraction from a tidal sandbank can be
seen as a local perturbation of such a profile (Figure 8). Roos
(2004) showed that, after creating such a pit, the system shifts
to a new equilibrium state. The corresponding time-scales are
ofthe order ofa century; they are shortest for deep and narrow
pits created in the crests ofthe banks. It is important to realise
that the above model approach considers sand extraction from
each individual bank, within a periodic profile; thus, all ofthe
banks are considered to be identical. As a result, the potential
interaction between a sandbank, with a pit and surrounding
banks (without a pit), cannot be studied. Such a limitation
(lack of localisation) is inherent in such an idealised model.

Elsewhere, a stability analysis approach has been used by
De SwaeT and carvere (2003) to study the impact of extraction
on shoreface-connected ridges. The model is based upon non-
linear stability analysis. The main processes taken into ac-
count were: storm-driven currents; 2DH shallow-water equa-
tions; bedload and suspended sediment transport; the action
of waves; net currents; and seabed slopes. In particular, these
investigations have shown that, following the local removal
of sand, the system tends to return to its original equilibrium
state. This gradual process, occurring over several centuries,
is associated with a supply of sand, from both the outer shelf
and the nearshore zone. Thus, extraction of sand from the
shelf (shoreface-connected ridges), together with the dredging
of navigation channels, may have negative implications for
the stability of the adjacent beach.

Conceptual models. To the knowledge of the authors,
there is only one conceptual model which has been proposed,
in relation to offshore dredged sandbanks (Hommes, Hulscher,
and Stole, submitted). Previously, Knaapen and Hulscher
(2002) applied a conceptual model to dredged sandwaves, as-
suming that they will recover their initial amplitude, after

Scenarios 1-3

7.5
Scenario 1
=~ Scenario 2
— Scenario 3
I 55
4.5
3.5

50 100 150 200 250 300 350 400 450 500 550 600
time (years)

Figure 10. Results obtained from an amplitude-evolution model. In
the model runs, the amplitude before dredging (A0) was taken as 7.5
m, which is similar to the amplitude of the Zeeland ridges (see text).
The scenarios shown are: scenario 1 (dredging depth=2m); scenario
2 (dredging depth=5m); and scenario 3 (dredging depth=9m). (from
Hommes, Hulscher, and Stolk, submitted).

dredging. The growth ofsuch tidal sandwaves followed a logis-
tic equation, as illustrated in Figure 9:

04 3

— =a,4A - and

or 1

In HomMmESs, HuLscHER, and StoLEk, submitted, this model is

adjusted to predict the regeneration of ‘sand ridges’ (techni-
cally, the same as sandbanks), following dredging (Figure 10).
Parameter settings have been estimated from the sandbank
study of Hurscuer (1996). A value for the linear growth pa-
rameter al was estimated, based upon the physical processes
and for typical North Sea conditions. The non-linear damping
parameter a2 was estimated from bathymetric data available
for sandbanks. Assuming that the sandbanks are in equi-
librium with prevailing current conditions, i.e. no temporal
change, the equation reduces to:

The coefficient @, was estimated by assuming an equilib-
rium sandbank height of 15 m, this is a typical height for the
Zeeland ridges. The model gives the recovery period, which
is the time taken for the dredged bedform to reach its former
height. The influence of the dredging depth on the recovery
period was investigated, e.g., assuming that the crest of the
sandbank will be lowered by 2 m and, using these coefficients,
the recovery period would be about 400 years. After tuning
the model against a combination of field measurements, ideal-
ised process-based models and full process-based models, the
model’s simplicity makes it a very useful tool for designing
optimal sandbank mining strategies.

This approach, based upon a logistic equation, assumes a
lowering ofthe complete sand bank. The dependency on hori-
zontal pit size (shown in Figure 2) can be incorporated only by
pit-size dependent model coefficients; likewise, the effect of pit
migration needs to be negligible.

Discussion on nearshore impact of offshore extraction

The influence of waves on sediment transport is stronger,
generally, in the nearshore area. However, not all ofthe avail-
able offshore models integrate such wave-induced sediment
transport processes. However, the offshore models can assist
also in the evaluation of coastal dynamics, as they are able
to explain how mining activities influence sediment transport
patterns towards the shore. One impact ofa bed depression on
the adjacent coastline is the modification of the induced wave
propagation. Such modification could have a drastic effect on
the shoreline. The study ofthe relationship between the near-
shore area and offshore sand extraction is still under investi-
gation, e.g., using field measurements, it is difficult to relate
properly offshore sand extraction and beach evolution.

