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Abstract

The uses of beach fill in the countries of the European Union are highlighted and discussed with respect to the general

situation, project type and objectives, design and evaluation procedures, legal framework, and financial aspects. As expected,

significant differences were found among the investigated countries. In general, the study shows that it would be very profitable

for south European countries to learn about the Dutch and German practices, particularly regarding the long-term coastal

management and the regular monitoring of the coastal morphology. On the other hand, recent Dutch experience has shown that

their legal system is a bit rigid, leading sometimes to renourishments that are less necessary to reach the global objective.
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1. Introduction

The present study is part of a project called SAFE

(Performance of Soft Beach Systems and Nourish-

ment Measures for European Coasts), sponsored by

the European Commission. This project, conducted

between March 1996 and June 1999, aimed at

contributing to the improvement of the design prac-

tices of artificial nourishment schemes in Europe

(Hamm et al., 2002, this issue). As a part of this

project, an inventory of and a comparison between

the major nourishment countries involved in the

SAFE project were performed.

The objective of this particular study is to com-

pile, disseminate, and exchange national information

on a European level concerning beach fill operations

for coastal protection, on the projects involved and

on the practices used. A tour is taken through the

major beach nourishment countries in Europe, in no
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particular order, describing the present situation. For

each country, the general situation is briefly dis-

cussed together with an overall description of project

types, objectives, design, and evaluation. In the

concluding section of this paper, a comparison bet-

ween the different countries is presented, where

common features as well as differences are dis-

cussed. This includes the more detailed design as-

pects–methods, considerations, constraints, fill types,

methodologies, and equipment. The paper also gives

a brief description of the beach nourishment situation

in other countries of the European Union.

2. Beach fills in Germany (DE)

Germany has 1900 km of coastline. Of this, just

under one third consists of sandy beaches, which in

many cases are exposed to coastal erosion. Up until

1950, shore protection in Germany was mainly

achieved through hard structures. The first fill in

modern times was performed in 1951 on the Island

of Norderney. Since then, there has been a gradual

change from hard to soft protection measures in

sandy coastal zones. After the first fill, more than

130 fills have been performed in 60 different sites

(Fig. 1) adding up to a total fill volume of about

50M m3. Appendix A lists the beach lengths and

nourishment volumes for projects where these num-

bers could be established.

2.1. Project types and objectives

The mainland of the German North Sea coast is

protected by sea dykes. Beach fills are carried out in

sandy beaches which are predominant on the East-

frisian Islands (Federal State of Lower Saxony) and

on the Northfrisian Islands (Schleswig-Holstein) in

the North Sea and along the coastline of the Baltic

Sea (Schleswig-Holstein and Mecklenburg-Vorpom-

mern). The protection of the islands is of high

priority because their presence is considered as a

large-scale natural barrier that protects the mainland.

Not only because of the different coastal conditions

but also because the federal states in Germany have

different protection policies, the project objectives

may vary depending on location:

1. Soft protection of seawalls and revetments against

local scour through toe nourishments, mainly on

the Islands of Norderney, Sylt, Föhr, and Amrum.

The effective total length is 10 km and so far,

11.5M m3 of sand have been filled from 1962 to

1996.

2. Strengthening of dunes and beaches in order to

keep shorelines at their 1992 positions introduced

Fig. 1. Documented beach nourishment sites in Germany.
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as a legal instrument in the island of Sylt along 30

km of dunes and cliff adding up to 22M m3 from

1983 to 1996, and maintaining a critical, minimum

beach profile in front of the dune at Langeoog

along 3 km with a total volume of 2.9M m3 from

1971 to 1994 (Dette, 1998).

3. Seaward and landward extension of natural

dunes as high water and flooding protection in

order to provide, at all times, a minimum natural

dune width of 40–45 m along the Baltic

coastline with an effective length of 144 km in

36 sites.

4. Erosion mitigation, i.e. raising and widening of

the beach and the nearshore underwater berm

profile along the Baltic coastline with a total

effective length of 50 km in 20 sites. Total

volume adds up to 7.8M m3 of sand from 1968

to 1994.

5. Compensation of lee-erosion caused by coastal

structures in Sylt, with an effective length of 2.5

km. Total fill volume so far is 2M m3 from 1995

to 1997. Also, at Warnemünde, Baltic Sea, with

an effective length of 2.2 km in nine refills, a

total volume of 1.0M m3 was filled from 1972 to

1994.

These five types of projects are carried out in

the framework of legal coastal protection by coastal

authorities. In addition, local communities take

initiatives to improve their beaches for recreational

purposes. Type 2 above was a result of a changing

policy over time from no protection measures to

manmade interference and the favouring of beach

nourishment instead of continuous maintenance of

hard structures (seawalls and revetments). This

policy was introduced into the legal framework

for Sylt in the early 1990s.

2.2. Execution, design and evaluation

The design methods in order to meet the various

objectives can all be classified into the category of

generic templates. Refined design stage methods are

at the very beginning of being considered as design

tools. Maximum storm surge levels (i.e. no over-

topping of dunes and no breaching) and longshore

transport rates are the major design parameters

taken into consideration. Wave run-up and depth

of closure are not considered. No other direct

design constraints are taken into account. Environ-

mental concerns are only raised in the licensing of

offshore borrow areas. Recreational disruptions in

high season (July–September) are avoided by tim-

ing the execution in the months of April till June.

Aeolian transport in front of resorts is minimised

by installing fences or bushes.

There is a general ambition to use at least the

same grain size as the native one, but preferably a

coarser one. Structural supports in combination with

a fill, for example a geotextile barrier in the fill body

to reduce erosion during major storm surges or

underwater sills to reduce wave energy impact on

the beach fill, have been investigated. However,

these are still far from being accepted as supporting

tools, partly due to the mental reasons of the author-

ities who argue that if standard fill practice is well

proved, why change.

For the protection of the Westerland seawall in

Sylt, three unusual design types were developed

(Dette and Gärtner, 1987) including (1) a successful

spit-type fill which extended seawards more than 350

m from the seawall, (2) a less successful, linear, 1-km

long fill to 3 m above MHW, and (3) the combination

of both previous designs called a ‘‘girland-type’’ fill

with satisfying results.

In nearly all fill sites, initial projects have been

carried out with an expected renourishment period of

5–7 years. Profile and berm nourishments are the

typical fill types. Offshore mounds have so far not

been carried out. Berm nourishment fill profiles

incorporate a certain precautionary volume. With

respect to an initial overfill ration, so far, no adequate

design tools have been initiated by the authorities,

probably due to the philosophy that each amount of

sand is a benefit for the fill site and for the neigh-

bouring areas.

Hopper dredgers with trailing suction and load-

ing capacities of up to 8000 m3 are the traditional

equipment for operation in nearshore borrow areas.

Stationary dredgers with deep suction and sinker

lines attached to the beach are mostly used in

sheltered areas. After using trailing suction during

the first years (1985–1988), excavation of borrow

material in deeper water (e.g. more than 15 m, like

off Sylt) later turned out to be more effective

through deep suction dredger which were anchored
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during the time of loading. Problems and disadvan-

tages due to rough sea (waves between 1 and 2 m)

at first, expected from the ‘‘stationary’’ deep suction

dredging, were not experienced with the anchored

dredgers.

In general, coastal protection in Germany is done

within a well-developed, long-term strategy for

actions along the coast. For most projects, the res-

ponsible authorities are implementing follow-up pro-

grammes. However, serious overall performance

evaluation programmes are still not used to any

extent, and only used in special cases. Almost all

of the well-documented projects are located on the

island of Sylt.

2.3. Legal and financial aspects

German coastal protection is regulated by the

constitutional law in terms of the Conflicting Legis-

lation Act. The national government may apply this

right, if a matter is not regulated effectively by

federal law or if the legislation of one state interferes

with the legislation of other states or that of the

entire nation. The five coastal federal states have

formulated special regulations for coastal protection

in their federal legislation. Although these regula-

tions differ in certain aspects, the national govern-

ment has not yet made any use of the Conflicting

Legislation Act.

The national government, being aware of its over-

all responsibility, financially supports the coastal

protection works of the coastal federal states. This

support is subsidiary, i.e. national funds are only

granted if matched by funds from the concerned

federal states.

In 1969, Article 91a was amended to the Con-

stitutional Law of 1949. In this article, the cooper-

ation between the national government and the

federal states was legally established by means of

‘‘joint tasks’’. Such tasks have to be classified as

being of national importance and as being necessary

for improving the standard of living. Coastal protec-

tion has been identified as such joint task and, thus,

was included in Article 91a. The national financial

share in these tasks was fixed at 70%.

The protection of sandy coastlines against storm

surges and erosion by means of repeated beach fills

and nourishments is handled individually by the

coastal federal states in terms of the ‘‘general pro-

tection guidelines’’ or site specific master plans.

Since 1950, more than 95% of all nourishment sites

in Germany have benefited from those regulations.

The rest, e.g. small fill projects mostly for recrea-

tional purposes, are financed by local authorities on

the basis of their own interest. Within this legal

scheme, the economy of coastal protection projects

is not considered. So far, economic justification or

optimisation (design vs. cost) of such projects is not

compulsory, partly because there is yet a legal or

public pressure to do so.

After nearly 50 years of experience, the method

of active coastal protection by means of repeated

fills is a standard tool with ever increasing impor-

tance. However, the next step on how to minimise

the regular refills and by these means reduce the

expenditure still lies ahead and is presently under

discussion.

3. Beach fills in Italy (IT)

Italy has 7500 km of which just under half

consists of low lying alluvial beds, particularly

exposed to coastal erosion. An idea on the impor-

tance that Italy attaches to its problems in coastline

engineering comes from the northern Adriatic

beaches, holiday destination of more than 90 million

tourists from Italy and northern Europe. The annual

revenue from a typical square metre of beach from

tourist-related activities approaches US$3200, which

is roughly equivalent to the current market value of 1

m2 of apartment.

In Italy, modern beach fills have been practised

since 1969. During this period, about 50 fills have

been performed in 36 sites (Zaggia, 1998) adding

up to a total fill volume of about 15M m3 (Fig. 2).

