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1 Introduction

Each year across the ICES Area, approximately 53 million m 3 of sand and gravel are
extracted from licensed areas of the seabed as a source of aggregate for the construc-
tion industry, either to supplement land-based sources or as a source of material for
beach nourishment. Because planning constraints and resource exhaustion are tend-
ing to restrict the extraction of sand and gravel (aggregate) from terrestrial sources,
attention is increasingly being focused on the importance of seabed resources to sat-
isfy part of the demand for aggregates. The seabed is also recognized as the only vi-
able source of material for beach recharge in coastal defence schemes. In recognition
of this, the exploitation of marine resources is supported in most ICES Member Coun-
tries by national and international minerals policies, subject to environmental safe-
guards. The use of marine resources reduces the pressure to work land of agricultural
importance or of environmental and hydrological value and, where materials can be
landed close to the point of use, an additional benefit is that long-distance overland
transport is avoided. However, the benefits of using marine sand and gravel must be
balanced with the potentially significant environmental impacts.

The scale of marine aggregate extraction has increased in recent years. This rise re-
flects the increasing constraints on land-based extraction and the recognition that
controlled dredging is sustainable in the foreseeable future. Interest by the general
public in the effects of marine sand and gravel extraction on the environment and
fisheries has grown in line with this expansion of effort. Issues such as the potential
for conflict of interest between stakeholders in the resource and the efficacy of reme-
dial measures during and after extraction are analogous to those arising from land-
based activities. However, in the marine environment, their resolution is rendered
more difficult because of the relative inaccessibility of sites, the general paucity of
site-specific data on the structure and functional role of the habitat and biota associ-
ated with sand and gravel deposits, and problems in quantifying the performance of
local fisheries. Further core drivers for understanding the impacts of marine aggre-
gate extraction exist at the international level. In particular, there is an increasing fo-
cus on the conservation of marine biodiversity, following the Rio Earth Summit, and
on the protection of marine habitats (under the EU Habitats Directive) of whole sea
areas through international management initiatives under OSPAR, HELCOM, and
the EU Marine Strategy Directive. OSPAR, HELCOM, and ICES are also promoting
transnational cooperation in developing the ecosystem approach to marine manage-
ment. Of particular relevance is the increasing emphasis in national and international
fora on the development of more holistic (ecosystem-level) approaches to marine en-
vironmental management, including evaluations of the scope for "cumulative" or
"in-combination" effects.

The ICES Working Group on the Effects of Extraction of Marine Sediments on the
Marine Ecosystem (WGEXT) was established in 1986 with the stated aim of increas-
ing knowledge of the impact of marine aggregate extraction, both on fisheries in par-
ticular and on the marine environment in general. Since then, WGEXT has widened
its remit to include furthering the understanding of the impacts of marine sediment
extraction on various components of the marine ecosystem. WGEXT also regularly
contributes to the ICES Cooperative Research Report series; its efforts have provided a
synthesis of recent advances in our knowledge and understanding of ecosystem ef-
fects resulting from the extraction of marine sediments (ICES, 1992, 2001). One of the
principal activities of WGEXT has been the identification and recommendation of
future research needs. For example, ICES Cooperative Research Report No. 247 (ICES,
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2001) highlighted 15 key research themes, and in the intervening years, WGEXT has
taken a lead in reviewing ongoing research in order to monitor progress in meeting
the identified need. This report, therefore, presents the latest synthesis of recent re-
search on the effects of marine sediment extraction.

This report also provides a synthesis of state-of-the-art approaches to understanding
the effects of the extraction of marine sediments. Keeping abreast of developments,
particularly those relating to the role of remote acoustic techniques in resource map-
ping programmes, is one of WGEXT’s main concerns. Coverage of this topic in the
current report was, therefore, considered important, particularly because the produc-
tion of high-resolution biotope maps of the seabed, using data derived from a combi-
nation of conventional acoustic and visual techniques, is increasingly employed in
environmental assessments of marine sediment extraction sites.

Recognizing the role of this working group in reviewing the impacts of aggregate
extraction in relation to legal safeguards and national and international governance
arrangements, this report presents a synthesis of information compiled over recent
years. Finally, in addition to providing detail on established legislative frameworks,
this report also identifies the latest developments in approaches to assessing risk at
proposed extraction areas.

Objectives
The objectives of this report reflect those of WGEXT, namely to provide a review of:
1) marine aggregate extraction activities in the coastal and shelf environ-
ments of ICES Member Countries;

2) developments in marine resource mapping essential to the sound man-
agement of aggregate extraction;

3) the effects of extraction activities on the ecosystem;

4) the management of marine aggregate extraction operations.

Contributors

At least 15 authors from as many countries participated in the production of this re-
port or contributed data. A complete list of contributors can be found in Annex 1.
Particular acknowledgement is given to Sian Boyd and Gerry Sutton (Section 1),
Mark Russell (Section 2), Ingemar Cato (Section 3), Sian Boyd, Kris Hostens, Jochen
Krause, and Manfred Zeiler (Section 4), and Ad Stolk and David Carlin (Section 5).
All material has been reviewed by WGEXT.
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2.2

Review of the quantity, quality, location, and uses of marine sediments

extracted

Extraction of marine sediment

Extraction of marine sediment in the ICES Area can be related to two distinct opera-
tions. The first concerns sediment generated by an extraction activity that is assessed
and licensed for a specific purpose, whether for construction, replenishment, or rec-
lamation purposes. The second concerns marine sediment generated as a by-product
of another activity, such as maintenance or capital dredging. The sediment removed
through such activities may be reused (the concept of beneficial use). Under these
circumstances, the dredging operation may not be controlled or managed in the same
way as it would be in licensed or borrow areas awarded specifically for the produc-
tion of sediment. This report only considers the extraction of marine sediment that is

assessed and licensed for a specific purpose.

The nature of the sediments being dredged by ICES Member Countries varies accord-
ing to the availability of the natural sediment resources offshore and the na-
tional/international market demand for these materials. The principal markets for
marine dredged sediments vaiy between ICES Member Countries, but in general
terms, these can be broadly characterized as construction aggregates, construction
fill/land reclamation, and beach replenishment/coastal protection. As a consequence
of the variations in resource availability and market demand, some national opera-
tions are concerned primarily with sand (e.g. the Netherlands), whereas others are
primarily concerned with gravels (e.g. the UK).

This section reviews the status of marine sediment extraction in the ICES Area. Al-
though the dredging of marine sediments is dominated by sand and gravel (aggre-
gates), other non-aggregate materials, such as maerl and glacial till, are also dredged
in limited quantities and, where appropriate, these are also detailed. Short descrip-
tions of the national activity in each ICES Member Country are provided, and na-

tional production statistics are presented in Annex 2.

Changes and developments in the end uses of marine dredged sediments in the ICES
Area are reviewed, including the nature of the resources being targeted, the man-
agement of marine sediment resources, the dredging industry, and the dredging

technologies that are employed.

Sustainable use of aggregate resources

Aggregates are an essential part of the modern built environment, which exists in all
ICES Member Countries. The continual development and maintenance of this envi-
ronment creates an annual demand (based on output) equivalent to 7.81of crushed
rock, sand, and gravel per head of population in Europe alone - a total demand of
over 3000 milliont every year. This is met from a variety of sources, ranging from
primary crushed rock, sand, and gravel (including marine) to secondary and recycled

materials.

The contribution from marine sources will depend on the availability, quality, and
cost of alternatives such as land-based sand and gravel, crushed rock, and recy-
cled/secondary material. Belgium, France, the Netherlands, Denmark, and the UK
have reported increasing difficulties in obtaining permission to extract land-based
materials. On the other hand, countries such as Norway and Spain are looking to in-
crease their output of crushed rock from coastal super-quarries, and this could be
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exported to countries with a shortfall in home-based production. Some countries,
such as the UK, are looking to provide suitable deep-water wharves near their larger
markets to accommodate large bulk-carriers.

Sustainable exploitation of marine resources is well established as a basic principle in
both national and international regulations, and beneficial use of dredged materials
arising from capital and maintenance dredging is being encouraged through plan-
ning policy, differential taxation, and licence procedures. In the Netherlands and
Denmark, most of the material dredged for navigational purposes is being used for
construction fill; in Denmark, glacial till and limestone are also being used for land
reclamation. In some areas, sand from capital and navigational dredging is of high
quality and can be used for making concrete. Careful planning of the use of dredged
material from large-scale construction projects has proven to be economically and
ecologically acceptable, and could reduce the pressure on land-based reserves, par-
ticularly of sand, as well as reducing the requirement to dispose of material at sea.

As part of the sustainable exploitation of marine resources, it is a fundamental issue
that these finite resources be used responsibly and appropriately. Over the past ten
years, there has been a significant increase in the use of secondary and recycled mate-
rials in an effort to reduce the pressures on primary aggregate resources, including
marine resources. The Netherlands, Germany, and the UK, in particular, have led the
field in this respect. However, there is a limit to the volumes of secondary and recy-
cled materials available, for example, in the UK. Although the contribution of secon-
dary and recycled materials is ca. 23% of total consumption, there is limited scope for
further increases in the use of most alternatives to primary aggregates, unless signifi-
cantly greater use can be made of other waste products, such as those from the pro-
duction of china clay. On this basis, there is expected to be a continuing demand for
primary-won aggregates to support construction, of which marine sources represent
one component.

There are also limits to the end uses in which secondary and recycled materials can
be employed. In concrete and concrete products, the end uses generally require high-
quality materials; as such, there is only limited potential for substitution. However,
for bulk fill, the specifications are generally less stringent. There is, therefore, greater
potential for substitution; the limiting factor in this instance is the availability of suf-
ficient volumes of alternative materials and the ability to transport and deliver them
economically. The concept of “tit-for-purpose” is, therefore, particularly important.