Full process-based modelling has been used previously with-
in the CSTAB project (MacDonaLp and O'Coxnor, 1996). The
project included modelling and field experiments undertaken
on the Middelkerke Bank (the Belgian continental shelf) and
the adjacent Nieuwpoort beaches. On the basis of field obser-
vations, these investigations concluded that sandbanks afford
substantial protection to the coast and that this effect may be
reduced by rising mean sea level and dredging activities.

The relationship between sandbanks and the shoreline was
investigated also in the project “Understanding the Behaviour
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Table 1. Synthesis on the long-term approaches.

Lesser et al. (2004),
with Delft2D/3D
(full process-based)

Roos and HULSCHER
(2004) (idealised
process-based)

Advantage

Quite reliable results, on
the short- or mid-term
(VanRijn etal., 1999;
Tonnon et al., 2007;
Sutherland et al., 2004;
Nicholas et al, 2004)

Process analysis
(geared to describe an
isolated phenomenon,
in an idealized case, eg,

Idier, et al.

Drawback

Highly sensitive to quality oflocalboundary and
initial conditions
Time-consuming, for sensitivity analysis

Hard to set up a stability analysis model.

Problem ofvahdation ofthis approach (PETERS and
HULSCHER, 2006).

cannotbe used in site-speciffc situations, e.g. the

Outputs

Current
Wave
Sediment flux
Bed evolution

Current
Sediment flux
Bed evolution

Time/space scale

Few meters to hundreds
km
Minutes to decades

Few meters to hundreds
km
Decades to century

sandbank dynamics) Kwinte Bank.

Hommes et al. Not time-consuming. Field data required pit/sandbanks Event scale, or long-term
(submitted) Easy to use Require qualitative support from process-based amplitude
(conceptual) model results, or from field experience (check

ifthe modelis appropriated for the considered

configuration ?)

and Engineering Significance of Offshore and Coastal Sand
Banks” (Wuitenouse, 2001). The influence of bank changes,
on coastal sediment transport and morphodynamics was as-
sessed using numerical coastal process-based models (SoutH-
gate and Bramreron, 2001), which showed that the beach gen-
erally supplies the banks, if the sand is exchanged between
the beach and the bank. Other field studies have confirmed
this behaviour: beach-bank exchange occurs, for example, at
Donna Nook on the Lincolnshire Coast (DIK).

Idealised process-based models, not specifically nearshore
models, can also be used. For example, a stability analysis
has been performed on shoreface-connected sand ridges by de
Swart and Calvete (2003). In addition to the offshore impact,
this study provides information on the nearshore impact of
offshore extraction on the ridge.

Model validation for sandbank/sandpit generation

IPBM: linear stability analysis
-» Sandbank generation
Initial Sandpit behaviour

H ansoN ef al. (2003) have provided an overview ofnearshore
models (especially, conceptual models), to study the impact on
the shoreline, including waves.

Main characteristics of the three approaches: examples
Examples show how the three approaches complement each
other. Table 1 lists some of their characteristics: advantages,
disadvantages, outputs, and time/space scales; the latter are
somewhat related. This relationship can be shown using lin-
ear stability analysis, where the morphological time-scale is
related to the spatial scaling. For instance, in Idier and Astruc
(2003), the morphological time-scale (hundreds ofyears) is re-
lated to the tidal excursion length (hundreds ofkilometres).
In general, engineering studies use FPBM to analyse mor-
phodynamic changes; they appear more reliable, because they

FPBM: morphodynamic 2DH/3D model
-» Sandbank generation
Initial Sandpit behaviour

Model application for aggregate extraction impact on sandbanks

CM: Field observation on
equilibrium sandbank height

CM: Landau equation use
— Long term sandbank
height evolution and
associated time scales (eg:
recovering time)

IPBM: non linear stability
analysis
Long term sandbank
behaviour and associated
time scales (eg: recovering
time)

FPBM: hydrodynamica! model
Regional hydrodynamic

FPBM: morphodynamic 2DH/3D
model
* Impact on wave and current field,
up to nearshore
Short-term sandbank behaviour
(extreme events like storms)

FPBM: cross-shore model
Impact of offshore hydrodynamic and sediment
fluxes changes on nearshore dynamics

Figure 11. Schema example ofmodel coupling for the impact study of offshore aggregate extraction, in a sandbank area. Terms: IPBM - Idealized
process-based model ;FPBM -Full process-based model; and CM - Conceptual model.
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contain descriptions of all the processes. Occasionally, a CM
is used: ASMITA for problems around tidal inlets (KragTwik
et al., 2004), and the one-Line model (Demir et al., 2004) for
coastal changes. The IPBM has so far been used only rarely;
these models are a combination ofthe CM (which is intuitive
and easy to understand) and the complete FPBM. The models
contain most, but not all, ofthe processes; they are difficult to
understand (less intuitive), especially if non-linear effects are
incorporated. However, they can provide relevant information
(to orders of magnitude) on long-term temporal and spatial
scales (PeTErs and HuLscHer, 2006).