A large majority of these fills are small-size inter-

ventions around 100–150� 103 m3. The exceptions

are (1) four large interventions at Cavallino, a

barrier beach in the Lagoon of Venice, and Pelles-

trina, a barrier beach in front of Venice (7.6M m3),

(2) Ravenna in the Po river delta (1.4M m3), (3)

Ostia close to Rome (1.4M m3), and (4) Bergeggi

on the Italian Riviera (2M m3). Appendix B lists

the beach lengths and nourishment volumes for

projects where these numbers could be established.
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3.1. Project types and objectives

Almost all projects comprise of a combination of

sand nourishment and hard structures (Benassai et

al., 1997). These different projects may be attrib-

uted to one of the following general objectives: (1)

erosion mitigation at local scale, (2) enhanced

recreation at a very small scale, and (3) in southern

Italy, there is often a need to safeguard the coastal

railway. These interventions may, almost generally,

be regarded as remedial (counteractive) rather than

preventive (proactive) measures, i.e. emergency-type

actions are taken as problems are identified along

the coast without any long-term planning or overall

strategy.

3.2. Execution, design and evaluation

Most projects are based on a generic design with

a combination of hard and soft structures. Most

minor projects are designed by simple scoping

methods utilising crude evaluations of shoreline

retreat rate together with an evaluation of the

equilibrium slope. In larger projects, the somewhat

more refined design methods are used, where a

crude evaluation of the longshore sediment trans-

port rate is combined with detailed computations of

the volume budget. In addition, the Dutch CUR

(1987) manual is consulted in determining long-

term trends, renourishment intervals, etc.

Physical model tests are quite common for larger

projects. However, numerical models are not used,

with the exception of the Pellestrina and Cavallino

projects where, to some extent, such models were

used. These projects were, however, undertaken in the

particular framework of the Special Law for the

Safeguard of Venice. In general, monitoring is only

limited or not done at all. Also, there is no established

methodology for maintenance schemes, and no actual

performance evaluation is made for the projects.

Fig. 2. Documented beach nourishment sites in Italy.
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3.3. Legal and financial aspects

In Italy, coastal waters and beaches are State-

owned. This means that initial costs have generally

been attributed to the State, while the regional govern-

ments are responsible for the maintenance and asso-

ciated costs, at least formally. Exceptions to the

attribution of the maintenance costs are the rules,

typically based on the occurrence of extreme events

that require the support of emergency measures (with

funds coming from the State). Revenues, however, go

to the municipalities. In the past, there were hardly

any cost–benefit analyses of projects. What is most

evident is, thus, the discrepancy between who is

paying and who is receiving the benefits. The situa-

tion is anticipated to change in the future.

The Law of 1907 distinguished between two types

of coastal defences: those to protect built-up areas and

those to halt beach erosion. Concerning the former,

the local planning authority is in charge and can

obtain financial support from the Ministry of Public

Works, once its operative sections have considered the

works to be technically feasible. In the second case,

both the municipality and the port authority can apply

for financial support from the Ministry of Public

Works in order to build up the defences.

The Decree Law of 1985 restricted development to

300 m inland from the high water mark. The regions

were requested to issue territorial and landscape plans

aimed at regulating the uses of these areas and

ensuring their sustainable exploitation. Stabilisation

of dunes in order to protect the hinterland is now

being considered.

New legislative developments are expected by the

application of the so-called ‘‘coastal plan’’, currently

under preparation by the Ministry of the Environment.

Other new legislative developments that could even-

tually move in the direction of ‘‘coastal zone ma-

nagement’’ are also expected following the possible

adoption of the strategic environmental assessment for

the coastal zone and the transfer of competence from

the State to the regions (Law of 1997).

4. Beach fills in the Netherlands (NL)

In the Netherlands, modern beach fills have been

practised since 1970. During this period, about 200

fills and refills have been performed in about 35 sites

adding up to a total fill volume of about 110M m3

(Fig. 3). Since 1991, the average fill volume amounts

to about 6M m3 per year.

The Netherlands has struggled for many centuries

to safeguard its territory from flooding. The western

part of the country is below mean sea level. Large

portions of the Dutch coast are receding since long.

Historically, this recession has been stopped at some

places with dykes, whereas at other various places, no

strict measures have been taken, or the recession has

merely been slowed down with groins and fences.

Thus, in general, the policy was previously one of

selective retreat. The disastrous flooding in 1953 of

large parts of the southwestern part of the Netherlands

led to a change in this policy and to the legislation

concerning minimal safety standards for the coast

against flooding.

A further step in this direction was taken in 1990

when the policy of dynamic preservation was adopted

(Anonymous, 1990). This was based on the presump-

tion that it is technically and economically possible to

compensate natural erosion of sandy coasts by nour-

ishment. Prior to this policy, nourishments were

carried out to reinforce dunes against breaching as

part of the safety legislation. As an example, Appen-

dix C lists the beach lengths and nourishment volumes

for various projects that have been subject to an

Fig. 3. Documented beach nourishment sites in the Netherlands.
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evaluation of nourishment performance (Roelse,

1996).

4.1. Project types and objectives

After adopting the dynamic preservation policy,

the overall objective has been to preserve the 1990

coastline location through nourishments on a na-

tional scale. Thus, policy implies that the future

coastline should nowhere be landward of the 1990

position. When required, sand is nourished to

warrant the latter. Through this procedure, the legal

safety standards are expected to be met automati-

cally in most places.

4.2. Execution, design and evaluation

The responsibility for coastal protection in the

Netherlands is divided between national (Rijkswa-

terstaat which also have local offices) and regional

authorities, with the so-called water boards. A local

Rijkswaterstaat body designs the nourishment and

produces a blueprint covering all aspects to be

taken into account by a contractor, such as place

of sand mining, shape of the nourished profile, i.e.

how much sand has to be placed in each profile, in

which time frame the work should be performed,

etc. Thus, the design is very strict with little

variation from site to site (CUR, 1987). The prin-

cipal design parameters are (1) nourishment vol-

ume, depending on the rate of autonomous erosion

and the requested lifetime and (2) effectiveness

factor of nourished sand. The latter is defined as

the ratio of the autonomous erosion rate before to

the actual erosion after implementation of the

nourishment.

The coastline is defined by a measured sand

volume (derived from annual cross-shore profiles,

see below) rather than from an observed horizontal

line such as the MLW. Beach nourishments are

designed to compensate for the natural loss of sand

in a coastal stretch for a defined period of time to

come. The amount of sand to be filled is, thus,

calculated by multiplying the design lifetime with

the annual loss derived from the regression over the

previous 10 years. The amount is then corrected

(by adding 10–20%) for the site-dependent effec-

tiveness factor to account for the possible slightly

increased erosion rate after the nourishment, com-

pared to the autonomous one.

In some special places, another position, more

seaward than the actual one, has been deliberately

defined as the 1990 criterion, in order to ensure

that the safety of the coast will be automatically

warranted as long as the coastline meets the 1990

criterion. In addition, safety against flooding is

checked every year, on the basis of measured

profiles. The evaluation of nourishments is based

on annual surveys, performed along the entire

Dutch coast since 1965, with cross-shore profiles

200–250 m apart. During operations, the treated

sections of the nourishment site are surveyed before

and soon after their treatment, in order to achieve

proper nourishment volume values.

Selected nourishments have been evaluated based

on the following criteria: effectiveness factor = ratio

of erosion rate before and after nourishment; preser-

vation factor = ratio of actual lifetime and design

lifetime; recreation factor = ratio of beach width after

and before nourishment; natural values factor = ratio

of actual and design lifetime of dune foot stabilisa-

tion; flood protection factor = ratio of actual and

design lifetime in maintaining the dune profile.

4.3. Legal and financial aspects

The new Sea Defence Law of 1996 regulates the

responsibility for maintaining the safety against

flooding and the division of tasks between govern-

ment and regional authorities. Maintenance of the

primary sea defences is handled at a regional level,

through the water boards who are supervised by the

provinces. Because of the national interest in safety,

the Minister of Transport, Public Works, and Water

Management has the overall supervision. For dune

systems, a large part of the profile is considered to

make up the primary defence, from the shoreface to

the landward side of the first dune. The local water

boards are in first instance responsible for the

dunes while the government has to maintain the

coastline. This approach obviously requires close

collaboration between the two levels, which takes

place on a provincial level in the so-called provin-

cial consultative bodies (POKs), each consisting of

representatives from the provincial government, the

local water board(s), and the Rijkswaterstaat. The
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provincial authorities chair the POKs to ensure that

coastal management is in line with the regional

planning policy. According to the Sea Defence

Law, the dune profiles are measured at least once

a year and whenever the standards are not met,

measures will be taken with high priority.

The local Rijkswaterstaat’s authority is also res-

ponsible for numerous permits needed. They have to

be granted by local municipalities, water boards, etc.

They concern, inter alia, permission to work in the

areas, such as installing pipelines and pumping

stations. There may be regional differences. For

example, in one province, the beach has remained

under the jurisdiction of Rijkswaterstaat, for the

specific reason of controlling the permits to work

there, while in another, it has become part of the

water board’s responsibility. Fortunately, with the

present day experience, obtaining these permits is a

routine operation.

In the policy of dynamic preservation, the Minister

of Transport, Public Works, and Water Management

has to inform the parliament every 5 years on the

results of this policy. A first (interim) report was

provided in 1993; a first full report in 1995, while

the next one was due in 2000. The policy will be

continued for the time being. With the maintenance

scheme built into the legal structure, little economic

justification is necessary for individual projects.

5. Beach fills in France (FR)

The total length of coastline in mainland France

is estimated at about 5500 km including some 1960

km of sandy beaches. Coastal defence works are

quite significant but nourishment is only a marginal

technique adopted to control the erosion. A recent

inventory (Hamm et al., 1998) showed that modern

beach fills have been practised since 1962. During

this period, about 115 fills and refills have been

performed in 26 sites adding up to a total fill

volume of about 12M m3 (Fig. 4). This very

limited quantity reflects that most coastal defence

works in France still comprise the construction of

groynes, seawalls, and detached breakwaters. France

has a coastline bordering both the Atlantic Ocean,

with extreme tidal variations in some locations, and

the Mediterranean Sea with little or no tide.