Under the EU Construction Products Directive, a set of European standards for con-
struction aggregates has been introduced in order to unify and simplify the various
existing national technical requirements. In turn, this is expected to facilitate trade
between all participating countries by standardizing the product descriptions and
terminology for the producers, specifiers, and users of materials alike. Standard
specifications have now been established for a range of end uses, including concrete
and mortar, which rely particularly on marine material. Any product able to fulfil the
requirements of the specification can therefore be used, reinforcing the idea of fit-for-
purpose.

The sustainability arguments surrounding aggregate supply also need to consider
wider issues beyond the finite nature of the resources. Aggregates are a low-cost,
bulk material and are therefore very sensitive to transport costs. By road, the cost of
materials can double for every 50 km travelled. With a typical 5000 t (3000 m?) cargo
being equivalent to 250 lorry loads of 20t (12 m?), the marine aggregate industry of-
fers significant advantages through economies of scale. This means that large vol-
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umes can be transported economically from the source over large distances (>150 km)
and be delivered close to the point of demand. There are also the wider benefits of
relieving pressure on the road networks and the associated reduction in emissions.

Large-scale bulk-fill or replenishment schemes involve huge volumes over long time-
scales, and it would not be economically feasible to undertake such projects without
the use of marine dredged materials. In these instances, the concept of fit-for-purpose
is important to ensure that large volumes of high-end specification resources are not
being used for a low-end purpose. It is common for material arising from navigation
dredging (both maintenance and capital) to be used for such purposes, rather than
merely being disposed of, under the auspices of beneficial use.

The contribution of marine aggregates to ICES Member Countries forms one compo-
nent of the overall need for aggregates (e.g. 20% of the total demand for sand and
gravel in the UK). Marine dredged materials contribute significantly to overall de-
mands by a number of countries and, in certain areas and for certain uses, they are a
major/predominant source of supply. The British, American, Dutch, Belgian, and
French markets around the major points of landing, such as the Thames, New York,
Amsterdam, Antwerp, Dunkirk, and Flushing, depend heavily on supplies of marine
material. Additionally, in ICES Member Countries, beach nourishment and land rec-
lamation/construction fill accounts for more than 20 million m? of marine material
per annum.

2.2.1 Uses of marine sediments

Marine aggregates are a viable option technically and commercially. Modern tech-
nology and control systems ensure that all products are of a consistently high quality
and therefore comparable in performance with land-based alternatives. This is rein-
forced by the introduction of common European standards.

There are three main uses for marine aggregates: (i) construction —mainly for making
concrete; (ii) land reclamation, infilling of docks, road bases, and other ground works
(construction fill); and (iii) coastal protection-both recharge and coastal feeding.
Small quantities of marine sand are used in agriculture to improve soil structure and
as cover for oil and gas pipelines.

The use of marine sediments within ICES Member Countries varies greatly, depend-
ing to a large extent on alternative sources of material and the availability of suitable
marine sediments within national boundaries. The distribution of marine sediments
is uneven. In the North Sea basin, for example, sediments generally become finer
from west to east, which is reflected in the extraction patterns of the countries border-
ing it. The UK extracts approximately 80% of the total gravel removed from the
North Sea region (excluding sand), whereas the Netherlands extracts a similar per-
centage of sand.

2.2.2 Construction

Marine sand and gravel constitute an important raw material for the construction
industry, primarily for use as aggregates in the manufacture of concrete for building
purposes. Washed and graded marine sand and gravel are normally combined in the
proportion of 50:50 to produce concrete and concrete products. Marine sand can also
be used “as dredged” in combination with crushed rock for the same purpose.

Research carried out by national institutes responsible for the testing and specifica-
tion of construction material has established that the use of marine sand and gravel is
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no less appropriate than the terrestrial equivalent, and marine-sourced material has
the benefit of superior workability and lack of contamination from soft materials
compared with land-won sand and gravel.

Given the distribution of populations within ICES Member Countries along both the
coastal fringe and the major river systems extending inland, a significant advantage
of marine sand and gravel is that it can be delivered directly by the dredging vessel
to highly populated urban areas, avoiding the transport of large quantities of land
materials by road.

Marine aggregates (sand and gravel) are used extensively in the UK (more than 8 mil-
lion m3 in 2003) for making concrete. Some Baltic countries also use marine material
for this purpose. In Denmark, the use of dredged materials from navigational chan-
nels for cement production and construction has increased.

2.2.3 Construction fill and land reclamation

Marine dredged material continues to be used for a number of major construction fill
and reclamation projects in the ICES Area.

In the Netherlands, marine sand has been used for a number of major contracts—
mainly for landfill. Although Dutch policy is for more marine sand extraction, the
volumes are more or less stable. However, the quantities in 2001 and 2002 were
higher because of large infrastructure projects on land.

There have been no major reclamation projects in the Netherlands in recent years.
The licence granted for 20 million m? of marine sand extraction for the enlargement
of the Port of Flushing has not yet been used as a result of unresolved issues associ-
ated with the environmental impact assessment (EIA). For the sand extraction of the
enlargement of the Port of Rotterdam, an EIA for 300 million m? sand is in progress.
The enlargement began in 2008.

In Denmark, a major enlargement of the harbour of Arhus required more than 8 mil-
lion m? of sand dredged from two areas in the Arhus Bight between 1998 and 2000. In
2005, an additional 4.8 million m?® was dredged from the same two areas for further
enlargement of the harbour. The construction of an artificial island and beach (the
Amager Beach Resort, near Copenhagen) required more than 1 million m? of sand
dredged from Kriegers Flak and two areas off the east coast of Sjeelland.

In Denmark, small volumes of glacial till arising from capital dredging projects con-
tinue to be used for fill.

In Estonia, 3.5 million m? of sand were dredged for reclamation at the Port of Muuga
(Tallinn), and 500 000 m? was used for the capping of an atomic waste facility.

In the UK, significant volumes of marine sand and gravel have been used to support
various port developments. In 2001, 480 000 m? was used in Belfast harbour, North-
ern Ireland, and between 2003 and 2004, 1.17 million m? was used at the Port of Felix-
stowe, England.

2.2.4 Coastal protection

Soft engineering approaches to prevent coastal erosion and protect coastal communi-
ties from inundation by the sea are now well established. Material for beach recharge
schemes generally has to meet tight specifications in terms of grading, and range
from sand (200-300 pum) up to cobbles many centimetres in diameter, depending on
the nature of the indigenous material forming the beach. However, given the pres-
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sures of exploiting an essentially finite resource, more effort is being made to employ
sand and gravel resources that are readily available rather than being controlled by
the need for a particular specification.

Besides beach replenishment, where sand and gravel is deposited directly on the
beach, a new technique, termed coastal feeding, is being employed. Material is depos-
ited into the sediment transport regime upstream of the natural processes that are
feeding the coastline. The additional sand is incorporated into the overall flux of
available sediment, thereby increasing the amount of sediment that can be trans-
ported into the foreshore and beach systems through natural processes.

In the Netherlands, beach nourishment to protect the national coastline has been used
since 1950. In 1990, the Dutch Parliament adopted a policy to stop further structural
coastal recession, which has meant that the coastline has to be maintained at its 1990
position. Every year, the status of the Dutch coastline is measured and compared
with the 1990 reference standard. An annual sand nourishment programme main-
tains the baseline coastline, and losses of dune and beach sand are compensated with
marine sand. Since 2001, more than 10 million m? of sand annually have been used
for coastal feeding and beach nourishment.

In the UK, coastal frontages along the east coast of England (Lincolnshire, Norfolk,
and Essex), the south coast of England (Kent, East Sussex, West Sussex, and Dorset),
and southwest England (Somerset) have been subject to coastal protection or replen-
ishment works since 1996. The annual volumes supplied have varied considerably —
ranging from 3.58 million m? in 1997 to 147 000 m3 in 2001 - partly as a result of
changes to funding priority. In the US, most beach nourishment works have taken
place on the Inner Shelf (<3 nautical miles/5.6 km) under state jurisdiction, and since
the 1920s, more than 500 million m? have been placed at more than 200 locations. As
sand resources suitable for nourishment become depleted in state waters, Outer Con-
tinental Shelf (>3 nautical miles/5.6 km) resources under federal jurisdiction are in-
creasingly being considered, with more than 18 million m? being dredged since 1995.

Poland, Spain, Germany, and Denmark have also undertaken significant coast protec-
tion works, including one-off projects and ongoing maintenance commitments.

Most ICES Member Countries continue to use marine sediments for beach replen-
ishment. With the predicted alterations in sea level resulting from cimate change,
marine dredged sediments can be expected to play an increasing role in coast protec-
tion across the ICES Area as the 21st century progresses.

2.2.5 Other uses

For many years, calcareous seaweed (maerl) has been used to improve structure and
replenish minerals in soil, as well as for animal feed, additives, and biopharmaceuti-
cal products. In France, the production of maerl and shelly sand has begun to de-
crease slightly, with 358 000 m? dredged in 2004 compared with 470 000 m? in 2002,
and in Ireland, only small quantities of maerl (7000 m?) are extracted each year. In the
UK, dredging of maerl has ceased in recent years.

In the Netherlands, more than 200 000 m? of shell and shell fragments have been ex-
tracted from the Western Scheldt, the North Sea, and the Wadden Sea each year be-
tween 1993 and 2003, although production decreased in 2004.
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Marine aggregate resources

The distribution of marine sand and gravel resources across ICES Member Countries
is uneven, and it is reflected in the extent to which resources are exploited by indi-
vidual states. As on land, the distribution of resources is dictated by the geological
origins of the source material and the physical processes that have eroded, trans-
ported, sorted, and deposited them.

What constitutes a potential resource also varies widely between ICES Member
Countries. Almost all states have significant volumes of sand and/or gravel off their
coastlines, but without a market, they will not be exploited. This is often directly re-
lated to the availability of alternative sources of construction material, normally from
terrestrial sources. However, either the absence of suitable resources or a constraint
on remaining resources (e.g. through prior development or increasing environmental
restrictions) can lead to alternative sources —including marine resources —being ex-
ploited to fulfil the necessary demand.