Each ofthese model approaches is dependent upon location
and the hydro-sedimentary conditions ofthe surroundings. For
instance, FPBM models need sufficiently refined bathymetric
data, in order to establish relevant computational grids. IBPM
can require also a range of regional data, in case it is applied
“point by point”, as in Va~ per VEEN et al. (2006). Here, a sta-
bility analysis model is applied to the whole ofthe North Sea,
using GIS data for input parameters. For example, CM models
require sedimentary data (ASMITA), or the temporal evolu-
tion ofthe bathymetry (the Landau approach).

LTpon the model being set up, a general problem with them
is their validation: in the absence of long-period time-series, it
is difficult to ascertain the model accuracy.

DISCUSSION ON THE USE OF MODELS
TOWARDS COASTAL STATE INDICATORS

Coastal State Indicators
From a Coastal Zone Management (CZM) perspective, the

possibility of sand extraction is determined by physical, socio-

economic and administrative contexts. Rational CZM will be
based upon an integrated analysis ofthe various components.

A coastal manager will require a rational decision-making

process,that is both transparent and reproducible. Strategic

CZM objectives that are sometimes vague need to be trans-

lated into (specific) operational objectives. An important

component of this process is the definition of a set of Coastal

State Indicators (CSIs). Each indicator is related to a specific

coastal-user function, e.g. coastal safety, navigation, offshore

infrastructure.

The first question on the use ofthe models is: which model
or approach is the most appropriate for estimating coastal
state indicators?

For example, a number of indicators are listed below, to-
gether with examples of models which could be used to esti-
mate the indicator.

* Sand budget in the offshore, extending to the nearshore
zone: numerical morphodynamic model (Delft3D) (Class:
FPBM)

* Wave height: numerical wave model (SWAN, REF-DIF)
(Class: FPBM)

* Tidal current: numerical current model (Delft3D) (Class:
FPBM)

* Sandbank height: non-linear stability analysis (Roos et al.,
2004) (Class: IPBM)

* Recovering time, after extraction: Landau equation (Class:
CM)

* Short-term sandbank height variability (extreme events):
numerical morphodynamic model (Delft3D) (Class: FPBM)

These offshore models can be used also as boundary condi-
tions for engineering cross-shore models, to estimate Coastal
State Indicators:

* beach profile : cross-shore model LTNIBEST-TC, SBEACH,

CROSMOR (class: FPBM);

+ coastline accretion/erosion: longshore model GENESIS,

UNIBEST-CL+, LITPACK (class: FPBM).

Discussion on Model Use

This review has presented several types of established mod-
els, for assisting in the assessment ofthe impact of marine ag-
gregate extraction, on either a flat bed or within sandbanks.
The approaches followed are: full process-based; idealised proc-
ess-based; and conceptual modelling. On the basis ofthese stud-
ies, the main physical processes to take into account appear to
be: tidally-, wind-driven flows and flow contraction phenomena,
requiring a 2DH description; bedload transport (including the
bed slope effect); and the wave-stirring effect, in the case of ex-
traction on finite amplitude bedforms. All of these models are
dependent, in a more or less detailed way, upon location and
hydro-sedimentary conditions ofthe surroundings.

Each of these model approaches provides relevant informa-
tion, on different aspects of the problem: time-scales; seabed
stability; and hydrodynamic modification. Thus, it appears
worthwhile to couple these models, to establish a broader view
of the system behaviour, e.g. from aggregate extraction to the
equilibrium return ofthe system. Full process-based sandbank
models were designed initially for short- and mid-term applica-
tions, whereas idealised process-based, together with conceptu-
al sandbank/sand spit models, are designed for long-term fore-
casts. Thus, combining these different model approaches would
lead to a temporal and spatial continuity in coastal dynamics.
For instance, this could help to better assess long-term mor-
phodynamics, taking into account threshold effects associated
with extreme events (e.g. breaching generation).

An example of how to use and couple each ofthe three ap-
proaches, to study aggregate extraction impact, is shown in
Figure 11. The full-process model could be calibrated using
available short-period survey data. The idealised process mod-
el might be calibrated against the same data or, if required,
against a combination ofthe data and some short-period runs
of the full process-based model. These models should then be
able to provide some preliminary forecasts ofthe impact ofthe
sand mining. However, both models take a long time to run, so
it is impractical to analyse the consequences of all possible siz-
es ofpits, together with their shapes and orientations. It would
be more efficient to fit a conceptual model to the process-based
models, to analyse the wide range of possible pit dimensions.
Subsequently, the most suitable pit could be analysed, using
the process-based models, to ensure that the results are reli-
able. Running different models, associated with varying the
model parameters within realistic boundaries, will result in
an estimate ofthe accuracy ofthe predictions.