5.1. Project types and objectives

The French approach to beach nourishment is

traditionally to couple it with hard structures as

supporting measures to minimise sand losses and

maintenance. In addition, in the most important nour-

ishment projects, the nourishment option was chosen

on the basis of the desire to get rid of available sand

dredged to maintain navigable depths in a nearby

harbour. A slight change in policy may possibly be

reflected in two recent projects (Chatellaillon and

Fromentine, south and north of La Rochelle, respec-

tively, in Fig. 4) representing a new approach with

much less supporting measures and allowance of an

annual loss of material, implying some periodic

renourishment.

Project motivations include the creation of recrea-

tional beaches, coastal defence, dune restoration, and,

as mentioned above, the use of dredged sand from

harbour extensions or maintenance. No difference is

made in practice between protection against flooding

and stabilisation of the shoreline. In general—as in

Italy—the measures may be classified as remedial

rather than preventive.

The inventory is summarised in Appendix D. A

total of 24 sites have been documented including:

– Nine artificial beaches made of sand or gravel. The

term ‘‘artificial beach’’ is used here to point out that

the shoreline has been moved seaward to a point

never been reached naturally before during the last

century. Such beaches have been built for recrea-

tional purposes between 1962 and 1978.

– Eleven sites have been nourished in order to control

beach erosion. Among these sites, the case of the

beach of Anglet is unusual because of the technique

adopted (shoreface nourishment) and of the large

volume of sand deposited there (8.2M m3 between

1974 and 1992).

– One shingle beach has been nourished periodically

since 1969 to avoid flooding of the low-lying areas

(Les Bas-Champs).

In addition, dune restoration works were carried

out along the Gulf of Lion on the Mediterranean

coast since 1984 particularly in three sites (Les

Orpellières, Maguelonne, and La Gracieuse Spit) to

control flooding.
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In total, 1M m3 of shingle, 0.3M m3 of gravel, and

10.5M m3 of sand have been used at these sites (total

of 11.8M m3). For most of them, the total quantity was

less than 0.1M m3 (eleven cases) or between 0.1 and

0.3M m3 (eight cases). Five sites have received more

than 0.3M m3 in total, and three of them are regularly

nourished (Bas-Champs, Anglet, and Arcachon basin).

These three sites represent 82% of the material placed

on French beaches.

5.2. Execution, design and evaluation

Design methods of coastal defence works are

rather well developed in France. The survey of the

completed projects has shown that detailed design

studies have been performed for 15 cases. A typical

design study includes the determination of the design

water levels and wave climate, field investigation to

get information on the bathymetry and bottom sedi-

ment distribution, and a first assessment of the past

and present situation from a morphodynamic view-

point. In a second step, the beach fill itself is

designed including the hard structures that will

guarantee a low loss rate. Such a design is based

on classical coastal engineering concepts (SPM,

1984) but also includes environmental considera-

tions.

As mentioned, many of the projects are motivated

from the perspective of getting rid of dredged material

mainly from port areas. Thus, grain size varies from

shingle to fine sand depending on the location provid-

ing a material that may be more or less suitable for

beach nourishment. The use of fine sand in several

locations (e.g. Cavalaire and Anglet) led to major

Fig. 4. Documented beach nourishment sites in France.
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losses. The fill material is generally placed on the

beach by trucks in the case of shingle and pebbles,

and hydraulically in the case of dredged sand. Dune

restoration makes use of available sand on the beach.

For the main project at Anglet, a shoreface nourish-

ment scheme was used.

Detailed studies are commonly carried out to

provide a morphodynamic evaluation of the beach to

be nourished. A mobile-bed scale model has been the

traditional tool in France in performing morphody-

namic impact investigations since the 1950s. Scale

models were used in nine cases in the 24 sites

included in the inventory. Shoreline numerical models

are also being used in recent years to study large-scale

evolutions. In several cases, in situ tests have been

performed to check the design. However, monitoring

after nourishment is in most cases not systematic. The

monitoring program is not planned in advance and is

often not comprehensive. Topographic surveys are

quite frequently carried out for dune and beach nour-

ishments, but are typically not complemented by

bathymetric surveys. The wave climate is seldom

recorded but international databases (weather ships,

satellite data) as well as hindcast techniques are used.

The inventory also showed that the key perform-

ance indicator is the volume loss of sand in most

cases. A notable exception is the case of Anglet beach

where periodic shoreface nourishments were made in

order to maintain the shoreline position.

5.3. Legal and financial aspects

The Law of 1807 specifies that the Ministry of

Public Works shall certify the necessity of coastal

defence works. All costs incurred for coastal defence

works shall be borne by the protected landowners in

proportion to their interests, except in cases where the

government decides that subsidies from public funds

would be advisable or are merited. In practice, such

subsidies have usually been extremely small, owing to

the limited financial resources generally devoted to

coastal defence works. This law also sets out guide-

lines for the so-called ‘‘compulsory’’ associations that

are responsible for having these works carried out and

maintained. It has always been difficult to put these

laws into effect, which gave rise to the saying,

‘‘France has no coastal defence system, only ex-

penses’’ (De Rouville, 1954).

Since 1970, the local government representative

provides certification with possible funding (10–

30%) in cases of the defence of urban areas. Such

funding is, however, exceptional. The Law of 1973

allows local communities to take initiatives in this

area when common interests are threatened. In prac-

tice, local municipalities are nowadays in charge of

coastal defence works with possible partial financial

support from regional authorities. As a consequence,

there is no national coastal management in France and

no national standard for beach fill design and evalua-

tion. Each project is managed according to prevailing

and local conditions. On the other hand, mentalities

are slowly changing and many regional funders are

now becoming aware of the necessity to think region-

ally before funding locally.

The Law of 1977 was aiming at the protection of

nature and institutes an environmental impact assess-

ment study when the budget of works exceeds 1M

ECU. Further legal texts improved the accreditation

procedure including public inquiries, concertation,

and administrative procedures when the works occupy

a surface over 2000 m2. In practice, the financial

threshold is not reached and the surface area threshold

is difficult to define. Thus, nourishment projects

escape this law.

A further text of 1979 requires an administrative

accreditation when coastal structures are built on the

coastal public land. It is worth to mention here that

coastal defence works in this law covers hard struc-

tures only. So, in practice, accreditation procedures

are seldom in effect for nourishment operations in

France.

The so-called Littoral Law of 1986 extends the

concept of coastal defence works to natural sites with

an accreditation procedure when the budget of works

exceeds 0.15M ECU. It also forbids new artificial

beach developments and protects the natural state of

the coastline. Furthermore, the coherence between the

earlier laws and the new environmental laws needs

improvements, which are reported to be in progress.

6. Beach fills in Spain (ES)

Practically the entire Spanish Mediterranean coast

consists of sandy beaches (Lechuga, 1994). The

principal cause of erosion along this coast is the
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interruption of the sand transport by numerous har-

bour installations. Modern beach fills have been

practised only since 1983. During the last 5 years

alone, more than 600 fills and refills have been

performed in about 400 sites adding up to a total

fill volume of about 110M m3 (Fig. 5). The vast

majority of the projects are along the Mediterranean

coast. Appendix E lists the beach lengths and nour-

ishment volumes for projects where these numbers

could be established.

6.1. Project types and objectives

Beach fills are usually done without any supporting

structures. In some cases, detached breakwaters are

used. In quite a few cases, existing detached break-

waters have been removed in connection with the

nourishment project. Being a nation where a signifi-

cant portion of the income is based on tourism, the

overall objective of these nourishments is connected

to the recreational space rather than to the exact

position of the shoreline or to the concerns about

flooding. Thus, the objective may be stated: the dry

beach width must exceed 60 m at all times for

recreational reasons. As for the French and Italian

cases, the measures are mostly remedial rather than

preventive.

6.2. Execution, design and evaluation

The overall Spanish design type may be classi-

fied as profile translation. Numerical or physical

models have only been used in a few important

projects. Similarly, follow-up studies, including an-

nual bathymetry and grain size studies, are only

performed for these major projects. In the design

process, environmental concerns seem more impor-

tant than the engineering aspects.

Fig. 5. Documented beach nourishment sites in Spain.
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6.3. Legal and financial aspects

The financial processes involved in beach nourish-

ment are regulated by the Shores Act of 1989,

according to which all beaches in Spain are State-

owned. This act states that works within the jurisdic-

tions of the central government shall be financed by

proper budgetary appropriations and, if applicable,

with contributions from the regional governments,

local governments, international organisations, and

private parties. The Shores Act imposes severe restric-

tions on building and development in a ‘‘protection

zone’’ 100–200 m landward from the beach.

In practice, almost all nourishments are financed

by the central government, because, according to the

Shores Act, the coastal defence is strictly its respon-

sibility. In some projects, with a more developmental

rather that pure protective character such as beach-

front promenades, regional and local governments

may contribute financially jointly with the central

government. In the near future, more of the coastal

works are going to be considered as part of an

integrated coastal zone management process. A first

example of this could be the management of the

Castellon coastal zone project.

7. Beach fills in the United Kingdom (UK)

In the United Kingdom, the use of beach nour-

ishment to complement traditional forms of coastal

defence began in the 1950s. Regional flood protec-

tion authorities along eastern English Channel nour-

ished shingle beaches in front of seawalls, using

shingle (sand, gravel, and pebbles) collected from

accreting beaches further down-drift. This form of

‘‘recycling’’ of beach sediments has been successful

in extending the life of seawalls for over 40 years

(Fig. 6).

Nourishment of beaches using sand dredged from

the nearshore seabed started in 1972. The schemes

allowed an increase in recreational usage of the

beaches, as well as protecting existing seawalls.

Between 1970 and 1994, a total of 3M m3 of sand

and 4.25M m3 of gravel has been used, corresponding

to an annual rate of about 125,000 m3 of sand and

170,000 m3 of gravel. After 1995, rates have in-

creased to 2.5M and 550,000 m3/year, respectively.

The success of beach fill schemes in the UK has

led to an ever increasing requirement for sand and

gravel in future projects. The anticipated demand of

England and Wales for the period between 1995

and 2015 is estimated at 209M m3 of shingle and

224M m3 of sand. The largest nourishment scheme

so far undertaken in the UK, on the coast of

Lincolnshire, has by late 1998 involved the place-

ment of 7.8M m3 of sand dredged from offshore,

over a length of some 24 km. This volume is

expected to increase to 9.4M m3 over the next 5

years to allow for present and future losses (Pos-

ford, 1998). Appendix F lists the beach lengths and

nourishment volumes for projects where these num-

bers could be established.