Over the past 20 years, the social and environmental pressures on historical terrestrial
sources of sand and gravel have been increasing; indeed, this was one of the major
factors leading to the establishment of many national marine aggregate industries.
However, similar pressures (the protection of habitats and species, competition with
other offshore activities, including fisheries and windfarms) are now well established
in the marine environment. This has meant that historical extraction in shallow wa-
ters (<30 m) and relatively close to shore is coming under increased pressure from a
range of interests. Furthermore, the development of new resources, either to replace
exhausted licensed areas or to develop the industry further, has become increasingly
complex.

These pressures on existing nearshore marine resources mean that alternative sources
of sand and gravel are being examined in order to maintain the contribution that ma-
rine aggregates make to the construction industry. In English and French waters, new
large-scale resources have been identified and are being investigated in the Eastern
English Channel. With water depths greater than 50 m, this location raises technical
challenges for the operation of aggregate dredgers. The new location also brings a
number of new environmental issues under consideration, such as the nature of the
impact on a stable gravel seabed removed from the relative dynamism of wave and
storm action, and the associated implications for recoverability. The implications of
farfield impacts arising from the introduction of sands (through overspill, screening,
or release from the dredged seabed) into a sediment transport regime with a rela-
tively limited flux need to be examined. Other deep-water resources are being inves-
tigated in the Outer Bristol Channel off the coast of south Wales.

On the Dutch continental shelf, investigations are continuing into the extraction of
coarser sediments located beneath the finer modern Holocene sediments. Production
would require the removal and disposal of significant volumes of overburden mate-
rial, the implications of which are currently being considered.

On the Atlantic coast of the US, as Inner Shelf (<3 nautical miles/5.6 km) sand re-
sources for beach nourishment become more scarce, increased attention is being paid
to the availability of resources located on the Outer Shelf (>3 nautical miles/5.6 km).

In both Belgium and Denmark, the potential for beneficial use of dredged material
associated with capital and maintenance dredging activity is being investigated for
either fill or beach-feeding/nourishment schemes. Similar approaches are already in
place in the Netherlands and the UK to ensure that best use is made of the material
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available and that high-quality resources are not necessarily employed for low-grade
end uses.

In the current regulatory and policy climate, it is necessary to go significantly beyond
simply assessing the site-specific impacts of marine sand and gravel extraction. The
distribution of commonly targeted marine sand and gravels is such that extraction
activity tends to be focused in discrete geographical locations dictated by the spatial
extent of the resource. Whereas a single dredging operation may result in an accept-
able level of environmental impact, the potential for unacceptable impacts can in-
crease significantly as a result of multiple dredging activities operating near each
other, creating a “cumulative” or “in-combination” effect.

As the coastal zones of Member States become ever more congested, with competi-
tion for space on sea surface and seabed at various temporal and spatial scales, it is
now necessary to consider the additive in-combination effects of other activities that
interact with the seabed and are taking place near the dredging operations, such as
capital dredging, windfarm development and operation, and commercial fishing. By
the same token, these other activities taking place in the marine environment must
now consider aggregate dredging.

For both the cumulative and in-combination effects, the means to assess potential
impacts and establish their significance remains a key requirement that can only be
achieved by assessment at a regional scale. The Regional Environmental Assessment,
prepared by the industry in the English sector of the Eastern English Channel, repre-
sents one example of this approach.

One key to understanding the effects of marine aggregate dredging is increasing our
knowledge of the geological resource being targeted and the sediment processes tak-
ing place in and around the extraction area. Understanding these processes is particu-
larly important, because it is the sediment transport processes that will dictate the
nature and extent of impacts from extraction activities outside the immediate dredg-
ing site, and which will drive the recovery processes once extraction has ceased. The
development of positioning and survey technologies, and the collection of data at
higher resolutions, has afforded industry a better understanding of the scale, extent,
orientation, internal configuration, and composition of marine aggregate resources.
In combination with this, the use of high-resolution sidescan sonar and multibeam
systems has permitted seabed sediment transport processes to be more accurately
defined. This, in turn, has allowed extraction plans to be designed that take account
of both resource management and environmental implications, and allows the estab-
lishment of appropriate mitigation and monitoring measures.

Review of ICES Member Country activity
Tables containing summary statistics for individual ICES Member Countries are pre-
sented in Annex 2.

2.4.1 Belgium

Most of the sand dredged from the Belgian continental shelf is not of very good qual-
ity (100-200 pm), and it is mainly used in the construction industry as fill, or in tar-
mac, cement, or concrete. Better quality sand (250 pym) is dredged from Kwintebank
and the eastern side of Thorntonbank (see Table A2.1).
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2.4.2 Canada

No commercial extraction of marine aggregates has taken place in Canada in recent
years, although industry is pursuing some interests on Canada’s west coast. Research
projects on marine aggregates, including a number of technical and environmental
assessments, have been undertaken since 1998 (e.g. in the Bay of Fundy), but so far,
no permission for the extraction of marine sediments has been granted (see Table
A2.2).

2.4.3 Denmark

The extraction of marine aggregates in Denmark accounts for 10 -20% of the total
production of aggregates. Extraction of aggregates for construction has remained
more or less stable between 1998 and 2004. In contrast, the extraction of sand fill for
land reclamation depends on construction activities and has exhibited large varia-
tions over the years. Major projects requiring fill material have been infrastructural
projects, harbour enlargements, and artificial islands.

The production of sand for beach nourishment on the west coast of Jutland has in-
creased markedly from 40 000 m? in 1980 to about 3 million m? annually. Extraction is
expected to remain at this level in the coming years.

Beneficial use of sand from maintenance and capital dredging represents an impor-
tant contribution to the supply of materials for coastal protection, construction, and
fill. Between 10 and 15% of the total marine extraction of sand comes from these
sources (see Table A2.3).

2.4.4 Estonia

In Estonia, extraction of sand and gravel takes place primarily in the Gulf of Finland.
In 2003 and 2004, 4.3 million m? of sand and gravel were dredged from three differ-
ent areas (see Table A2.4).

2.4.5 Finland

Sand and gravel extraction from Finnish coastal areas was negligible until 2004. The
harbour of Helsinki and the Forest and Park Service have permission to extract 11
million m?® of marine aggregate off Helsinki until 2011. Extraction commenced in
2004, with a total of 1.6 million m? dredged, and continued in 2005 with 2.388 million
m? (see Table A2.5).

2.4.6 France

Extraction of marine aggregates represents only a small part (1%) of the total national
production. The amount of marine aggregates extracted has remained stable in recent
years and is about 3 million m? year-!. Extraction is restricted to a limited number of
dredging areas in Normandy, Brittany, and along the Atlantic coast.

France has a limited extraction of non-aggregates, primarily maerl and shelly sand, of
ca. 300 000—400 000 m3 year-! (see Table A2.6).
2.4.7 Germany

In Germany, extraction of marine aggregates takes place in both the Baltic and the
North seas.

The extraction of aggregates in the Baltic Sea for both beach recharge and construc-
tion has taken place for a number of years in designated dredging areas along the
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coast and on the Adler Ground. In recent years, the exploitation has been stable or
has decreased slightly. Most of the aggregates are used for beach recharge. No new
licences have been granted recently.

A limited number of licences for extraction are granted in the North Sea, mainly for
reclamation projects, and more recently for the extraction of coarse construction ag-
gregates for the local and international market (see Table A2.7).

2.4.8 lIreland

No commercial extraction of marine aggregates has taken place in Ireland for a num-
ber of years. Continuing extraction of maerl takes place, with a licence permitting
6000 m? year~' to be extracted from Bantry Bay (see Table A2.8).

2.4.9 The Netherlands

The annual average extraction of marine aggregates since 1996 is ca. 23.5 million m?3.
As a result of major land-based infrastructure projects during 2001 and 2002, produc-
tion increased to about 35 million m?® year-'. Approximately 50% of the average
amount of commercially extracted aggregates is used for construction fill purposes
on land. A small proportion of this is used for construction aggregate. The remaining
50% is used for beach nourishment. Since 1990, the Ministry of Transport, Public
Works and Water Management introduced a regular coastal defence policy, which
provides a national beach nourishment programme. As a result, the annual quantities
dredged have increased. Annual production has also increased as a result of under-
taking sand nourishment works on the foreshore instead of on the beach itself. Small
volumes of marine aggregates continue to be supplied from the extraction areas in
the southern part of the Dutch sector of the North Sea to Belgium for use as construc-
tion fill and in the construction industry (see Table A2.9).

2.4.10 Norway

Only very small quantities of marine aggregates for fill and construction have been
extracted in Norway over the years as a consequence of the availability of and access
to land-based resources. The amount of marine aggregates extracted annually is less
than 1% of the national production (see Table A2.10).

2.4.11 Poland

Marine aggregates, primarily for beach recharge, have been extracted in Poland for
many years, but minor quantities of sand and gravel for construction have also been
produced from a few areas (see Table A2.11).

2.4.12 Spain

Beach nourishment is the only end use for which extraction of marine sand from the
Spanish continental shelf is permitted.

Between 1990 and 2005, more than 15 million m?® of marine sediment was dredged for
this purpose along the North Atlantic Spanish coast, including the Canary Islands
(see Table A2.12).

2.4.13 Sweden
No marine aggregates have been dredged in Sweden since 1993 (see Table A2.13).
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2.4.14 United Kingdom

Marine sand and gravel production continues to make an important regional contri-
bution to the construction aggregate requirements of the UK, particularly in England
and Wales, where approximately 20% of the sand and gravel supply comes from ma-
rine sources.