However, it should be noted that morphodynamic model
validation is often hampered by a lack of reliable measure-
ments of long-term bathymetrical changes and associated hy-
drodynamica! parameters (primarily, waves and wind). Thus,
there is a need also to acquire and provide such datasets.
Peters and Hucrscuer (2006) have shown also that, without
full validation, models can still assist in the decision-making
process, concerning large-scale sand mining. Indeed, focuss-
ing on the use of a new model (IPBM, stability analysis) in
decision-making for offshore large-scale sand extraction,
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these investigations have attempted to: (1) evaluate whether
model validation assists the decision-makers; and (2) explore
how to improve the model and its use. It appears that valida-
tion will reduce only one component of the uncertainties; as
such, it is insufficient to assist decision-makers. Even if they
are not validated, models can still provide “early warnings”.
This observation is confirmed by the willingness of one of
the decision-makers involved in large-scale sand extraction
to use a new model approach (based upon stability analysis)
that is not fully validated (PeTers and HurscHEer, 2006). Such
a study has identified how to improve the model, together
with its use, by decision-makers, based upon the Construc-
tive Technology Assessment (CTA) method. This approach
modulates the interaction between the model design proc-
ess and the decision-making process. Starting with a new
model and interacting with managers, leads to feedbacks
between model design and the decision-making process, to
demonstrate how the new model can be improved. Such an
improvement has led to the modelling study performed by
Roos and HuLscuer (2003).

To estimate as many CSIs as are presently available, it is
possible to use a set ofexisting models. H omMEs, HuLscHER, and
stoLe, submitted, have investigated whether using such a set
ofmodels is more helpful in addressing management questions,
than using only the best model within this set. The selected
models were assessed in terms of: (1) their applicability to the
CSIs; and (2) the reliability oftheir predictions. H omMES, H uLs-
cuer, and Stoie, submitted, quantified the prediction skill of
the models, based upon these two parameters. These investiga-
tions concluded that, by using a set of models, it is possible to
address more management questions effectively; this is com-
pared to using only the best model available. Using this set of
models increases substantially the prediction capability.

CONCLUSIONS

This review provides an overview of: (1) the model concepts
available to assess the impact of aggregate offshore extraction;
(2) how to utilise these models, to obtain an optimal environ-
mental assessment of offshore marine aggregate extraction,
in tidal seas.

Three main concepts have been identified: the full proc-
ess-based models; the idealised process—based models; and
the conceptual models. Until now, the idealised process-
based model has been the approach which has been applied
most, for investigating the morphodynamics of a dredged
flat bed or sandbanks. Full process-based models have been
used mainly to study the morphodynamics of a pit, sandbank
generation and the influence of the dredging of sandbanks
on hydro-sedimentary patterns. Only a limited number of
dredging studies have been undertaken using conceptual
models. One exception is a study concerned with the recov-
ery time of dredged sandbanks. The main conclusion of this
review is that none ofthe models have been validated, to pro-
vide reliable predictions of the impact of large-scale mining,
on the morphodynamic stability of the region. However, the
different approaches complement each other, supplying the
end-user with a range of tools’ for investigating the impact.
As validation over (long) periods of interest is not yet possi-
ble, the only way to obtain a reliable insight into the future
impacts is to combine the different modelling approaches
and, concurrently, deal with the uncertainty ofthe forecasts.

A suite of models or coupled models appears to provide the
most complete description of the system behaviour (flat bed
or sandbanks), following extraction. All of these models are
still dependent upon location and the hydro-sedimentary
conditions of the surroundings.

For an optimal environmental assessment, two main ap-
proaches are: (1) either combine and couple the models, in
order to simulate the full morphodynamics ofthe system over
a long time-scale, taking into account also short-term event;
or (2) use a set of existing models, knowing precisely their ap-
plicability to the CSIs and the reliability oftheir predictions,
rather than using only the best model, available presently.