Fig. 6. Documented beach nourishment sites in the United

Kingdom.
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7.1. Project types and objectives

Beach management schemes in the UK, including

nourishment, have usually been carried out to protect

the land against flooding or erosion. Benefits such as

increased opportunities for recreation and aesthetic

improvements will influence rather than dominate the

selection of an appropriate coastal defence scheme.

Factors such as the initial cost, future maintenance

requirements, and the achievable standard of protec-

tion may indicate that beach nourishment is not the

best defence type in some sites. The fact that nourish-

ment is likely to improve rather than damage beaches

further down-drift is also an important consideration

in England and Wales, where so much of the devel-

oped coastline is already protected by coastal defen-

ces.

Beach nourishment has also been carried out, in a

few cases, to reduce damage caused by land recla-

mation or harbours. Such mitigation works have been

required by coastal defence authorities as a condition

for such developments to be granted with planning

permission. In very recent years, the desire to make

best use of dredged materials has led to several

experimental ‘‘beach fill’’ schemes. In these, a wide

range of sediments, from mud and silts to gravel, has

been placed on eroding intertidal mudflats in estua-

ries to help build up foreshore levels, and hence

protect salt marshes and flood embankments along

the shoreline.

7.2. Execution, design and evaluation

In the past, many coastal defence schemes relocated

rather than solved flooding or erosion problems, and to

avoid this, a national strategy for planning and instal-

ling defences has now been introduced. As a first step,

for each coastal ‘‘cell’’, a shoreline management plan

has been drawn up. This draws together relevant

information on the coastline, on its attributes and its

processes. After consultations, appropriate recommen-

dations aremade either for themaintenance or advance-

ment of the shoreline, or for its retreat, whether natural

or assisted.

Where it is decided that some form of intervention

is desirable, more detailed planning and study of the

particular site is undertaken to decide on the most

effective form of works. Some type of beach manage-

ment is always considered at this stage, usually

including possible beach nourishment. The major

factors in deciding on the best type of defence are

(1) benefit/cost ratio (B/C), (2) feasibility and likely

effective lifetime, (3) standard of defence that is

appropriate, e.g. the return period of flood events that

the scheme is designed to prevent, and (4) environ-

mental impacts of any proposed scheme, both locally

and at a distance.

As an initial step, a very wide range of defence

options is considered, with only the most inappropri-

ate being rejected. There will then be further assess-

ment ‘‘rounds’’, considering the economic, engineer-

ing, and environmental aspects of all the remaining

options. At each stage, the design, costs, and perform-

ance of the various defence types will be refined, with

some alternatives being rejected, until the best option

is identified.

The design of a beach nourishment scheme starts

by examining nearby beaches. This allows an estimate

to be made for the cross-section of a beach that would

be ‘‘stable’’, assuming a similar sediment type. The

volume of sediment needed is then calculated, and the

costs estimated using past schemes and knowledge of

local sediment resources as a guide. As more detailed

consideration of a possible nourishment scheme pro-

ceeds, the major issues are normally as follows. (1)

The availability and cost of suitable materials for

beach fill. At this stage, discussions are often started

with contractors that might be able to supply suitable

material. (2) The height and width of the proposed

new beach profile. These parameters are usually

calculated with numerical models, which for shingle

beaches are of an empirical type. (3) The likely rate of

longshore drift and future shoreline changes, both

locally and along adjacent stretches of coast.

The last of these considerations is often the critical

concern. In the UK, the potential effects of tidal

currents as well as the waves may need to be

considered, especially near the mouths of estuaries

and tidal inlets. Beach nourishment schemes have

usually been accompanied by the construction of hard

structures, usually groynes, designed to reduce the

losses of the material that was placed. Novel types of

beach structures including detached or shore-linked

breakwaters have also been used. The design of

nourishment schemes with or without structures is

usually carried out using numerical models, to deter-
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mine their performance under storm conditions and

their ‘‘far field’’ effects. Sometimes physical models

are also used to optimise the design of hard structures,

especially where the existing shoreline has a complex

topography.

The nourishment of shingle beaches was initially

performed with the material either being delivered by

road or by sea using bottom-opening barges. Shingle

is now also pumped directly onshore through float-

ing pipelines or by the ‘‘rainbow’’ method, where

material is pumped through a tube over the bow of a

dredger which itself is taken as close inshore as

possible and grounded. Shingle beach fill volumes

have ranged from as little as 2000 up to 1.5M m3 (at

Seaford in 1987). The primary sources of beach fill

for such schemes have been existing in offshore

extraction areas, originally developed by and

licensed to companies dredging for sand and gravel

for use in the construction industry.

As the number of beach fill schemes has in-

creased, alternative sources of inexpensive sediment

have been sought. Inland sources have included ‘‘as

dug’’ sand and gravel, i.e. with no sorting, gravel

that was not required by the construction industry

because it was too large or too small, and even

crushed rock. Although most nourishment schemes

have been on the ‘‘open coast’’, there have been

recent examples on muddy estuarial coastlines as

well (CIRIA, 1996b).

Some recent nourishment schemes rely on a

programme of regular recycling to preserve the

required beach levels, rather than control structures.

Shingle or sand is collected from the down-drift

end of the beach and returned to the up-drift coast.

In some cases, a single large ‘‘terminal groyne’’ has

been installed to facilitate these operations. It seems

likely that those type of ‘‘active’’ beach manage-

ment will become more common in the future as

finding supplies of sediment for recharge becomes

more difficult. A recent review of the methods used

in the UK is presented in the Beach Management

Manual (CIRIA, 1996a).

Once completed, beach nourishment schemes

have usually been monitored by regular beach

surveys, initially at short intervals but typically

reducing to six—monthly or annually after a few

years. Such surveys are carried out using land-

surveying methods, now including the use of

GPS, sometimes complemented by boat surveys of

the underwater beach profile. Aerial photogramme-

try is used to survey large areas. The changes in

beach profiles are analysed to calculate the total

volume of material lost, and this provides a simple

quantitative measure of the longevity (and costs) of

the scheme.

7.3. Legal and financial aspects

Coastal defence policy is set by the government,

and the ‘‘strategy for flood and coastal defence in

England and Wales’’ (Ministry of Agriculture, Fish-

eries and Food, 1993) provides a detailed view of the

policy framework. The stated aim of the policy is to

reduce the risks to people and the developed and

natural environment from flooding and erosion by

(1) encouraging the provision of adequate and cost

effective flood warning systems, (2) encouraging the

provision of adequate, technically, economically and

environmentally sound and sustainable flood and

coastal defence measures, and (3) discouraging inap-

propriate development in areas at risk from flooding

or coastal erosion.

Coastal protection in England, Scotland and Wales

may be carried out under the Coast Protection Act

(1949) by local government authorities. They are

required to consult over major construction or recon-

struction schemes with the environment agency,

neighbouring councils, conservation organisations,

harbour authorities, and fisheries bodies. Approvals

and/or licences may also be required from various

governmental departments and other bodies. The

department responsible for coastal defence in each

region will give ultimate approval and may assist

financially with a scheme. Landowners, railway own-

ers, highway, and harbour authorities may also under-

take coastal protection works. Such bodies must

normally consult the relevant coastal protection

authority before commencement of works.

Sea defence in England and Wales may be under-

taken by the environment agency who has the overall

supervisory powers to protect against flooding, under

the Water Resources Act (1991). Consent from the

appropriate governmental department is required to

obtain financial assistance from central funds, and there

is a statutory requirement to advertise any scheme and

to carry out an environmental impact assessment if
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appropriate. Sea defence works may also be undertaken

by councils or by internal drainage boards, under the

Land Drainage Act (1991), and owners may undertake

works on their own property. Sea defence works may

only be undertaken with the consent of the environ-

mental agency.

Funding for most coastal defence schemes comes

from the central government, the environmental

agency, and local government authorities. However,

schemes are sometimes undertaken by the coastal

landowners who will principally benefit from defen-

ces. In some cases, financial contributions to works

associated with coastal defence schemes may be

made by the European Regional Development Fund,

by special interest groups such as the Sports Council

or by charities, such as the National Lottery.

8. Beach fills in Denmark (DK)

The Danish coastline is 7400 km long. Roughly

speaking, there are three different types of coast: (1)

tidal coast protected by sea dykes, (2) highly ex-

posed North Sea coast, and (3) less exposed coasts

of the Baltic Sea and the Kattegat (Fig. 7). About

100 years ago, the dunes on the North Sea coast

were stabilised by marram grass planting. At the

same time, harbours and groin groups were built

which resulted in serious down-drift erosion. The

combined result of the stabilisation of the dunes and

the erosion was that in 1982, the dunes had dis-

appeared or were weak along 50 km of the coast. So

in 1982, it was decided to implement a coastal

protection scheme.

As a primary option, the dunes were reinforced.

Where that was not possible, a revetment was built

to protect the remaining dune. On highly exposed

stretches where erosion should be stopped, low

detached breakwaters were used in combination

with nourishment.

An increasing volume of nourishment has been

applied since 1982. In 1998, the total nourishment

volume on the North Sea coasts was 3.6M m3 and the

total volume applied since 1974 was 31M m3. On the

less exposed beaches of the Baltic Sea and the

Kattegat, only three beach fill projects have been

carried out with a total volume of 100,000 m3.

Appendix G lists the beach lengths and nourishment

volumes for projects where these numbers could be

established.

8.1. Project types and objectives

About 97% of the nourishment volume was ap-

plied on a stretch of the North Sea coast where dunes

protect the low hinterland against flooding. The back-

ground for this is the policy that was formulated in

1982. The headlines of this policy were (1) to rees-

tablish and maintain a safety level against flooding of

a minimum 100-year return period, (2) to stop the

erosion where towns are situated close to the beach,

and (3) to reduce erosion on parts of the coast where

erosion in the near future would reduce the safety

against flooding to less than 100 years.