Annual marine production off the coast of England and Wales amounts to approxi-
mately 13.25 million m® year-!, with London and the south coast of England receiving
6 million m3, equivalent to one third of the region’s overall construction aggregate
requirement. Although the aggregate is used in general construction, specific projects
have included the high-speed Channel Tunnel Rail Link between London and Folke-
stone and the new Terminal 5 at Heathrow Airport. Smaller volumes of sand and
gravel are landed in the northeast of England (the rivers Humber, Tyne, and Tees),
whereas marine sand remains a regionally important source of fine construction ag-
gregate (sand) supply in the Bristol Channel and the Irish Sea.

A significant proportion of the UK production (3.6—4.2 million m? year-!) continues
to be exported to northern France, Belgium, and the Netherlands for use as coarse
construction aggregate. This is in the absence of any significant volumes of coarse
aggregate being present on the eastern shelf of the southern North Sea.

Beach replenishment and construction fill remain important end uses of UK produc-
tion, with annual volumes ranging from 3.58 million m? in 1997 to 147 000 m? in 2001.
Coastal frontages along the east coast of England (Lincolnshire, Norfolk, and Essex),
the south coast of England (Kent, East Sussex, West Sussex, and Dorset), and south-
west England (Somerset) have been subject to coastal protection or replenishment
works since 1996. The annual volumes supplied have varied considerably, partly as a
result of changes to funding priority, with investment being diverted to inland flood
protection projects.

In future, the construction and infrastructure development requirements for the 2012
Olympic Games to be hosted in London are likely to generate additional demand for
construction aggregates, some of which will be met by marine supplies.

Original production figures for the UK were originally provided in tonnes. These
have been converted to cubic metres (m?) for ease of comparison with other national
reports. Conversions are based on 1.66 t m -2 (see Table A2.14).

2.4.15 United States

Commercial marine aggregate operations

The US currently has two commercial marine aggregate dredging operations, al-
though neither is actually offshore. Since 1985, Amboy Aggregates of South Amboy,
New Jersey, has held a licence to dredge aggregates from the Ambrose Channel, the
entrance to New York Harbour. Amboy produced an average of 1.225 million m?
year! of sand and gravel until 2003, when production increased to 1.59 million m?,
and then to 1.89 million m? in 2004. The company uses the MV “Sandy Hook”, a 4500
million m? capacity hopper dredge, and is the largest supplier of aggregates to the
New York City area. Amboy made a request several years ago to obtain the commer-
cial rights to a large sand and gravel deposit located in federal waters offshore of
northern New Jersey. However, public opposition to the project precluded the US
Minerals Management Service from pursuing a competitive lease sale for access to
the deposits.
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The other operation is on Lake Erie and has processing facilities in Erie, Pennsyl-
vania. It is owned by the Oglebay Norton Company and produces about 306 000 m3
of concrete and mortar aggregates annually, using a trailing suction hopper dredger.
The predecessor of this company, Erie Sand and Gravel Company, began dredging in
Lake Erie in the early 1900s.

Marine sand for beach nourishment

Inner Sheff (stafe jurisdiction)

Most beach dredging operations have taken place in state waters within the 3 nautical
mile/5.6 km territorial jurisdiction. Beach nourishment is the preferred method of
coastal protection in the US, mainly because it preserves the aesthetic and recrea-
tional values of protected beaches by replicating the protective characteristics of
natural beach and dune systems. The US has more than 200 nourished areas and,
since the 1920s, has placed ca. 500 million m? of sediments on its beaches. Most of the
nourishments on the US Pacific coast consisted of the use of beneficial sediments
(opportunity nourishments), whereas on the east coast, nourishments were triggered
by the need for shore protection from storms and hurricanes.

Ouvter Confinental Shelf (federal jurisdiction)

As sand resources available in state waters for coastal and beach restoration and re-
plenishment become scarce, the federal Outer Continental Shelf (OCS) increasingly
represents a viable source of material for beach restoration purposes. These resources
are under the jurisdiction of the Minerals Management Service (MMS), a bureau
within the US Department of the Interior. To facilitate the leasing of these resources,
Congress enacted Public Law 103-426 in October 1994, which amended the Outer
Continental Shelf Land Act to provide the Secretary of the Interior with new author-
ity to negotiate agreements and issue leases for the use of federal sand, gravel, or
shell resources for public-works-related projects.

Sand has been dredged from the OCS (3 nautical miles/5.6 km and beyond) since
1995, when 917 520 m® were placed on a beach in Jacksonville, Florida. Since then,
approximately 18.3 million m? have been dredged from the OCS for beach nourish-
ment. This material has been used to nourish beaches on the coasts of the following
states:

¢ Maryland (Assateague Island)

e Virginia (Sandbridge Beach)

e Virginia (Dam Neck Naval Facility)

¢ Florida (Brevard County beaches)

¢ Florida (Patrick Air Force Base)

¢ Florida (Duval County/Jacksonville Beach)

¢ Louisiana (Holly Beach)

¢ South Carolina (Surfside Beach).
The original US production figures were provided in tons and cubic yards. These
have been converted to cubic metres (m?) for ease of comparison with other national

reports. Tons were initially converted to metric tonnes, and thence to cubic metres,
based on 1.66 t m- (see Table A2.15).
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2.4.16 Other ICES Member Countries

No national reports were received from Iceland, Latvia, Lithuania, Portugal, and
Russia.

Operational management of aggregate dredging activities

The management and control of aggregate dredging activities has continued to
evolve in the ICES Area. This can be partly linked to the continuing development of
environmental policy and regulation at both regional and national scales. At the same
time, the marine aggregate industry, on its own initiative, has been introducing re-
sponsible management practices on a voluntary basis.

The regulatory imperative has been to ensure the effective management of marine
aggregate operations, both planned and ongoing, in order to minimize the impact to
the environment (benthos, fisheries, and habitats) and to other marine stakeholders
(commercial fishing, navigation, and the renewable energy industry). The ICES guid-
ance on environmental impacts reflects the range of issues that now must be taken
into account, together with potential key sensitivities, (see Annex 3). The current con-
senting systems within ICES Member Countries largely reflect these common themes.

The requirement for site-specific mitigation and monitoring associated with modern
dredging consents has also evolved significantly (see Section 5). This ensures that the
potential for impacts is reduced as far as possible and that the predicted impacts are
monitored comprehensively to ensure that they fall within predicted values. If not,
consents can be modified or even withdrawn. Many aggregate dredging operations
are now subject to continual review throughout their predicted lifetimes. Addition-
ally, new areas of potential impact have had to be considered over and above site-
specific effects. These include the potential for in-combination effects from multiple
dredging activities that are near each other and the effects of aggregate dredging in
conjunction with other activities, such as commercial fishing, capital dredging activi-
ties, and offshore renewable energy. Given the level of understanding available, the
assessment of both cumulative (temporal) and in-combination effects will continue to
evolve.

From a production perspective, companies need to ensure that they maximize the
aggregate resources to which they have access. To achieve this, there has been a con-
siderable increase in the understanding of site-specific resources (in terms of the qual-
ity of equipment, positioning, and data) and how they can be used to help mitigate
potential impacts and manage production operations. This, in turn, has allowed op-
erators to delineate the commercially viable resources and to identify production
zones over time in order to work resources more effectively. With regulatory re-
quirements to minimize the extent of area dredged and to work areas to economic
exhaustion before moving to a new area, the ability to manage activity at this scale is
crucial. The use of computer-based plotting systems on board dredgers, interfaced
with reliable and accurate GPS positioning, means that dredging operations can be
focused into defined lanes, often 50—-100 m wide.

A significant influence has been the interaction of the marine aggregate industry with
other marine users and particularly the developing interest in marine spatial plan-
ning. Although the total area of seabed licensed for marine aggregate extraction can
be quite large (e.g. 1257 km? in the UK in 2004), the area of seabed actually dredged
in any one year will be significantly smaller (135 km?). By being able to demonstrate
this, and by disseminating information on both the licensed area and the total extent
of the area being dredged, the potential for adverse interaction with other sectors can
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be significantly reduced. In the UK, a voluntary initiative has been established by the
industry and The Crown Estate to provide updated regional information on dredging
activities every six months. This information is made available directly to the fishing
industry and more widely on the Internet.

2.5.1 Electronic monitoring systems (EMS)

The use of black-box monitoring systems on board aggregate dredging vessels is now
common practice among those ICES Member Countries who are the principal pro-
ducers of marine aggregate, including Belgium (Figure 2.5.1), the Netherlands (Figure
2.5.3), Spain, Germany, and the UK. For example, in the UK, there are more than ten
years of detailed records of dredging activity, covering more than 300 000 ha and
30 million individual dredging records. In Denmark, dredging activities have been
reported in detail since 1990. This information, in turn, has provided unparalleled
levels of information on the scale, extent, and intensity of dredging operations, pro-

viding benefits to both regulators and operators.
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Figure 2.5.1. An example of a Belgian black-box monitoring trackplot.

In the UK, the advent of EMS data (Figure 2.5.2), and in particular the annual sum-
maries of activity, has allowed the industry and landlord (The Crown Estate) to pro-
duce annual reports detailing the area of seabed licensed and dredged. Analysis of
EMS data allows the annual extent and intensity of dredging activity based on dredg-
ing hours to be recorded in individual 50 *50 m grid cells (Figure 2.5.4).



Effects of Extraction of Marine Sediments on the Marine Environment

Legend
EMS Status
+ Pumps Running Only
Dredging
(o] Aiiivi Oredpe Zone

ILicensed Dftdgmg ; its

Figure 2.5.2. An example of a UK EMS trackplot.

This information, in turn, has become a guide to the industry's overall environmental
performance. In particular, the annual reviews highlight the significant regional dif-
ferences in dredging patterns, reflecting the geological setting of the resources being
targeted. Sheet deposits of sand and gravel off the east coast of England reveal exten-
sive dredging activity over a wide area, whereas the discrete palaeo-valley infills and
terrace deposits off the south coast require a more focused approach to operations,
with intensive activity over a restricted area. This is a practical demonstration of how
the industry is using geological understanding of the resources being dredged in or-
der to control and manage extraction operations.
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Figure 2.5.3. An example of a Dutch black-box monitoring trackplot.