Each ofthe models presented in this contribution, classified
into one of the (3) approaches, can still be improved and ben-
efit from on-going research, e.g. on sediment transport. In par-
ticular, the full process-based and the idealised based-model,
would benefit from such an improvement. However, the con-
clusions drawn here would not be modified significantly.
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ABSTRACT I

Sandbanks are considered as primary targets for the marine aggregate industry, not only because of considerations
related to resource quality and operational advantages, but also due to the notion that natural sediment transport
processes that form and maintain sandbanks are able to counterbalance the loss of sediment due to extraction.
This paper introduces: (a) the problems related to the assessment of the impacts of aggregate extraction from
tidal sandbanks; and (b) the multidisciplinary and integrated research that was undertaken on the potential for
regeneration of the most intensively exploited area of the Kwinte Bank (Flemish Banks, Belgian Continental Shelf),
following the cessation of extraction on this part of the sandbank. We assert that the results ofa 30-year monitoring
of exploitation effects along the Kwinte Bank have put in doubt the universal notion of dredging with natureThe
elongated depressions that have been observed in the most heavily exploited areas provide a clear signal that more
detailed information and thorough assessment are required in order to understand and predict the most likely
evolution ofthe bank’s hydro-sedimentary regime and its natural and anthropogenically-induced dynamics.

ADDITIONAL INDEX WORDS: Belgian Continental Shelf, bank maintenance processes, marine aggregates, eiivironmeiital

impact assessment, Flemish Banks, seabed regeneration.

INTRODUCTION

Sandbanks are one of the primary sources of material
for the marine aggregate (MA) industry, due to (Bate ef al.,
1997): (a) their large sedimentary volumes; (b) their shallow
water depths; (c) the suitability oftheir sediments to be used
as aggregates; and (d) their convenient (sub-parallel) orien-
tation in relation to the tidal flow which makes dredging op-
erations easier and safer. In addition, the sedimentary proc-
esses that are associated with presently ‘active’ sandbanks
(e.g. Dyer and HuntLEY, 1999) may restore sediment lost to
extractive processes; thus, sandbanks may be regarded as
preferable aggregate resources, in terms of sustainability.
MA extraction from sandbanks takes place in many areas,
such as the Bristol Channel/Severn Estuary (UK) (James,
puiLrott, and JEnkINs, 2005), the southern North Sea (see
below) and the US (Drucker, Waskes, and BYRNES, 2004),
Australian (QuEENSLAND, 2005) and Taiwanese (CHEN, 2005)
inner continental shelves.

DOI: 10.2112 / SI51-005.1 received 17 January 2007: accepted in
revision 27 February 2008.

Sandbanks are common features of the European conti-
nental shelves (e.g. VerLecrakis et al, 2001), particularly in
the energetic and sediment-rich Atlantic and North Sea en-
vironments. They are formed and maintained under the influ-
ence of particular hydro- and sediment dynamic regimes (e.g.
PattiaraTcul and Corrins, 1987), with most of them having
been formed during, or following, the last (Flandrian) marine
transgression. Sandbanks can be differentiated into relict
(e.g. Kenvon et al, 1981) and modern sedimentary bodies (e.g.
Ccocrrins et al, 1995). Relict (or moribund) banks were formed
under hydraulic regimes that were different from the condi-
tions that operate in contemporary contexts (e.g. REYNAUD ef
al., 1999) and are not actively involved in the contemporary
sedimentary processes. Contrastingly, contemporary (or ac-
tive) banks are the result of modern flow-sediment interaction
(e.g. sTriDE, 1982; WriGHT, 1995).

The majority of the large modern tidal sandbanks are
linear and asymmetric in cross-section (Dver and HUNTLEY,
1999). Sandbanks are found often in groups (Jounson and
BaLpwiN, 1986), and have lengths of up to 60 km, widths of
up to 3 km, and heights ofbetween 3 and 40 m above the sur-
rounding seabed (VeLecrakis ef al,, 2001). Their flanks have
slopes varying between 0.25° to 3° and they are covered com-
monly with subaqueous dunes (Asucey ef al,, 1990) of varying
dimensions. In most cases, there is a spatial differentiation
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in the textural characteristics of the surficial sediments of
subtidal sandbanks (e.g. Lanckneus et al, 2001; McCave and
LANGHORNE, 1982; PARKkER, LANFREDI, and Swirt, 1982; PATTI-
ArAcHI and Corrins, 1987; Van Lanckir, 1999; VELEGRAKIS ef
al., 2007), which is likely the result ofthe interplay between
tidally- and wave-induced sediment transport processes. The
internal architecture of sandbanks varies also. Some banks
show a complex internal architecture, suggesting multi-
phase formation (e.g. BErNE ef al., 1994; TRENTESAUX, STOLK,
and Berne, 1999), whereas others are characterised by a sim-
ple internal structure (e.g. Corrins et al, 1995); these differ-
ences may be related to the antecedent morphology and the
type of substrate ofthe area, as well as the broader sedimen-
tary regime within which the banks have formed.