The main design objectives of the individual

projects are coastal protection, dune reinforcement

and maintenance of a protective beach (Laustrup and

Madsen, 1994). The term ‘‘coastal protection’’ means

that the loss in sediment is replaced in order to stop

Fig. 7. Documented beach nourishment sites in Denmark.
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or reduce the general retreat of the coastal profile.

However, so far, only the losses above � 6 m have

been compensated. As could be expected, this has

led to the steepening of the profiles in general. If and

how far this steepening process will continue is

being studied at present. On stretches where the

dunes are weak, new dunes are built or the existing

dunes are reinforced. It is important to maintain a

beach with width and volume sufficient to protect

the dunes against erosion and to prevent erosion

below a critical level at the foot of a revetment. In

Denmark, there is no need to build wider beaches for

recreational purposes since the number and total

length of good quality beaches are high compared

to the number of potential users.

8.2. Execution, design and evaluation

The principal design parameters are the autonomous

erosion, the requested lifetime, and the effectiveness

factor of the nourishment sand. The calculation of the

autonomous erosion is based on a regression analysis

of the erosion in the different segments of the profiles.

On the North Sea coast, a storm with a return period of

1 year may lower the beach so much that the beach no

longer serves its purpose as a protective beach. Con-

sequently, the policy is to renourish the beach once a

year. If a larger volume is placed on the beach, it may

affect the quality of the beach in a negative way. Full-

scale tests have indicated that coastal protection of the

shoreface-part of the profile may be achieved with

nourishment projects with a lifetime in the order of 3

years.

The effectiveness of the nourishment sand is calcu-

lated using the renourishment factor (James, 1975).

The next step will be to account for a difference in

effectiveness as a consequence of initial losses due to

shaping, positioning, and volume of the nourishment.

The erosion between � 4 and � 6 is compensated by

shoreface nourishment. A buffer volume at the dune

foot is needed to prevent erosion in the dune. Sand to be

placed on the beach is pumped onshore through a

submerged pipeline. In some cases, the sand is pumped

over the bow by the ‘‘rainbow’’ method mentioned

above. Sand on the foreshore is placed either by dump-

ing or by pumping over the bow.

The evaluation of the nourishment is based on

surveys normally carried out annually at cross-shore

lines at a distance of 200 m. The general effect of

the nourishment program is evaluated using surveys

carried out every second year along the entire

North Sea coast. Here, the distance between the

lines is 1 km. The safety level of the dunes is

recalculated every 5 years by means of aerial

photogrammetry.

8.3. Legal and financial aspects

On the North Sea coast, the actual policy for safety

assessment and erosion control is established through

agreements between local authorities and the national

government based on Danish coastal authority recom-

mendations. The agreements are renegotiated every 5

years. The costs are shared between the government

and the local authorities. The government typically

pays 50–70%. In some stretches, the government

pays 100%.

In the Baltic Sea and Kattegat coasts, coastal

protection is regulated by an act passed in 1988.

According to this act, the counties are responsible

for the administration of coastal protection projects.

Since the counties do not have any coastal engineer-

ing expertise, the coastal authority provides assistance

at the planning stage and consulting firms provide

assistance at the project stage. The general practise is

that there is no public funding for coastal protection in

this region. Here, the individual landowners have to

cover all costs. The coastal authority is responsible for

issuing permits for coastal protection and other struc-

tures in the coastal zone.

9. Other countries

Of Belgium’s only 65 km of shoreline, 35 km are

protected by beaches in combination with seawalls, 3

km by breakwaters (coastal harbours) and the remain-

ing part by beaches and dunes. Modern, large-scale

beach fills were first carried out in 1968. Since then,

17.2M m3 of sand have been used on several locations

for over a total coastal length of 19.5 km. To com-

pensate for beach erosion down-drift of Zeebrugge

harbour, an initial fill of 8.5M m3 was placed over 8

km of beach in 1977–1979 (Kerchaert et al., 1986).

Since then, two smaller-scale refills were necessary in

1986 and 1998, respectively.
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In Greece, beach nourishment is not a common

practice to fight coastal erosion. The majority of the

projects are hard measures for coastal protection,

while there are a few cases of small-scale nourishment

combined with hard structures (jetties, groynes, etc.).

In these cases, the volume of supplied material is in

the order of a few thousands up to 10,000 m3.

In Ireland, there have only been two significant

beach nourishments since 1993 and very little prior to

this date. The largest of these was Rosslare Strand,

Wexford, which received an approximate quantity of

160,000 m3 of sand between 1994 and 1996. The

second case was Donabate Beach, Dublin, which was

nourished between 1993 and 1998 with a quantity of

approximately 75,000 m3 of sand/gravel material.

The first nourishment in Portugal was performed in

1950 at Estoril, near Lisbon, with the deployment of

15,000 m3 of sand. The first large-scale intervention

was done at Algarve involving about 0.9M m3 of sand.

Between 1950 and 1997, more than 29 fills were

recorded in 12 different sites, adding up to a total fill

volume of about 6.6M m3. About 2/3 of these volume

was placed along the Portuguese South coast (low to

moderate wave energy) with only about 170 km, as

compared to the 830 km of the West coast (high wave

energy).

In Sweden, beach nourishments are very unusual

for coastal protection. In these cases, the volume of

supplied material is in the order of a few thousands up

to 15,000 m3. In almost all coastal erosion cases,

revetments or groynes have been used.

Even though outside of Europe, the conditions in

the United States (US) will be very briefly described.

This is mainly because over the past 75 years, beach

nourishment has become the preferred alternative for

shore protection in the US. As a result, the US has

become the leading country in the world in terms of

experience, number of projects, as well as volumes

nourished (Basco, 1999). Here, for beach nourishment

projects jointly funded by the federal government

(through the Corps of Engineers) and the local sponsor

(State and/or County government), the only benefit

that can be legally calculated to the benefit/cost ratio is

the structural damage mitigation benefit of widened

beaches (IWR, 1996; Basco, personal communica-

tion). The storm damage reduction is evaluated using

numerical models for a set of design storm events.

Thus, focus is more directed towards the protective

function of the beach rather than on the beach system

itself. Other ‘‘benefits’’ cannot be included in federal

projects to calculate the B/C ratio at this time. Each

site-specific case in the US is evaluated separately and

must meet its own test of whether or not the benefits

exceed the costs. There is, however, a large backlog in

the Corps of Engineers projects with B/C>1 but still

not funded due to political and budget reasons. Thus,

a beach management plan for the entire US is badly

needed. As a result of this, some states, especially

Florida, have established their own separate funding

sources for beach nourishment projects whenever and

wherever it makes economic sense to do so in the long

run. They do not wait for the joint project of the

federal government and the Corps of Engineers.

10. Comparative results

10.1. Rates and volumes

There are big differences in nourishment rates and

volumes between the investigated countries. Table 1

shows the number of fills, fill rates and volumes for the

Table 1

Beach fill numbers, rates and volumes

Country

(year started)

Total

volume

(106 m3)

Number

of fills

Number

of sites

Average

volume/fill

(103 m3)

Average

volume/site

(106 m3)

Fills/site

FR (1962) 12 115 26 104 0.5 4.4

IT (1969) 15 36 36 420 0.4 1

DE (1951) 50 130 60 385 0.8 2.1

NL (1970) 110 150 30 733 3.7 5

ES (1985) 110 600 400 183 0.3 1.5

UK (1954) 20 35 32 570 0.6 1.1

DK (1974) 31 118 13 263 2.4 9.1
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respective countries together with the year when mod-

ern beach nourishments were introduced on a more

regular basis. Spain and the Netherlands are by far the

biggest nourishing countries in Europe. The most

distinguishing difference between the two is that the

sand in the Netherlands is placed on relatively few

locations, while in Spain, the sand is portioned out over

a large number of smaller sites.

Table 2 shows the present annual fill rates for these

countries and estimates of corresponding values for

some other countries around the world. Thus, the total

annual rate of the European countries adds up to about

28M m3, which is about the same volume as that for

the federal projects in the USA, i.e. where the US

Army Corps of Engineers are involved. In the USA,

there is an estimated additional 20–30M m3 per year,

if projects funded by the State, local governments, and

private interests are included.

Looking a bit more on detail reveals a number of

interesting features. Table 3 shows estimates of

national average values on beach nourishment-related

parameters for Europe and the US, where Y= number

of years of modern beach fills (except for NL where

only the period after adopting the dynamic preserva-

tion policy is considered); V= total fill volume over

these years (106 m3); LN= km of beach subject to

beach nourishment out of the total km of sandy

beaches (km) (here, each specific beach section counts

only once even though it may have been nourished

many times); LP= total length of all nourishment

projects summed up (km) (here, the length of every

beach nourishment is counted even if many of them

are on the same beach); LS = total length of soft (sand

or gravel) material boundary of the entire country

(km); AVN= annual fill volume (m3/m/year) per m of

beach nourishment =V/LN/Y; AVP= average unit vol-

ume (m3/m) for all fill projects =V/LP; AVS= annual

fill volume per km of total length of sandy beach =V/

LS/Y; ANF= average number of fills on a particular

project site = LP/LN; ARI = average renourishment

interval (years) = Y/ANF; RUV= range of unit vol-

umes (m3/m) for each fill project.

The most striking variation between the countries

is the length of coast subject to nourishment (LN)

relative to the total length of soft coastline (LS). In

Table 2

Annual fill rates for selected countries

Country Annual fill

(106 m3/year)

Country Annual fill

(106 m3/year)

FR 0.7 UK 4

IT 1 DK 3

DE 3 Japana 5

NL 6 South Africaa 5

ES 10 Australiaa 1

USA (Federal)a 30

a Approximate numbers based on oral information from a large

number of initiated persons.