Figure 2.5.4. An example of a UK analysis of dredging activity from EMS data.
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The availability of accurate, detailed EMS data over a number of years has allowed
further analysis to be undertaken that has relevance to both regulators and industry.
Although information on the extent of dredging activities is reported annually, it is
possible, by combining this information, to consider the cumulative footprint (the
total extent of dredging activity) over a period of time. The UK has begun this exer-
cise (Figure 2.5.5) and has found that, over a five-year period, the total area dredged
by the marine aggregate industry totalled 380 km2 compared with annual totals
ranging from 220 km2to 149 km 2 This information is particularly relevant to research
and monitoring when attempting to relate observed environmental impact or recov-

ery to the timing and intensity of actual dredging operations (see Section 5).

Legend : Cumulative Dredge Footprint 1998 to 2002

Totla Dredged Area =63.73 sq km o Any 2 Years = 13.1975 sq km o Any 1998 Licence Boundaries

Any 1 Year=19.5975 sq km
o Any 3 Years = 10.6875 sq km All 5 Years = 11.2575 sq km 2002 Licence Boundaries

Figure 2.5.5. An example of a UK cumulative analysis of dredging activity from EMS data, 1998-
2002. This demonstrates the extent and intensity of activity, based on dredging hours recorded in
individual 50 m x 50 m grid cells. Over the period of the review, 47km2of new licence area was
permitted and 180 km2was relinquished, resulting in the total area licensed for marine aggregate
extraction to fall from 332 km2in 1998 to 198 km2in 2002. Over the same period, the total area of
seabed dredged in the region was 63.7 km2

Analyses of the dredging activities in Denmark, which has a larger proportion of sta-
tionary dredging (see Section 2.6 for further explanation) than the UK, have demon-
strated that, over a five-year period, only 3-5% of the total dredging area of 900 km 2
has actually been dredged (Figure 2.5.6).
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Figure 2.5.6. An example of a Danish regional analysis of dredging intensity in Koge Bugt. The
size of the permitted area is 13 km2 The figure shows how much has been removed in the period
1997-2001. The active dredge area is 0.8 km2. On average, the area was dredged five times a week
during 2001, and the active dredge area was less than 0.5km2 The area has been one of the most
intensely dredged areas in Denmark. The active dredge area in 2004 was 0.05km 2

The evolution of the management of marine aggregate dredging activities has seen
some significant advances over the past ten years. Although the pressures of envi-
ronmental regulation and control have continued to increase, particularly as a result
of the EU Environmental Impact Assessment and Habitats Directives, some of the
greatest changes in management and control of dredging operations have come from
the industry. These are linked not only to improving resource management but also
to reducing spatial conflicts with other marine users. This has obvious links to the
development of wider marine spatial planning initiatives.

However, the move towards more spatially restricted and, therefore, more intensive
levels of dredging activity raises an additional issue requiring investigation. Al-
though the total spatial footprint of the impact is reduced, the increased levels of in-
tensity can affect the time-scale for the recovery of the environment. The availability
of detailed black-box data to assess historical dredging activity will allow this issue to
be examined in more detail.

Dredging technology

The trailer suction hopper dredger remains the principle method of extracting marine
aggregates within the ICES Area, although static suction hopper dredgers are also
employed (Figure 2.6.1). This is a proven technology, routinely employed in both
maintenance and capital dredging operations. Although the general principles are
similar (a centrifugal pump lifting a mixture of sediment and water from the seabed
via a dredge pipe into a storage hopper) however, there are two major factors unique

to dredgers that only extract aggregate for construction purposes.
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Figure 2.6.1. A typical construction-aggregate trailer suction hopper dredger, the MV "Sand Fal-
con". The vessel has a cargo capacity of 5000 m3 and has both screening towers and a bucket
wheel self-discharge system.

First, besides loading "as-dredged" or "all-in", many aggregate dredging vessels can
process the dredged sediment during loading operations through a process termed
screening. This is particularly useful where the in situ composition of the seabed sedi-
ments falls outside that required for construction or beach replenishment. During the
screening process, the sediment-water mix is passed over a mesh screen before it
enters the cargo hopper. A proportion of the water and finer sediment falls through
the screens and is returned to the sea, while the coarser sediment is retained in the
hopper. This process can also be reversed to allow only sand to be loaded. Two main
techniques are generally employed: either (i) a centrally located box screen system, or
(i) a more complex and efficient series of screening towers. The screening process
returns a significantly greater volume of sediment to the water column during load-
ing operations, increasing the potential for "farfield" impacts resulting from the set-
tlement of the sediment plume. As such, the environmental implications of this
activity need to be veiy carefully considered during the consenting process. How-
ever, screening does allow the more marginal resources to be worked efficiently,
thereby reducing the need for new dredging sites, and allows the industry to deliver
cargoes to specification.

The second factor concerns the manner of unloading (Figure 2.6.2). Most capital and
maintenance dredgers are able to discharge material either through doors in the bot-
tom of the hopper or by pumping out the material (wet discharge). This is particu-
larly important for beach-nourishment projects (Figure 2.6.3). However, most
purpose-built construction-aggregate dredgers are designed to self-discharge a dry
cargo. This requires the dredged material retained in the hopper to be dewatered be-
fore unloading. There are a number of discharge techniques, including grab cranes,
scraper buckets, and bucket wheels, for unloading the cargo directly onto the wharf
for immediate use.
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Figure 2.6.2. A typical construction-aggregate trailer suction hopper dredger, the MV "Orisant",
discharging at the quay in the harbour of Bruges, Belgium.

Figure 2.6.3. A typical construction-aggregate trailer suction hopper dredger, the MV "Mellina",
supplying sand for beach nourishment at the coast of Ameland, the Netherlands.
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To increase dredging flexibility, some modern trailer suction hopper dredgers are
being designed to carry out static dredging operations. This is particularly useful
where more localized, thicker sand and gravel deposits are being targeted. Vessels
are also being designed with pump-ashore facilities to perform beach-replenishment
operations and, in certain cases, limited capital or maintenance dredging work. The
identification and development of new resources located in deeper water (e.g. in the
Eastern English Channel and the Outer Bristol Channel) are driving the development
of marine aggregate technology. Whereas sand and gravel resources were previously
dredged in maximum water depths of 35—40 m, the new resource areas have water
depths of 50-60 m. A few aggregate dredgers can work at these depths; the others
will have to be modified, with longer dredge pipes and the addition of pipe-mounted
dredge pumps.

There is an increasing requirement to ensure that resources of marine sand and
gravel are managed and exploited in an effective and sustainable manner. The cross-
over between high-tech capital and maintenance operations and the aggregate sector
is a natural development as the industry seeks to improve operational efficiency and
minimize environmental impact, and these developments can be expected to con-
tinue in future. Two areas in particular are evolving. The first concerns the ability of
aggregate dredgers to operate effectively within tightly controlled lanes, defined ei-
ther for resource management or as environmental mitigation. To do this effectively,
vessels must have the navigational capability and the necessary power and manoeu-
vrability. The second concerns the dredging process itself. Increasingly, it is a re-
quirement to work licensed reserves to economic exhaustion before moving to new
areas. Operators, therefore, need to maximize their ability to extract sand and gravel
reserves within defined areas through carefully controlled dredge-management
plans, while at the same time minimizing environmental impacts. This requires
knowledge and understanding of the geological context of the aggregate resource
being targeted. However, the control and management of the dredging process itself
is equally important if licensed resources are to be maximized.

Summary

1. The number of ICES Member Countries reporting on the use of marine
sediments (noted in ICES Cooperative Research Report No. 247; ICES, 2001) has
continued to expand, with sand and gravel dominating production. The UK
remains the main producer of sand and gravel for the manufacture of concrete,
whereas the Netherlands produces and uses the largest quantity of sand.

2. The construction industry’s demand for marine sand and gravel has remained
fairly stable. Beach nourishment and fill for construction purposes and land
reclamation remain important, arising particularly from the beneficial use of
maintenance and capital dredging. The extent to which sediment produced by
maintenance and capital dredging is reused varies widely between countries,
depending on the quality of sediment and the potential existing end-use
opportunities.

3. Commercially viable sand and gravel reserves are unevenly distributed among
ICES Member Countries. Although most states have significant volumes of sand
and/or gravel off their coastlines, they are unlikely to be exploited without a
market. This is often directly related to the availability of alternative sources of
construction material.
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4. The requirement for sustainable use of marine sand and gravel reserves is now a
well-established principle at both national and international scales, and it is
reflected in national policies and regulations.

5. A number of the new resources of sand and gravel have been identified in
deeper water (40-60 m), for example, in the Eastern English Channel and the
Outer Bristol Channel (Wales). In order to exploit these new resources, many
existing dredging vessels will need to be modified in order to operate effectively.
Further resource mapping is expected to lead to the identification of substantial
new resources.

6. There remains no realistic alternative to the use of marine aggregate material for
most beach recharge and major coastal reclamation schemes. The beneficial use
of navigational dredging continues to be used for these purposes and
significantly reduces the need to work licensed resources.

7. There have been continual improvements in the provision and analysis of
detailed dredging monitoring data alongside improvements in the accuracy and
resolution of resource information. This has allowed dredging activity to be more
tightly controlled, with resulting benefits through minimized environmental
impact and interference with other marine activities.

8. Communication and awareness of detailed dredging activity has increased,
which is particularly useful for regulatory authorities, as well as other marine
users. This data also has significant value in supporting and informing research
on the extent and effects of dredging.