The sedimentary character (i.e. nature ofthe sediment and
its mobility) ofthe sandbanks exerts a primary control on the
nature ofbenthic ecosystems that evolve upon and with them.
Sandbanks can support important benthic epifaunal assem-
blages (Kaiser et al., 2004; VAN HoOEY, DEGRAER, and VIncx,
2004), comprising particular seabed habitats that likely dif-
fer from those found within adjacent seabed areas (e.g. TyLER
and Suackrey, 1979; vanosmakeL et al., 1982). In addition, these
may represent important nursery, fishing and, in the case of
shallow banks, seabird feeding grounds (e.g. De Groor, 1980).
Therefore, extraction of aggregates has the potential to cause
undesirable ecological and fisheries impacts (e.g. DRUCKER,
W askes, and Byrnes, 2004).

A responsible approach to the management and regulation
of MA operations requires that the effects of extraction should
be monitored. This monitoring should focus not only on the sed-
iment dynamics and morphodynamics of the bank per-se, but
also on the hydrodynamics and sedimentary fluxes of surround-
ing areas (Bastos, PapHiTis, and Corrins, 2004; BerTHOT and
PatTiarRATCHI, 2005; M cNincn and WeLLs, 1999; and 0 1o, 1998).
Complex issues exist regarding the potential effects of sediment
extraction on neighbouring coasts, as nearshore sandbanks can
play an important role in wave energy distribution and dissipa-
tion. It is posited that intensive sediment extraction may lead
to morphological changes in the configuration of the sandbank
(e.g. VAN LANCKER ef al., this volume), which in turn, may result
in the redistribution of wave energy impinging upon the neigh-
bouring coasts, modification ofthe littoral drift and coastal mor-
phodynamics and, ultimately, coastal erosion (e.g. M AcD oNALD
and O°ConNoR, 1996; SeTTER, M 0ssa, and PExLaND, 1989). As yet,
there is no clear or conclusive view regarding such impacts in
the relevant scientific literature (e.g. Boers and Jacossen, 2000;
BRAMPTON, E VANS, AND VELEGRAKIS, 1998; QuEeNsLanD, 2005). In
many cases, the study of such effects has been hampered by
the lack of baseline information and long-term morphological
time-series. This is because in many cases where environmen-
tal monitoring schemes have been established, these have been
concerned only with the short-term (less than 10 years) effects
of'extraction.

The objective of the present contribution is to present the
monitoring methodologies/strategies that have been devel-
oped to evaluate the impacts of MA extraction from tidal sand-
banks, focusing on the 30-year Belgian experience. The paper
also introduces the research activities that were undertaken to
study the physical and ecological evolution of the intensively
exploited Kwinte Bank (Flemish Banks, Belgian Continental
Shelf) since the cessation of the MA extraction activities in
this area and to discuss the ability ofthe natural sedimentary
processes to compensate for the losses due to extraction.

New concession zones

Exploration zone

Zeebrugge

+ Kwinte Bank
. Middelkerke Bank

o 460000 450000 Casting (m) 900000 320000

Figure 1. Past andpresent marine aggregate concession zones, Belgian
Continental Shelf.

SAND EXTRACTION ON THE BELGIAN
CONTINENTAL SHELF

Aggregate (sand) extraction from the Belgian Continental
Shelfcommenced in earnest in 1976; the environmental effects
of which have been studied since 1979. MA concession zones
are located beyond a 12km distance from the coastline and are
concentrated around the linear sandbanks (Figure 1.) in water
depths ranging between -5 and -22 m MLLWS (mean lowest
low water, at spring tides). With a view to confining operations
to surficial sediment layers, existing regulations restrict sedi-
ment removal for each extraction activity to a maximum per-
mitted penetration 0of0.50 m beneath the sediment surface.

Although the Belgian concession zones occupy relatively
large areas of the seabed, most of the extraction has been
concentrated to a restricted number of very confined areas.
During the 30-years of extraction, nearly 99% ofthe total MA
production (Figure 2.) has originated from certain sections of
the Kwinte Bank, ofthe Flemish Bank Group (Figure 1.). The
fact that intense dredging effort was strongly localised became
particularly clear from 1996 onwards, when the dredging ves-
sels were equipped with Electronic Monitoring Systems (EMS
black-boxes’). The EMS navigation information showed that
most of the extraction has been taking place over the north-
western and middle sections of the Kwinte Bank. The opera-
tional rational driving this heavy concentration ofthe dredging
activity is related to: (a) the consistent quality ofthe aggregate
material in these areas; and (b) the cost-effective distance of
these areas from the landing facilities (i.e. the MA wharfs).