Table 3

National average values on beach nourishment-related parameters

Item FR IT DE NLa ES UK DK USAb

Y= number of years of fills 33 37 48 10 13 44 24 46

V= total fill volume (106 m3) 12 15 50 60.2 110 20 31 144

LN= length of coastline subject to nourishment (km) 35 73 128 152 200 n/a 80 350

LP= total length of all nourishment projects (km) 190 85 313 291 525 n/a 515 n/a

LS = total length of soft (sand and gravel) coastline (km) 1960 3620 602 292 1760 3670 500 61,400

AVN= annual fill volume per m of coastline subject to

nourishment (m3/m/year) =V/LN/Y

10.4 5.6 10 39.6 42.3 n/a 16 9

AVP= average unit volume for all projects (m3/m) =V/LP 63 176 210 207 210 n/a 60 n/a

AVS= annual fill volume per m of total length of soft

coastline (m3/m/year) =V/LS/Y

0.19 0.11 1.7 20.6 4.8 n/a 2.6 0.05

ANF= average number of fills on a particular

project site = LP/LN

5.4 1.2 2.4 1.9 2.6 n/a 6.4 n/a

ARI = average renourishment interval (years) = Y/ANF 6.1 31.8 19.6 5.2 4.9 n/a 3.7 n/a

LN/LS (%) 1.8 2.0 21.3 52.1 11.4 n/a 16 0.6

RUV= range of unit volumes for individual projects (m3/m) 3.3–400 19–511 30–500 31–596 70–450 n/a 10–100 n/a

a Only for the period 1991–2000 (after adoption of National Dynamic Preservation policy).
b Only Corps of Engineers projects, Alaska not included.
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NL, more than half (52.1%) of the soft coastline is

subject to nourishment whereas in the US, it is less

than 1% (0.6%). In other countries in Europe, FR

and IT also show low numbers, indicating little

nourishment activity and long soft coastlines. With

regard to the AVN values, NL and ES fill on an

average about 40 m3/year along coastlines subject to

nourishment whereas other countries fill around 10

m3/year (no value for UK). This could indicate that

NL and ES are losing more of their fills or that they

are more persistent in compensating all losses of

material. A similar picture is shown in the ARI

values, where the average return interval in NL

and ES, together with FR and DK, is about 5 years,

whereas the corresponding numbers for the other

countries are around 25. As opposed to NL and

ES, however, FR and DK fill less in each project as

indicated by their lower AVP values. All countries

studied show a very wide range of unit volumes for

individual projects.

10.2. Design parameters

Tables 4 and 5 show an attempt to classify the

design parameters taken into account in the respec-

tive countries. Table 4 indicates the wave- and sedi-

ment-related conditions that are included in the

design process, where the parameters listed are

storm = storm surge levels, QL= longshore sediment

transport rates, run-up = run-up levels, DC = depth of

closure, waves =wave height (and direction), sed.

dist. = spatial distribution of sediment grain size,

and aeolian transp. = losses of sediment due to aeo-

lian transport. Table 5 shows the fill properties and

procedures that are explicitly taken into account in

the nourishment design, where HB = berm height,

WB = berm width, overfill = the use of overfills,

vol./m = volume of fill per m of beach, transi-

tion = the use of transitions at the lateral ends, DB/

DN = grain size of borrow material relative to the

natural sediment grain size, structures = the use of

supporting structures, ren. period = calculated renour-

ishment period, follow-up = the use of follow-up

programs, and perf. eval. = the use of performance

evaluation programs.

11. Overall conclusions and discussion

Over the last decades, there has been a gradual

change from hard to soft coastal defence techni-

ques. Periodic artificial nourishment is widely

regarded today as an environmentally acceptable

method of beach and dune protection and restora-

tion for short-term urgencies (viz. storm-induced

erosion) as well as long-term issues (i.e. structural

erosion and relative sea-level rise). The present

paper highlights the fact that such tendency is

neither easy to sustain nor well established. It also

Table 5

Design elements in the respective countries

Element FR IT DE NL ES UK DK

HB Y Y Y Y Y Y Y

WB Y Y Y Y Y N

Overfill Y Y N Y N N N

Vol./m Y Y Y Y Y Y

Transition N Y Y Y Y N

DB/DN >1 1 >1 1 >1 1a >1

Structures Y Y N N Y/N Y Na

Ren. period

(year)

N N 5–7 5 n/a N

Follow-up N N Y Y Y/N Y/N Y

Perf. eval. N N Y/N Y N Y/N Y

HB = berm height; WB = berm width; overfill = the use of overfills;

vol./m = volume of fill per m of beach; transition = the use of tran-

sitions at the lateral ends; DB/DN = grain size of borrow material

relative to the natural sediment grain size; structures = the use of

supporting structures; ren. period = calculated renourishment period;

follow-up = the use of follow-up programs; perf. eval. = the use of

performance evaluation programs.
a For sandy beaches only. For shingle beaches often < 1.

Table 4

Design considerations for coastline maintenance in the respective

countries (Y= yes, N = no)

Parameter FR IT DE NL ES UK DK

Storm Y Y Y Na N Y Na

QL Y Y Y N Y Y N

Run-up Y N N Na N Y Na

DC Y N N N Y N Y

Waves Y Y Na Y Y N

Sed. dist. Y N Na Y Y N

Aeolian transp. N Y N N N N

a Considered for safety nourishment, not for coastline manage-

ment.
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highlights the fact that a large variety of situations

and experiences exist in Europe.

Parameters used in the design process are sum-

marised and compared. However, they are hard to

evaluate, as they still only present which parameters

are taken into account and not how. Countries, such

as Italy, that consider more parameters may seem to

perform a more thorough design than others do.

However, it could also indicate that these countries

improvise more from case to case than others, such

as the Netherlands, which has a more consistent

design. Also, the number of parameters that needs

to be taken into account certainly reflects the degree

of varying conditions from site to site, which is of

course smaller in the Netherlands than in Italy or

France.

11.1. Beach fill practice

There are—as expected—significant differences

between the investigated European countries regard-

ing (1) engineering methods and evaluation proce-

dures, (2) overall coastal management strategies

(which are very developed in some countries and

virtually nonexistent in others), and (3) legal and

financial frameworks. The following more specific

remarks can be made concerning the different

national characteristics:

– NL and DK are the only countries that have a

serious overall performance evaluation program

integrated into their legal framework.

– NL, DE, DK, and UK have developed a long-

term strategy for actions along the coast and the

three former are also implementing thorough

follow-up programs.

– ES has a fairly well-developed organization and a

long-term philosophy for their actions but

anticipates running into problems of finding

suitable borrow areas in the near future.

– ES, IT, and FR all apply a strategy of remedial

rather than preventive measures and seem to

suffer from a lack of overall long-term strategy,

coastal management, regular monitoring of the

coastline, as well as a comprehensive survey of

available borrow areas.

– IT and FR suffer from lack of financial support for

regular renourishments.

– IT experiences unclear commitments and sharing of

responsibilities between the Ministry of Environ-

ment and the Ministry of Public Works.

– All investigated countries foresee a continued

transfer from hard to soft measures and regard

beach nourishments as an effective means of

coastline preservation.

– Annual fill volume per m of coastline subject to

nourishment is considerably higher in NL and ES

(around 40 m3/m/year) than in the other countries

(around 10 m3/m/year).

– The average renourishment interval is considerably

longer in IT and DE (around 25 years) than in the

other countries (around 5 years).

– Nourishments are expected to continue over foresee-

able future in all participating countries.

The present study shows that it would be very

profitable for south European countries to learn

about the north European practices, particularly

regarding the long-term coastal management and

the regular monitoring of the coastal morphology.

On the other hand, the recent Dutch experience has

shown that their legal system is a bit rigid leading

sometimes to almost automatic local renourishments

that, strictly speaking, are unnecessary in reaching

the global objective. Fortunately, they still serve to

preserve the coastline of a wider area (Roelse, 1996).

The UK experience of beach nourishment using

mixed sediments, including gravel, may be of inter-

est elsewhere in Europe.

In conclusion, the countries in Europe have a lot

to give and take from one another regarding beach

nourishment policy, strategy, and methodology.

Even though controlling conditions are quite differ-

ent between countries, it would be very beneficial

to establish a European strategy and a European

methodology for beach nourishments.

Even though the European countries that do have a

nourishment strategy have quite different policies, they

all seem to be based on an inherent beach property

whether it is beach volume, dry beach width or shore-

line location. As a contrast and brief comparison, the

conditions in the US are quite different. There, beach

nourishments are mainly motivated from a storm

damage-reduction benefit perspective, even though

recreation benefits are also considered. Thus, focus is

more directed towards the protective function of the
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beach system rather than on the beach system itself.

The US system seems more dynamic and flexible in

that it is more adaptable to local and varying condi-

tions, whereas the European systems are more rigid.

On the other hand, the simpler rules in some European

countries are easier to implement on a wider scale,

which in the long-term perspective may be more cost-

effective.
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Appendix A. Details on selected German sites

A.1. Location: sylt

The main aim: erosion control for prevention of

under scour at 3-km long stretch of embankments.

Hard structures: seawalls and revetments. Dredgers:

trailing hopper (1984) and suction hopper (since

1990). Dumping distances: 2000 m (1000-m sinker

line from hopper to shore and 1000 m along beach).

Design support method: conclusions from detailed

monitoring of previous fills. Performance: satisfac-

tory.

A.2. Location: Island of Norderney/North Sea

Aim: from 1855 to 1950, revetments in combina-

tion with 30 groynes, extending nowadays to over 6

km were built in order to protect a resort village

behind the dunes. The retreat of the shoreline could

be stopped but not the erosion of the beach within the

groins. In 1950, a task force concluded that a beach

raised above MHW at the toe of the revetment would

be the best security measure for the structure. An

initial fill of 1.25M m3 (approximately 200 m3/m) was

recommended; furthermore, a yearly replenishment of

90,000 m3 is to be replaced by refills in 5–10-year

intervals. This was the beginning of active coastal

protection in Germany. In over 42 years (1952–1994),

a total of 4.3M m3 of sand were dumped on the beach.

This is equivalent to an average yearly fill rate of

80,000 m3 for the first three decades and 165,000 m3

for the last decade (1984–1994). The increase can be

directly related to an increase in storm surge fre-

quency.

Stationary dredgers: cutter (1976–1984) and suc-

tion (since 1989). Dumping distance (sinker line

from dredger to beach): 800–2800 m. Daily dump-

ing rate: 15,000–30,000 m3. Design support method:

analysis of a minimum profile equivalent to a mini-

mum volume of 50 m3/m above MLW in front of the

structure. Below this volume, the risks of structural

damages increase. Performance: satisfactory related

to current efforts; refill interval is unpredictable

because it is dependent on storm surge frequency.

High initial losses from fill volume of more than

200–70 m3/m within 1 to 2 years were experienced.