9. The move towards more spatially restricted, and therefore more intensive, levels
of dredging activity raises unresolved issues. Although the total spatial footprint
of the impact is reduced, the increased levels of intensity affect the time-scale for
the recovery of the environment. The availability of black-box data to assess
historical dredging activity will assist in examining this issue.
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Seabed sediment (resource) mapping programmes of ICES Member

Countries

Introduction

This section presents an outline of the philosophy, schemes, methods, and results of
various geological (sub)seabed mapping programmes that may provide insight into
the occurrence of aggregate resources or, more commonly, indications suggesting the
possible presence of those resources.

A reliable picture of aggregate resources requires very detailed surveying and sam-
pling, which are usually done only when aggregate extraction schemes are being con-
sidered. However, indications of the presence of such aggregate resources may be
obtained by other simpler and cheaper means, of which the most widely used are
offshore geological reconnaissance mapping and more detailed seabed sediment

mapping.

The various mapping programmes and mapping results for ICES Member Countries
have been summarized and are presented in this section in alphabetical order. The
level of detail available for each country varies because aggregate resource mapping,
seabed sediment mapping, and geological reconnaissance mapping are accorded dif-
ferent priorities in each member country. Factors that influence this include popula-
tion density, intensity of industrial activities, presence of coastal defence schemes and
land reclamation projects, public awareness of the environmental effects of aggregate
extraction onshore, and, not unimportantly, the level of budget that states, govern-
mental organizations, and industry are willing or able to invest in these mapping
programmes. Also, the roles and responsibilities of government and industry may
vaiy in ICES Member Countries; for example, in several countries, aggregate resource
mapping and assessment is done by industry, whereas in many others, it is a gov-

ernmental matter.

The present state of seabed mapping in ICES Member Countries indicates that some
countries have a fairly detailed overview of what is available in their part of the con-
tinental shelf and for what purpose surficial materials may be used. This means that
these countries can start to formulate aggregate and environmental policies that have
some basis in reality. Most countries have not yet reached this situation, and so, in
this sense, their policies are based more on assumption than fact.

Reconnaissance mapping of the seabed sediments forms the framework in which to
delineate marine sand and gravel resources, and provides strategic information for
short- and long-term planning and best-practice use of these resources in the marine
environment. Detailed resource mapping is required to obtain reliable information
about the volume, quality, and composition of the seabed resources, and thereby to
establish their economic viability.

Detailed surface sediment maps and habitat maps, including information on seabed
sedimentary dynamic processes and morphology, form the basis for the assessment
of the physical and biological impact of marine construction projects and aggregate
extraction, and for its subsequent monitoring during and after the activity in ques-

tion.

The summary descr iptions of activities in each country also include a list of organiza-
tions from which data and information relevant to aggregate resource mapping may
be obtained. Additional information may be found through EU-Seased, a recently
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(1998-2004) established searchable Internet meta-database of seabed samples and
hydroacoustic measurements (seismics, sidescan sonar, multibeam, etc.) held at Euro-
pean geological surveys and other European institutions (available online at
http://www.eu-seased.net/welcome_flash.html).

This database provides a means by which civil servants, scientists, engineers, and
other parties interested in the seabed can quickly find out what seabed samples and
hydroacoustic measurements have been recovered and where they are stored,
thereby promoting secondary usage of this important raw data resource. The data-
base only lists metadata; access to the samples, the hydroacoustic raw data, and any
related accessory datasets must be negotiated by the requester with the repository
where the information is stored. It is an important source of information about poten-
tial aggregate resources, as well as for scientific research, decision-making in gov-
ernment, and management in the commercial sector. Information not provided in the
Annex may be found via the EU-Seased meta-database and its links.

Belgium

National organizations responsible for seabed mapping

Geological Survey of Belgium (GSB), Jennerstraat 13, 1000 Brussels, Belgium. Contact: C.
Baeteman: tel: +32 2 788 76 26, fax: +32 2 647 73 59, e-mail: cecile.bacteman
@naturalsciences.be.

FPS Economy, Fund for Sand Extraction, Koning Albert-II laan, 1000 Brussels, Belgium. Con-
tact: M. Roche: tel: +32 2 206 40 31; fax: +32 2 206 57 52, e-mail: Marc.Roche
@mineco.fgov.be.

Management Unit of the North Sea Mathematical Models (MUMM), Gulledelle 100, 1200 Brus-
sels, Belgium. Contact: B. Lauwaert: tel: +32 2 773 21 20; fax: +32 2 770 69 72; e-mail:
B.Lauwaert@mum.ac.be.

Ministry of the Flemish Community, Administratie Waterwegen en Zeewezen (AWZ), Vri-
jhavenstraat 3, 8400 Qostende, Belgium. Contact: G. Dumon: tel: +32 59 55 42 11; e-mail:
guido.dumon@lin.vlaanderen.be.

Renard Centre for Marine Geology (RCMG), Ghent University, Krijgslaan S8, 9000 Ghent, Bel-
gium. Contact: J-P. Henriet: tel: +32 9 264 45 85; fax: +32 2 264 49 67; e-mail:
JeanPierre.Henriet@Ugent.be.

Types of seabed maps

The GSB no longer has any proper mapping programmes. In the past, a dense boring
grid with vibrocores was sampled in a zone about 10 km off the coast. Very few data
are available farther offshore. Eleven deep, mechanically cored borings have been
carried out at depths of 25-80 m, covering the entire Quaternary sequence into the
Tertiary deposits.

Several geological maps and primary datasets are available from the GSB
(www.naturalsciences.br/geology/). Printed maps, with descriptions in Dutch and
English, can be ordered from the GSB (bgd@natuurwetenschappen.be), the Geologi-
cal Society of the Netherlands, and the British Geological Survey.

1:250 000 maps

Balson, P. S, Laban, C., Schiittenhelm, R., Paepe, R., and Baeteman, C. 1991. Ostend: sheet 51°N
02°E. Seabed sediments and Holocene geology. 1:250 000 series. British Geological Survey,
Geological Society of the Netherlands, and Belgian Geologjical Survey.
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Balson, P. S., Laban, C., Schiitenhelm, R., Paepe, R., and Baeteman, C. 1992. Ostend: sheet 51°N
02°E. Quaternary geology. 1:250 000 series. British Geological Survey, Geological Society
of the Netherlands, and Belgian Geological Survey.

For pre-Quaternary geology, see the Netherlands (Section 3.11) or the UK (Section
3.17).

Othermaps

The Fund for Sand Extraction conducts regular multibeam surveys to study the im-
pact of sand (and gravel) exploitation. Resource maps and databases on multibeam
data and dredging activities are available online at http://www.mineco.fgov.be). An
example is shown in Figure 3.2.1.

Figure 3.2.1. Map of Kwintebank, based on multibeam data Source: Fund for Sand Extraction.

The Management Unit of the North Sea Mathematical Models (MUMM) regularly
produces resource maps, maps on licensed areas, and data on dredging activities,
including EMS black-box data and hydrodynamic data (Wwww.mumm.ac.be).
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The Ministry of the Flemish Community regularly updates bathymetric datasets cov-
ering the entire Belgian continental shelf. The verified data serve as input to marine
landscape work. An example is given in Figure 3.2.2. Multibeam data on the dredge
dumping sites off the Belgian coast are also available online at http://www.awz.be.
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Figure 3.2.2. A new holistic bathymetry digital terrain model covering the Belgian continental
shelf, based on a statistical analysis of bathymetrical datasets from the Belgian, Dutch, and Eng-
lish hydrographic offices. Taken from the Marebasse project (van Lancker et ah, 2005).

In recent years, a variety of projects have been carried out by the RCMG (University
of Ghent) to map the seabed of the Belgian continental shelf. Primary datasets, as well
as geological, sedimentological, morphological, and resource maps, are available
online at http://www.rang.ugent.be. This work was primarily founded and led by
the Marebasse project (van Lancker er al, 2005; available online at
http://users.ugent.be/~vvlancke/M arebasse/).

Bedform, surficial sediments, and habitat maps were acated by this project. An ex-
ample is shown in Figure 3.2.3.
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Figure 3.2.3. A spatial distribution map of the median grain size, based on the sedisurf(®database
(hosted by Ghent University, RCMG) and interpolated using the geostatistical method Kriging
with external drift (KED). Caution is needed for the sediment distribution at the northern extrem-
ity of the Bligh Bank and the Fairy Bank, owing to a lack of samples (circles). Taken from the
Marebasse project (van Lancker et al., 2005).

Data on Tertiary geology can be found in de Batist and Henriet (1995).

MESH, a three-year, international marine habitat mapping programme, began in
spring 2004. A consortium of 12 partners across Belgium, the UK, Ireland, the Nether-
lands, and France was funded by the EU Interreg IIIB. The MESH partnership covers
all five countries in the Interreg (IIIB) northwestern European area, drawing together
scientific and technical habitat-mapping skills, expertise in data collation and its
management, and proven practical experience in the use of seabed habitat maps for
environmental management within national regulatory frameworks. MESH aims to
produce seabed habitat maps for northwest Europe (see MESH study area) and to
develop international standards and protocols for seabed mapping studies.

The end products of the MESH programme will be a meta-database of mapping stud-
ies, a web-delivered geographic information system (GIS) demonstrating the habitat
maps, guidance for marine habitat mapping, including protocols and standards, a
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report describing case histories of habitat mapping, a stakeholder database, and an
international conference with published proceedings.

The MESH project website (http://www.searchmesh.net) presents an excellent over-
view.

Survey equipment

Several multipurpose vessels are used for seabed mapping. Bathymetrical, geological,
hydrological, and resource information is collected with equipment held by the insti-
tutes mentioned above.

Vibrocores, van Veen, and Hamon grabs, mechanically cored borings, sidescan sonar,
sparker (150 Hz-1 kHz), singlebeam, multibeam, and video equipment are used. The
Simrad 10025 multibeam echosounder is mounted on the RV “Belgica”. ArcView,
Mapinfo, and ArcGIS are used to visualize the data. For details, see the websites and
papers and reports mentioned above.