In 1999, clear evidence emerged that the extraction was
having significant impacts on the morphology of the Kwinte
Bank. A depression (hereafter called 'the central depression)
of 5 m deep, 700 m wide and 1 km long had developed along
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(Source: Fund for Sand Extraction). Kwinte Bank, most of which are presented in this Special Volume.

Table 1. Physical characterisation of the Kwinte Bank area (followingIE S, 2003).

Bathymetry/topography ofthe general area: - 7to -20 m MLLWS.
Distance to the nearest coastlines: Nearest section of the concession, 12 km; major extraction activities at +/- 16.5 km.

Geological history of the deposit: Several sedimentary units can be distinguished; the upper units are of Late Holocene age (Maréchal and
Henriet, 1983; Trentesaux et al., 1999).

Source of the material: The upper layer of the bank is representative of the present hydrodynamic regime (Trentesaux et al., 1999). The
southern part ofthe sandbank consists of fine sands, whereas medium- to coarse-grained sediments characterise the middle and northern part
(Lanckneus, 1989; Verfaillie et al., 2006).

Type of material: Mainly quartz sand, for the industry Round Sand 0/2, 1480 kg/m2

Sediment particle size distribution: Generally 200-300 pm; coarser grain sizes (enriched with shell hash) occur locally; they are more common
to the north. Mostly, unimodal sediment distributions (Bellec et al., this volume)

Extent and volume ofthe deposit: The Quaternary part of the bank is +/- 300 x 106 m3(based on seismic network of Maréchal and Henriet, 1983).

Stability and/or natural mobility ofthe deposit: The Flemish Banks are generally stable (Van Cauwenberghe, 1971), although a slight
erosional trend has been identified recently for the region (De Moor, 2002); the bedforms have a maximum migration rate of 20 m (Lanckneus
et al., 2000; Degrendele et al., this volume).

Thickness of the deposit and consistency over the extraction area: The thickness ofthe Quaternary deposits decreases progressively from the
SW to the NE with a maximum along the central part (20-21 m). The shape ofthe upper, tidally-dominated, sedimentary unit is difficult to
estimate (Maréchal and Henriet, 1983; Le Bot et al., 2003, for a synthesis).

Nature ofthe underlying deposit, and any overburden: The substratum is composed of compact Tertiary clay (Kortrijk Formation), which
outcrops in the swales (Le Bot et al., 2003, for a synthesis).

Local hydrography including tide and residual water movements: A tidal range of 4-5 m (Springs) (macrotidal). Maximum current velocities
are around 0.9 to 1.0 m/s on the top and the western side of the Kwinte Bank during a spring tide and around 0.4 to 0.5 m/s during neap
tide. Along the western flank, the residual currents are following the bank towards the northeast, while on the eastern flank ofthe bank; the
residual currents are in the opposite direction, to the southwest (Van den Eynde et al., this volume). These directions change under varying
wave conditions (Giardino et al.)

Wind and wave characteristics: SSW to SW winds, 3 to 4 Bfare most common, winds > 6 Bf blow from the WSW to NW; waves of 0.50-1 m in
height and a period of 3.5 - 4.5 s are most common; waves > 3m originate from the W to WNW (Ministerie Van De Vlaamse Gemeenschap, 1993)

Average number of storm days per year: 40 days (winds of > 10 m/s) (calculated from Hydro-meteo database, Flemish Hydrography, period
1996-2001).

Estimate ofbed-load sediment transport (quantity, grain-size, direction): Erosion/deposition of 7-14 g/m2 (modelling over 15 days); transport
direction varies over the bank (Van den Eynde et al., this volume). For the adjacent Middelkerke Bank, the bedload sediment fraction mode
varied from 180-212 pm in the south to 250-300 and 425-500 pm in the north (Vincent et al., 1998).

Topography ofthe seabed, including occurrence ofbed forms: Main extraction takes place where large to very-large dunes (height: 4-6 m;
wavelength > 100 m) occur (Degrendele et al., this volume).

Existence of contaminated sediment and their chemical characteristics: no published reports.

Natural [background] suspended sediment load under both tidal currents and wave action: Fettweis et al. (2006) indicates SPM concentrations
0f 9-250 mg/1 with an average of 26 mg/1. Mostly, <10 mg/1 is found. The average particle sizes range from 122-198 pm. Their size spectra are
bimodal indicating the existence of floes. Measurements were performed at 0.8 and 3 m above the bottom. More than 6% ofthe SPM consists
out of particulate organic matter.
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Table 2. Biological characterisation ofthe Kwinte Bank area (following ICES, 2003).