Optimization of losses without supporting measures

at the seaward groin limit (e.g. underwater sills in

order to translate the groin fields in closed units) to

reduce continuous sand losses during normal tides

resp. only slightly raised water levels into a deep

tidal gully extending along the groin heads less

promising.
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Table A.1

Basic information on nourishments on Sylt

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50 native/

borrow

(mm)

Fill type Purpose/

problem

Borrow

site

Supporting

measure

% remaining/

no. of years

Westerland 1972 900 1000 1100 0.35/0.44a Spit Increase berm

elevation

Terrestrial – 25/6

1978 1690 1000 590 0.35/0.44a Linear fill Increase berm

elevation

Terrestrial – 17/6

1984 1390 1030 740 0.35/0.35 Girland Increase berm

elevation

Offshore – 33/6

1990 1490 1200 805 0.35/0.35 Girland Increase berm

elevation

Offshore – 50/3

1996 2140 745 350 0.35/0.50 Flat spit Increase berm

elevation

Offshore – n/a

Northern part 1985 4805 1975 410 0.29/0.50 High berm Recession

prevention

Offshore – 15/5

1990 1900 990 520 0.29/0.40 Lower berm Offshore – 50/2

1987 520 300 580 0.29/0.54 Spit Housing

protection

Offshore Geotextile

barrier

n/aa

1996 1150 240 210 0.29/0.51 Bar Supp. sand

bag bar

Offshore Artificial

bar

n/a

Southern part 1984 1840 320 175 0.38/0.29 Berm Recession

prevention

Offshore – 10/3

1987 2880 1440 500 0.38/0.42 Berm Recession

prevention

Offshore – 25/3

1996 2940 400 135 0.38/0.51 Berm Recession

prevention

Offshore – n/a

n/a = not available.
a Thirty percent losses in fines (D50 < 0.20 mm) during dumping (not included in fill volume list).

Table A.2

Basic information on nourishments in Norderney and East Frisean Islands

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50 native/

borrow

(mm)

Fill

type

Purpose/

problem

Borrow site Supporting

measure

% remaining/

no. of years

Norderney and

East Frisean Islands

1951–1952 6000 1250 200 0.21/0.11 Berm Filling groin

field

Wadden area – 5/16

1967 2000 240 120 0.21/0.20 Berm Filling groin

field

Foreshore – 7/9

1976 1000 400 400 0.21/0.20 Berm Filling groin

field

Tidal shoal – 7/6

1982 1500 470 310 0.21/0.20 Berm Filling groin

field

Tidal shoal – 10/2

1984 1700 410 240 0.21/0.20 Berm Filling groin

field

Tidal shoal – 18/5

1989 1800 450 250 0.21/0.17 Berm Filling groin

field

Tidal shoal – 24/3

1992 2100 500 240 0.21/0.20 Berm Filling groin

field

Tidal shoal – 24/2

1994 1300 320 250 0.21/0.20 Berm Filling groin

field

Tidal shoal – n/a

n/a = not available.
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Appendix B. Details on selected Italian sites

Table B.2

Inventory of nourished beaches along the Thyrrenian coast in Italy (1991–1997)

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50

native/

borrow

(mm)

Fill

type

Purpose/

problem

Borrow

site

Supporting

measure

Performance/

lifetime

S. Margherita

di Caorle

1991 1600 130 81 0.18/0.13 n/a n/a From land Groins +

submerged

barrier

n/a

Land Sourcellino 1996 11,000 2000 182 0.19/0.22 n/a n/a Dredging 32 groins +

submerged

barrier

n/a

Isola di Pellestrina 1995–1997 9000 4600 511 0.19/0.22 n/a n/a Dredging 18 groins +

submerged

barrier

n/a

Porto Corsini–

Casal BorsettI

1988–1993 600 350 140 n/a n/a n/a From land 10 groins +

submerged

barrier

n/a

(continued on next page)

Table B.1

Inventory of nourished beaches along the Adriatic coast in Italy (1968–1997)

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50

native/

borrow

(mm)

Fill

type

Purpose/

problem

Borrow

site

Supporting

measure

Performance/

lifetime

Borgo Prino 1968–1969 600 50 83 n/a n/a n/a n/a – n/a

Bergeggi 1970–1973 n/a 2000 +

10/year

n/a n/a n/a n/a n/a – n/a

Pietra Ligure 1971–1972 500 45 90 n/a n/a n/a From land – n/a

Lavagna 1972 500 80 160 n/a n/a n/a Bypass Two groins n/a

Porto Canale

di Viareggio

1980–1985 1500 400 267 n/a n/a n/a Bypass – n/a

Le Gorette 1990 2500 74 30 n/a n/a n/a From land Six groins +

submerged barrier

n/a

Cecina Mare 1987–1991 1433 155 108 n/a n/a n/a From land Four groins +

submerged barrier

n/a

Ostia 1990 3000 1400 467 n/a n/a n/a From land Submerged barrier n/a

Nettuno 1970 3500 310 89 n/a n/a n/a Bypass – n/a

Terracina 1993 9000 500 56 n/a n/a n/a Dredging Seven groins +

submerged barrier

n/a

S. Felice Circeo 1995–1997 5000 2000 400 n/a n/a n/a From land Submerged barrier n/a

Sabaudia 1988–1991 n/a 250 n/a n/a n/a n/a n/a – n/a

Formia 1991 1200 200 167 n/a n/a n/a From land One groin +

submerged barrier

n/a

Minturno-Scauri n/a n/a 100 n/a n/a n/a n/a n/a One groin +

submerged barrier

n/a

Paola S. Lucido 1993 5700 1100 193 – /0.35 n/a n/a Dredging 18 groins +

submerged barrier

n/a

Cala Gonone 1994–1997 1700 170 100 n/a n/a n/a From land – n/a

n/a = not available.
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Table B.2 (continued )

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50

native/

borrow

(mm)

Fill

type

Purpose/

problem

Borrow

site

Supporting

measure

Performance/

lifetime

Lido Dante–

Marina di

Ravenna

1988–1991 4500 900 200 n/a n/a n/a From land 17 groins n/a

Foce Fiume

Savio

1988–1991 2500 350 167 n/a n/a n/a From land 25 groins n/a

Cesenatico 1984 800 65 +

10/year

81 n/a n/a n/a From land Two groins +

submerged

barrier

n/a

Riccione 1986 1000 75 75 n/a n/a n/a From land Submerged

barrier

n/a

Misano (FO) 1984 1600 180 113 n/a n/a n/a From land 26 groins +

submerged

barrier

n/a

Fiume Esino–

Fosso Rubiano

(AN)

1984 680 n/a n/a n/a n/a n/a n/a Three groins +

submerged

barrier

n/a

Porto Recanatin

(MC)

1983–1984 700 16 23 0.14/0.20 n/a n/a From land Two groins +

submerged

barrier

n/a

Grotta Sea area

(AP)

1983–1984 1200 23 19 0.1/1.0 n/a n/a From land Six groins +

submerged

barrier

n/a

S. Benedetto

del Tronton

1984 550 31 56 n/a/1.0 n/a n/a From land Three groins +

submerged

barrier

n/a

n/a = not available.

Appendix C. Details on selected Dutch sites

Table C.1

Selected nourished beaches along the Dutch coast

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50 native/

borrow

(mm)

Fill type Purpose/

problem

Borrow

site

Support Lifetime

Ameland-

midden

1980 6000 2200 367 0.16/0.18 Seaward dune

enforcement

Safety Channel

maintenance

– 8

Westerpad-Jan

Sietzepad

1990 4600 970 211 0.16/0.19 Seaward dune

enforcement

Safety Sea bottom – n/a

Ameland-

midden

1992 1300 230 177 0.16/0.19 Dune enforcement Safety Sea bottom – 5

Ameland-

midden

1992 8100 1442 178 0.16/0.20 Beach nourishment Coastline

preservation

Sea bottom – 5

Eierland 1979 5600 3089 552 0.16/0.20 Beach nourishment Safety Sea bottom – 5

De Koog 1984 5870 3021 515 0.20/0.19 Beach nourishment Safety Sea bottom – 10

Eierland 1985 5000 2849 570 0.20/0.18 Beach nourishment Safety Sea bottom – 5

Eierland 1990 5010 2543 508 0.20/0.18 Beach nourishment Safety Sea bottom – 3
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Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50 native/

borrow

(mm)

Fill type Purpose/

problem

Borrow

site

Support Lifetime

De Koog 1991 5270 2009 381 0.20/0.30 Beach

nourishment

Coastline

preservation

Sea bottom – 5

Eierland 1994 2800 1331 475 0.21/0.30 Beach

nourishment

Coastline

preservation

Sea bottom – 5

Callantsoog 1976 775 342 441 0.20/n/a Dune

enforcement

Safety Sea bottom – 10

Callantsoog 1979 1650 470 285 0.25/0.18 Dune

enforcement

Safety Sea bottom – 10

Callantsoog 1986 2900 1242 428 0.25/0.18 Beach

nourishment

Safety Sea bottom – 15

Callantsoog 1986 300 78 260 0.25/0.27 Dune

enforcement

Safety Sea bottom – 15

Zwanenwater 1987 4345 1746 402 0.25/0.27 Beach

nourishment

Safety Sea bottom – 15

Zwanenwater 1987 3140 168 54 0.25/0.27 Dune

enforcement

Safety Sea bottom – 15

n/a = not available.