Data holders

Data are held by the GSB; Fund for Sand Extraction; MUMM: Ministry of the Flemish
Community; and RCMG. For contact information, see the section National organiza-
tion responsible for seabed mapping, above.

National standards

FPS Economy, Fund for Sand Extraction. For contact information, see the section Na-
tional organizations responsible for seabed mapping, above.

Canada

National organization responsible for seabed mapping

Geological Survey of Canada (GSC), Geoscience for Oceans Management Programme, Bedford
Institute of Oceanography, PO Box 1006, Dartmouth, Nova Scotia B2Y 4A2, Canada. Con-
tact: Dick Pickrill, Programme Manager: tel: +1 902 426 5387; fax: +1 902 426 6186; e-mail:
dpickril@nrcan.ge.ca.

Mapping programme

In 2002, Natural Resources Canada (NRCan) initiated the Geoscience for Ocean Man-
agement programme (GOM) to deliver the geoscience knowledge to support ocean
management in Canada (https://gom.nrcan.gc.ca). Underpinning the GOM pro-
gramme is a systematic approach to seabed mapping. One of the first objectives of the
programme was to develop a seabed mapping strategy. After two years of stake-
holder and in-house discussion, the map standards and scales were established, cul-
minating in the approval of a new marine map series within the G5C. The map series
provides a conduit to publish the new multibeam-based bathymetric data and sets
the framework for seamless mapping of Canada’s onshore and offshore lands. GOM
products will be the first new A-Series marine maps to be delivered from NRCan for
more than 25 years.

Maps are being produced at scales of 1:50 000 and 1:100 000, plus larger scale maps
(e.g. 1:5000) for specific local studies. Within the map series, there are four standard
sheets: multibeam bathymetry, backscatter, interpreted geology, and benthic habitat.
Where appropriate, special maps, such as geohazards, will also be produced. Maps
will be available digitally and in hard copy. Mapping has been an integral component
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of geosdence research projects, and all projects have incorporated mined legacy data
into new map produds and companion reports. Maps are supported by digital, reli-
able, quality-controlled datasets that include bathymetry, seismics, seabed samples,
cores, and seabed photographs.

The first phase of the programme was completed in March 2006 and focused on pri-
ority areas that have multiple land-use issues or where large-scale projeds require
extensive multidisciplinary knowledge. A geographical balance was reached, with
projeds in Canada's three oceans. More than 100 map sheets are planned from this
phase. The second three years of the GOM programme was approved in March 2006.
The federal budget of 2005 provided additional funding through Canada's Ocean
Action Plan to accelerate the mapping activities.

Areas surveyed and scheduled for map produdion indude:

* Straits of Georgia and Juan de Fuca, British Columbia

+ Coastal Queen Charlotte Island and sponge reef complexes in the Queen
Charlotte Basin

* Estuaiy of the Gulf of St Lawrence
* Placentia Bay, Newfoundland
* Outer shelf and continental slope, Nova Scotia

e Bras d'Or lakes, Nova Scotia

During the second phase of the GOM programme, surveys were extended to the Bay
of Fundy.

Survey equipment

A full suite of hydrographic and geological/geophysical survey equipment is oper-
ated from the Bedford Institute of Oceanography (BIO) in Dartmouth, Nova Scotia,
and the Institute of Ocean Sdences (IOS) in Sydney, British Columbia. Three regional
Canadian Hydrographic Service offices provide additional survey capadty. Sirnrad
multibeam systems are the prindpal hydrographic tool, with five launch-based sys-
tems and three ship-based systems being operated across the country. Interferometrie
sidecar sonar is used in shallow water. Seismic equipment ranges from high-
frequency piezo-electric sources to airguns. All ship-based hydrographic surveys rou-
tinely colled 3.5 kHz seismic reflection data. Towed video, high-resolution photogra-
phy, along with bottom sampling, are used to ground-truth the acoustic data.

Data holders

Data are held by the GSC at BIO and IOS. For contact information, see the section
National organization responsible for seabed mapping, above. Aggregate resource
data are not archived separately.

Denmark

National organizations responsible for seabed mapping

Geological Survey of Denmark and Greenland (GEUS), Oster Voldgade 10, DK-1350 Copenha-
gen K, Denmark. Contacts: Jorgen O. Leth and Jorn Bo Jensen: tel: +45 38 14 29 05; fax: +45
38 14 20 50; e-mail: jol@geus.dk.

Danish National Forest and Nature Agency (NFNA), Haraldsgade 53, DK-2100 Copenhagen 0,
Denmark. Contact: Poul Erik Nielsen: tel: +45 39 47 20 00; fax: +45 39 27 98 99; e-mail:
PEN@sns.dk.
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Mapping programme

There have been no proper mapping programmes since 1990. However, several indi-
vidual mapping projects have been carried out in cooperation with other government
institutions and private enterprises. Recently, the focus has been on habitat mapping
and the mapping of marine aggregates suitable for sustainable use.

Past mapping programmes

The results of the previous mapping programme for raw materials were published in
a series of reports from the NFNA between 1979 and 1990. The reports include sedi-
ment maps and distribution maps of raw materials, generally using a scale of
1:100 000. During 1990-2000, GEUS published a series of geological maps used partly
for the evaluation of raw materials in specific areas. Maps can be ordered from GEUS.
A national specification of the available mapped resources has been reported to the
NFNA by GEUS (1997).

Survey equipment

Equipment used for seismic/acoustic mapping includes single-channel sparker and
boomer, Chirp, and X-Star systems with a vertical resolution of 0.1 -1 m. In addition,
sidescan sonar and multibeam sonar have been used since 2005.

Equipment used for sampling includes vibrocore (6 m), grab samples.

Data holders

GEUS is the main data holder of aggregate resource survey data. The availability of
some data is limited, because of confidentiality. For contact information, see the sec-
tion National organizations responsible for seabed mapping, above.

National standards

National standards for Denmark can be found in Larsen et al. (1995).
Estonia

National organization responsible for seabed mapping

Geological Survey of Estonia (EGK), Tallinn, Estonia. Contact: S. Suuroja: tel: +372 67 20090;
fax: +372 67 20091; e-mail: s.suuroja@egk.ee.

Types of seabed maps

Approximately 6% (ca. 2000 km?) of all Estonian territorial waters (35 000 km?) have
been geologically mapped in detail (scale 1:50 000), and approximately 90% have
been mapped to a medium scale (1:200 000), giving a total of 96%. Three main types
of seabed geological maps have been compiled: bottom sediments, Quaternary de-
posits, and bedrock. Areas mapped to date are listed below. The shallow offshore
area will be mapped in detail (scale 1:50 000) during the base geological mapping
programme.

Printed maps with a description in English, as well as digital maps and data, can be
ordered from the EGK (e-mail: egk@egk.ee). For further contact information, see the
section National organization responsible for seabed mapping, above.
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1:200 000 maps

Geological maps and databases at a scale of 1:200 000 are based mainly on continu-
ous seismic profiling (dense grid of runlines: ca. 2km) and gravity core sampling
(density of sampling stations: ca. 2 km). These maps exist mainly in the form of
manuscripts, but published maps are available for part of the Gulf of Riga. Digital
versions of these maps do not exist. All basic information about these maps is stored
in various manuscript databases.

Published maps (1:200 000)

Baraskovs, A., Talpas, A., and Kask, J. 1997. Landscape-ecological map of the Gulf of Riga.
Scale 1:200 000. (Includes explanatory note.) Geological Survey of Latvia. Geological Sur-
vey of Estonia. Riga.

Juskevics, V., and Talpas, A. 1997. Map of the Quaternary deposits of the Gulf of Riga. Scale
1:200000. (Includes explanatory note.) Geological Survey of Latvia. Geological Survey of
Estonia. Riga.

Seredenko, R., Zaitsev, V., Talpas, A., and Suuroja, S. 1997. Bedrock map of the Gulf of Riga.
Scale 1:200 000. (Includes explanatory note.) Geological Survey of Latvia. Geological Sur-
vey of Estonia. Riga.

Stribrins, O., and Valing, P. 1996. Bottom sediments of the Gulf of Riga. Scale 1:200 000. (In-
cludes explanatory note.) Geological Survey of Latvia. Geological Survey of Estonia. Riga.

Unpublished maps (1:200 000)

Malkov, B., Dulin, E., Kiipli, T., and Talpas, A. 1983. The geological mapping of shelf area in
Baltic Sea in Estonian territorial waters. Scale 1:200 000. (Recognizable mapping in 1981-
1983; in Russian). Geological Survey of Estonia, Tallinn.

Malkov, B., Kiipli, T., Rennel, G., Tammik, P., Dulin, J. 1986. The regional geological and geo-
physical investigations of shelf area in Baltic Sea in Estonian territorial waters. Scale
1:200 000. (in Russian.) Geological Survey of Estonia, Tallinn.

Talpas, A., Kivisilla, J., Kérvel, V., Mardla, A., Petersell, V., Popova, L., Rennel, G., et al. 1989.
Regional geological and geophysical investigations in Gulf of Finland (eastern part). Scale
1:200 000. Geological Survey of Estonia, Tallinn.

1:50 000 seabed sedimenf maps

This type of map (bottom sediments, Quaternary deposits) was compiled for four
sheets surrounding the submarine Neugrund meteorite crater area off northwest Es-
tonia (Gulf of Riga). The maps are based on a dense grid of seismic continuous profil-
ing and sidescan sonar measurements; gravity coring and sampling of submarine
bedrock outcrops by diving was used as well. The map contains the same informa-
tion as the 1:200 000 maps.

1:50000 digital maps

Suuroja, K., Suuroja, S., and Talpas, A. 1999. The investigations of seabed between islands
Pakri and Osmussaar. Scale 1:50 000. (Three maps — bottom sediments, Quaternary depos-
its, bedrock —with explanatory note in Estonian and English summary. Known and as-
sumed marine sand and gravel resources in Estonia.