Flora/fauna within the area likely to be affected by aggregate dredging (e.g., pelagic and benthic community structure), taking into account
temporal and spatial variability): Diversity and abundance of macrobenthic communities are very low, typically for well-sorted mobile sands.
A Nephthys cirrosa community is present on the slopes ofthe bank, and a transitional species association between the Nephthys cirrosa and
Ophelia limacina-Glycera lapidum communities on the summit (‘crown') ofthe sandbank. In the swales, an Abra alba-Mysella bidentata
community occurs, shifting to a transitional species association between the Nephtys cirrosa and Abra alba-Mysella bidentata communities, at

shallower depths towards the bank (Bonne. 2003).

Information on the fishery and shell fishery resources, including spawning areas, with particular regard to benthic spawning fish, nursery
areas, over-wintering grounds for ovigerous crustaceans, and known routes of migration: The crest ofthe sandbank has no rich fish or shellfish
resources. Still, the Flemish Banks play a key role in the supply offish larvae from offshore waters towards more sheltered onshore nursery

areas (Vinex et al., 2003).

Trophic relationships (e.g.. between the benthos and demersal fish populations by stomach content investigation): The rich Abra alba-Mysella
bidentata community, occurring in the swales, is ofexceptional importance, serving as a key food resource for scoters or demersal fishes
(Degraer et al.. 1999). The area is a key-site for wintering Little Guii. Red-throated Diver. Razorbill and Guillemot (Seys et al.. 1993. 1999:
Maes et al.. 2000: Vincx et al.. 2003) and act as a feeding ground for Sandwich Tern during the breeding season (Seys et al.. 1999: Vincx et al..

2003).

Presence of any areas of special scientific or biological interest in or adjacent to the proposed extraction area, such as sites designated under
local, national or international regulations: Special areas of conservation (Ftabitat and Birds Directive) are designated just to the south of'the

Kwinte Bank.

the middle section of the bank (see Figure 3. of Degrendele
et al., this volume). Thus, in 2003, the Belgian Government
closed down MA extraction operations in this area for a period
of, at least, 3 years to allow the regeneration ofthe bank.

ENVIRONMENTAL SETTING OF THE KWINTE BANK

The environmental setting ofthe Kwinte Bank will be described
in detail in subsequent contributions in this volume. Thus, a sum-
mary is presented here which in keeping with the ICES guidelines
(ICES, 2003) provides a description of the physical (Table 1.) and
biological (Table 2.) setting of MA extraction areas.

PREVIOUS STUDIES ON THE EFFECTS OF
EXTRACTION FROM THE KWINTE BANK

On the Belgian Continental Shelf, there is relatively abun-
dant information on the effects of MA extraction on exploited
sandbanks. Extensive information also exists on the nature
and dynamics of a neighbouring (non-exploited) sandbank,
the Middelkerke Bank, (Figure 1.), which was obtained mostly
within the framework of several European projects (Houthuys,
Trentesaux, and De W olf, 1994; Lanckneus, De Moor, and
Stole, 1994; Pan et al., 2007; Trentesaux et al., 1994; Tren-
tesaux, Stole, and Berne, 1999; Vincent, Stole, and Porter,
1998; and W illiam s et al., 2000).

Nevertheless, the monitoring studies related to MA ex-
traction have not been conclusive. LTntil 1993, it was believed
that aggregate extraction had no major effect on the total
volume of the Kwinte Bank. Rzonzer (1993) had suggested
that: (a) aggregate extraction had influenced only the upper
bank volume and the morphology ofthe intensively-exploited
areas; (b) the total sediment volume had not been affected
by the extraction; and (c) there were indications of a natu-
ral recovery of the exploited sections of the bank, through a
natural sand replenishment mechanism which balanced the
rates of extraction and the rates of natural replenishment.
It was thought that such a maintenance mechanism would
regenerate the sediment volume of the upper section of the

bank following natural erosive phases (due to storms) and
anthropogenic removal (MA extraction) of sediments. Nev-
ertheless, Rzonzer (1993) also stressed that there were ques-
tions related to the ability of the adjacent source areas to
supply the necessary sediment required to maintain regen-
erative processes.

However, alternative conclusions were drawn following
the analysis of long-term sediment volumetric data. De Moor
(2002) demonstrated that all the Flemish Banks (both exploit-
ed and non-exploited) had been subject to erosion. The swales
between the banks were found to have remained either stable
or slightly erosional. However, erosion rates seemed higher
in areas located close to the extraction sites. For the Kwinte
Bank, analysis of the topographic information obtained dur-
ing the period 1987-2000 (4-5 surveys/yr) showed (Norro and
Ozer, 2004; Norro et al., 2006): (a) a total bank volume de-
crease (with a high level of confidence), with an annual rate
of-1.5 %; and (b) that this vol