The most important known mineral resources on the Estonian continental shelf are
sand and gravel deposits. These are exploited commercially by the Port of Tallinn
(Muuga) around the islands of Prangli and Naissaar. Sand and gravel from these de-
posits is of poor quality and is used as fill material. Exploitation has occurred else-
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where in the Gulf of Tallinn and in small areas around Sillamée (Gulf of Finland) and
the western Estonian archipelago.

Survey equipment

The EGK has no survey vessel and no special survey equipment.

Data holders

Data are held by the EGK. For contact information, see the section National organiza-
tion responsible for seabed mapping, above.

National standards

Analyses for the EGK are carried out by contracted accredited laboratories.
Finland

National organization responsible for seabed mapping

Geological Survey of Finland (GTK), PO Box 96, FI-02151 Espoo, Finland. Contact: J. Rantataro:
tel: +358 20 550 11; fax: +358 20 550 12; e-mail: jyrki.rantataro@gtk.fi.

Types of seabed maps

Finnish territorial waters have been mapped in detail (scale 1:100 000/1:50 000) in
inshore areas of the Gulf of Finland and in the easternmost part of the Archipelago
Sea, as well as in some sites in the Gulf of Bothnia. An overview of the mapped areas
is shown in Figure 3.2.4. Reconnaissance mapping of the Exclusive Economic Zone
(EEZ) waters commenced in 2006.

Printed maps, with descriptions and English summary, can be ordered from the GTK
(e-mail: julkaisumyynti@gtk.fi; for further contact information, see the section Na-
tional organization responsible for seabed mapping, above).

1:10000/1:50 000 seabed sediments and Quaternary strafigraphy maps/databases

These maps show the distribution of the predominant sediment in the uppermost
tens of centimetres of the seabed, according to character and genesis. The maps are
accompanied by a separate description, including the sediment stratigraphy down to
the bedrock surface of selected geological sections from the same area, as well as bot-
tom photos, diagrams, etc. The map area shows the distribution of pre-Quaternary
rocks, till, glaciofluvial deposits, postglacial and glacial clays, sampling/coring sites,
tracklines, etc. The maps are projected in Gauss—Kriiger with the Finnish KKJ grid
net and the longitude and latitude system in W(GS84.
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Figure 3.2.4. Map of the GTK acoustic-seismic surveys showing coverage of mapped areas within
Finnish territorial waters and EEZ at scales of 1:100 000 or 1:50 000.

Since 1986, this kind of mapping has been based on the simultaneous use of single-
channel, seismic survey with boomer-type sound source, and echosounding
(28/30 kHz) with sidescan sonar. The grids of tracklines are generally spaced at
500 m, and sampling/coring was used for checking and/or for guidance of interpreta-
tion.

Printed maps and digital versions of maps may have any form, format, and content.
All basic information from 1989 onward is stored in various databases. The GTK
should be contacted for information and availability. Detailed information of the ag-

gregate resources within the mapped area is available on request to GTK.

Publishedmaps (1:100000/1:50000)

GTK. 1991. Geological map of Finland, Sea floor deposit, Kotka-Pyhtd4d-Vehkalahti. Scale
1:100 000. Report of Investigation No. 109.

GTK. 1991. Marine geological map, surficial sediments, Inkoo-Espoo-Helsinki-Sipoo. Scale
1:50 000. Helsingin seutukaavaliiton julkaisuja (Uusimaa Regional Council) C31. (Four
maps.)

GTK. 1991. Sea floor sand and gravel investigations in Gullkrona Fjarden, The Archipelago Sea,
1989. Varsinais-Suomen Seutukaavaliitto (Regional Council of Southwest Finland), 1990.
Two maps.

Othertypes o fmarinegeologicalmaps andinformation

Bargel, T., Huttunen, T., Johansson, P., Lagerbéck, R., Midkinen, K., Nenonen, K., Olsen, L., ez al.
1999. Maps of Quaternary geology in central Fennoscandia: sheet 1: Quaternary deposits.
Scale 1:1 000 000. Geological Survey of Finland, Espoo.

Ignatius, H., Kukkonen, E., and Winterhalter, B. 1980. Pohjanlahden kvartddrikerrostumat.
Summary: The Quaternary deposits of the Gulf of Bothnia. Appendices: marine geological
maps of the Gulf of Bothnian Sea and the Bothnian Bay. Scale 1:100 000. Geological Survey
of Finland, Report of Investigation No. 45.
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Koistinen, T. (Ed.) 1994. Precambrian basement of the Gulf of Finland and surrounding area.
Scale 1:1 000 000. Geological Survey of Finland, Espoo.

Known and assumed marine sand and gravel resources

The most important known mineral resources on the Finnish continental shelf (EEZ)
are sand and gravel deposits. Until now, these have been the only non-living natural
resources to be exploited commercially in Finnish waters. Exploitation has been un-
dertaken on a small scale and has been concentrated in areas offshore of Helsinki and
Pyhtaa in the Gulf of Finland.

Marine sand extraction amounted to about 100 000—200 000 t year-!, but has been spo-
radic, with occasional cessations lasting more than a year. Sand and gravel was used
generally as fill material.

Survey equipment

The GTK has a new twin-hull, aluminium-constructed survey vessel, SV “Geomari”,
of 75 grt, 20 m length, 7.5 m width, and 0.9 m draft. The vessel has winches, L-frame,
moon pool, sediment laboratory, and a special survey room for data collection and
processing. The vessel is equipped with a differential global positioning system (D-
GPS) navigator. Geological information is collected with shallow seismic systems
(boomer, airgun); sidescan sonar systems (100 kHz, 500 kHz, and 100/500 kHz); 5 kHz
pinger; 28 kHz echosounder; and various sampling and corer devices, including vi-
bro-hammer corer (6 m), piston corer (6 m), Gemax-corer (0.5 m, including subsam-
pling devices), boxcorer (0.6 m), and underwater camera.

Data holders

Data are held by the GTK. For contact information, see the section National organiza-
tion responsible for seabed mapping, above.

National standards

Analyses for GTK are mainly carried out through in-house accredited laboratories or
by contracted accredited laboratories.

France

National organization responsible for seabed mapping

Institut Frangais de Recherche pour 1'Exploitation de la Mer (IFREMER), Z.I1. Pointe du Diable,
B.P. 70, 29280 Plouzané. Contact: Claudes Augris: tel: +33 2 98224242; e-mail:
Claudes.Augris@ifremer fr.

Mapping programme

IFREMER is in charge of offshore mapping, and its staff includes two geologists
whose work involves the continental shelf. It cooperates with the Bureau de Recher-
ches Géologiques et Minieres (BRGM), which is in charge of onshore geological map-
ping, to integrate IFIREMER marine data into coastal maps published by BRGM.

Future mapping programmes

Mapping of the French Exclusive Economic Zone (EEZ), both of continental France
and its overseas territories, is planned for the coming years. Around the mainland,
several cruises devoted to EEZ exploration have been carried out, and a set of six

| 35


mailto:Claudes.Augris@ifremer.fr

36 |

Effects of Extraction of Marine Sediments on the Marine Environment

bathymetric charts at a scale of 1:250 000 is being produced between the mainland
and Corsica.
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http://wwz.ifremer.fr/drogm/ressources_minerales/materiaux_marins

IFREMER publications can be ordered from: Editions QUAE, c¢/o Inra RD 10, 78026
Versailles Cedex, Versailles, France; tel: +33 1 30833416; fax: +33 1 30 833449.

BRGM publications may be ordered from BRGM. For contact information, see the
section National organization responsible for seabed mapping, above.

Survey equipment

The French marine geological community is essentially oriented towards deeper wa-
ter activities. However, for shelf research and coastal management, IFREMER has
three 25 m coastal research vessels: two for operation in the Atlantic/Channel and one
for operation in the Mediterranean. A further five similar vessels are run by the uni-
versities.

Relevant types of IFREMER equipment include very high resolution seismics, differ-
ential global positioning systems (D-GPS), sidescan sonars, multibeam for shelf, vari-
ous corers, and grabs.

Ireland

National organizations responsible for seabed mapping

Geological Survey of Ireland (GSI), Beggar's Bush, Haddington Road, Dublin 4, Ireland; tel:
+353 1 678 2864; fax: +353 1 678 2579; e-mail: Koen.Verbruggen@gsi.ie.
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Marine Institute (MI), Marine Institute Headquarters, Rinville, Oranmore, Co. Galway, Ireland:
tel: +353 9 138 7200; fax: +353 9 138 7201; e-mail: institute. mail@marine.ie; vessel chartering
and surveying enquiries: rv@marine.ie; website: http://www.marine.ie.

Requests for data

Marine Data Online (http://www.marinedataonline.ie/) is an online service that pro-
vides access to marine data and projects in Ireland. A summary of the content, the
currency, and format is given for each entry, conforming to the ISO19115 standard for
geographic metadata.

Third-level organizations active in seabed mapping

Coastal and Marine Resources Centre, University College Cork, Haulbowline Naval Base,
Cobh, Co. Cork. Contact: Gerry Sutton: tel: +353 21 470 3113; e-mail: Gerry.sutton@ucc.ie.

Department of Earth and Ocean Sciences, National University of Ireland, Galway, Ireland.
Contact: Paul Ryan: tel: +353 9 149 2194; fax: +353 9 149 4533; e-mail:
paul.ryan@nuigalway ie.

Mapping programme

In 1999, the Irish Government allocated €32 million to fund the Irish National Seabed
Survey (INSS) project, which was designed to map Ireland's offshore area. The GSI, in
partnership with the MI, manages the project. In the last six years, more than
520000 km? of the Irish Exclusive Economic Zone (EEZ) has been surveyed. During
the lifetime of the project, which is now the largest mapping initiative in the world,
several vessels and aircraft have been involved.

In 2006, an extension of the INSS-INFOMAR (Integrated Mapping for the Sustainable
Development of Ireland’s Marine Reso