Table C.1 (continued )

Table C.2

Selected nourished beaches along the Dutch coast

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50 native/

borrow

(mm)

Fill type Purpose/

problem

Borrow

site

Support Lifetime

Callantsoog 1991 3000 538 179 0.25/0.27 Beach

nourishment

Coastline

preservation

Sea bottom – 5

Petten 1991 2180 371 170 0.22/0.30 Beach

nourishment

Coastline

preservation

Sea bottom – 5

Den Helder 1992 6500 615 95 0.22/0.30 Beach

nourishment

Coastline

preservation

Sea bottom – 5

Den Helder 1993 2400 280 117 0.24/0.30 Beach

nourishment

Coastline

preservation

Sea bottom – 5

Kop van

Schouwen

1987 2400 1974 823 0.24/0.30 Beach

nourishment

n/a Channel

maintenance

– 5

Westenschouwen 1991 5430 2672 492 0.22/0.22 Beach

nourishment

Coastline

preservation

Channel

maintenance

– n/a

Westkapelle-

Joossesweg

1984 810 90 111 n/a/0.21 Seaward dune

enforcement

Safety Channel

maintenance

– n/a

Boerenhof 1988 990 230 232 n/a Beach

nourishment

n/a Channel

maintenance

– n/a

Joossesweg 1988 290 75 259 n/a Seaward dune

enforcement

n/a Channel

maintenance

– n/a

Zoutelande 1988 1000 153 153 n/a Seaward dune

enforcement

n/a Channel

maintenance

– n/a

Westkapelle-

Zoutelande

1990 1292 105 81 n/a Beach

nourishment

Safety Channel

maintenance

– n/a

Westkapelle-

Zoutelande

1991 4100 788 192 n/a Beach

nourishment

Coastline

preservation

Channel

maintenance

– n/a

Zoutelande-

Vijgeter

1992 1900 192 101 n/a Beach

nourishment

Coastline

preservation

Channel

maintenance

– n/a

n/a = not available.
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Table D.1

Inventory of nourished beaches along the Atlantic coast of France (1962–1995)

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50 native/

borrow

(mm)

Fill

type

Purpose/

problem

Borrow

site

Supporting

measure

Performance

Malo

les Bains

1978 600 200 333 0.2/0.5 Beach n/a Dredged Two

breakwaters

Nourishment

only in

the area

protected

by BW

Malo

les Bains

1988 500 160 320 0.2/0.5 Beach n/a Dredged Three

breakwaters

n/a

Bas-Champs 1969/1994 4000 900 9 n/a/shingle Beach n/a Beach 51 groynes Effective

development

of 4 km

Criel 1979/1994 500 150 20 n/a/shingle Beach n/a Beach Five

groynes

Beach in

critical state

Moulin

Blanc-Brest

1978 900 160 180 n/a Beach n/a Dredged One

groyne

Profile

maintained

between 1978

and 1983

La Noveillard-

Pornic

1972 200 40 200 n/a Beach n/a Dredged Two

groynes

Satisfactory

Plage des

Dames

1996 200 8 40 n/a Beach n/a Marine Timber

blocks

n/a

Fromentine 1989 500 50 100 0.24/45 Beach n/a n/a Wooden

fences +

plants

11,500 m3 lost

since 1989

La Rochelle/

les Minimes

1967 300 n/a n/a n/a/0.77 Beach n/a Dredged Two

groynes

Beach is still

in place

Chatelaillon

Plage

1989–1991 1000 350 350 0.15 Beach n/a Marine One

groyne

Sand losses

are tailing off

Bourcefranc 1993 1250 117 93 n/a/0.31 Beach n/a Dredged Four

groynes

built before

Maximum

elevation

of 2.4 m

Arcachon west

coast

1976/1991 1500 526 23 n/a Beach n/a Dredged – Renourishment

every year

Arcachon north

coast

1978/91 800 101 10 n/a Beach n/a Dredged – n/a

Anglet-Bayonne 1974/92 1200 8200 380 n/a/0.22 Shore-face n/a Dredged Six

groynes

1980 shallow

water

nourishment,

very positive

Saint-Jean-

de-Luz

1971–73 750 80 107 0.33/n/a Beach n/a Beach Two groynes +

two

breakwaters

The sand

supplied

has been

washed away

n/a = not available.

Appendix D. Details on selected French sites
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Appendix E. Details on selected Spanish sites

Table E.1

Selected nourished beaches along the Mediterranean coast of Spain

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50 native/

borrow

(mm)

Fill

type

Purpose/

problem

Borrow

site

Supporting

measure

Performance

Algarrobo

Beach,

Málaga

1990 600 145 241 n/a Berm Delta recession n/a n/a n/a

(continued on next page)

Table D.2

Inventory of nourished beaches along the Mediterranean coast of France (1962–1995)

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50

native/

borrow

(mm)

Fill

type

Purpose/

problem

Borrow

site

Supporting

measure

Performance

Barcarès Plage

Nord

1982–1983 n/a 16 n/a n/a Beach n/a Beach None Erosion stabilised

after nourishment

Les Orpellières 1984–1985 800 4 5 n/a Dune n/a Beach Wooden fences +

plants

Local beach

widening; general

nourishment

Maguelonne 1986–1990 11,000 37 3.3 n/a Dune n/a Beach Wooden fences +

plants

Scheme resisted

storms well

La Gracieuse 1988–1993 4000 50 12.5 0.18/n/a Dune n/a Beach Wooden fences +

plants

The spit is

no longer

submerged

Le Prado 1975–1990 1300 150 115 n/a Beach n/a Terrestrial Three breakwaters No additional supply;

redistributed before

summer

La Ciotat 1975–1977 700 31 44 n/a Beach n/a Terrestrial Two groynes +

two breakwaters

Ridge redistributed

before summer;

sand accumulated

Le Mourillon 1977 1000 50 50 n/a Beach n/a n/a Two breakwaters +

submerged

breakwater

n/a

Fréjus-Saint

Aygulf

1989 500 200 400 n/a Beach n/a Dredged Three breakwaters 10 times

more bathers

can be

accommodated

Cavalaire 1968/1971 300 50 55 0.2/n/a Beach n/a Dredged Three groynes Deposition on

another beach:

material not

blocked

La Croisette 1962–1964 1040 125 120 0.25/n/a Beach n/a Terrestrial Three groynes 1st maintenance

resupply (2400 m3)

in 1989

Le Larvotto 1965–1967 450 80 180 n/a Beach n/a Terrestrial Three breakwaters 5000 m3 placed in

30 years + transfers

n/a = not available.
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Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50 native/

borrow

(mm)

Fill

type

Purpose/

problem

Borrow

site

Supporting

measure

Performance

Torrox Beach,

Malaga

1991 1700 476 280 n/a Berm Eroding dunes

with houses

n/a n/a � 11�103

m3/year

Fuengirola

Beach,

Málaga

1990 700 1200 1714 n/a Berm Erosion

harbour

n/a n/a n/a

Carihuela

Beach,

Málaga

1990 1500 415 276 n/a Berm Eroding beach

with houses

n/a n/a n/a

Malagueta

Beach,

Málaga

1990 2500 1700 680 n/a/0.4–0.6 Berm Eroding beach

with houses

Offshore,

25 m depth

Detached

breakwater

� 34� 103

m3/year

Marbella

Beach,

Málaga

1991 4200 1000 238 n/a Berm Erosion

harbour

n/a n/a n/a

Poniente,

Benidorm

1991 2200 700 318 n/a Berm n/a n/a n/a n/a

n/a = not available.

Table E.1 (continued )

Table E.2

Selected nourished beaches along the Atlantic coast of Spain

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50

native/borrow

(mm)

Fill

type

Purpose/

problem

Borrow

site

Supporting

measure

Performance

Castro Urdiales

Beach,

Santander

1988 600 326 543 n/a/0.1–0.8 Berm New beach n/a n/a n/a

Oran Beach,

La Coruña

1989 1450 510 352 n/a/>1 Berm Widen slowly

eroding beach

n/a n/a n/a

San Cosme,

Lugo

n/a 1000 400 400 variable Berm Erosion

harbour

n/a n/a n/a

La Antilla

Beach,

Huelva

1984 2500 400 160 n/a Berm Widen eroding

Beach

n/a n/a n/a

Zurriola,

Guipuzcoa

1995 850 1100 1294 n/a/0.33 Berm New beach Sea

bottom

15 km

Groin � 30� 103

m3/year

n/a = not available.

Appendix F. Details on selected sites in the United Kingdom

Table F.1

Inventory of nourished beaches along the coast of United Kingdom (1972–1998)

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50

native/borrow

(mm)

Fill

type

Purpose/

problem

Borrow

site

Supporting

measure

Performance

Portobello 1972 1500 160 120 n/a/1.35 Bay Reaction Dredged

(nearshore)

Six groynes 80% left

by 1988
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G.1. Location: Lønstrup

A 1.1-km stretch with a village on top of a 25-m

high sand/clay cliff. The average coastal retreat rate is

1.4 m/year. The initiation of the coastal protection

scheme was an increasing risk for a number of the

houses. During a storm in 1981, 5–15 m of the cliff

was eroded which accelerated the final decision. The

objective of the project was to stop the retreat of the

cliff instantaneously and to maintain this situation in

the future.

An initial beach nourishment of 58,000 m3 was

performed in 1983 (53 m3/m) in front of a revetment

built in 1982. In the following years, renourishment

projects of about 20,000 m3 (18 m3/m) per year were

implemented. The average D50 was 0.315 mm. The

height of the beach today is the same as in the initial

situation, which means that the average annual losses

are equal to the average annual nourishment, in agree-

ment with the projections estimated in the design

phase (Laustrup and Madsen, 1994).

Prefill monitoring comprised profiles from cliff

top to about 20 m depth with an interval of about

1 km measured at least every second year since

1970. Postfill monitoring was performed since

1983, after which the beach has been surveyed

four times per year at lines with a mutual distance

of 25 m. In the same period, a bathymetric survey

with a line interval of 100 m has been carried out

every year.

G.2. Location: Fjaltring–Torsminde

The project site is located on the lee side of a large

groyne system with an average coastal retreat rate of

about 10 m/year. A part of the stretch is a narrow land

spit with a potential breach risk. The background for

the different coastal protection schemes carried out

since the late 1970s was the erosion risk for some

houses and farms and the breach risk for the sand dike

on the land spit. The objective of the project was to

stop the coastal retreat. Nourishment projects with

increasing volumes have been implemented since the

early 1980s. In the period 1993–1996, an EU-spon-

sored program with the objective of comparing a

beach with a shoreface nourishment was implemented

on the stretch.

In 1997 and 1998, a 2-Mm3 shoreface nourish-

ment was carried out at 5–6 m depth on the outer

bar (400 m3/m). The average D50 was 0.4 mm.

Initial and further losses have not been analysed

yet. A large number of bathymetric surveys have

been carried out on the stretch since 1938 giving a

detailed picture of the natural development prior to

the project. Postfill monitoring was performed

through bathymetric surveys and sediment sampling

every 2 months in lines with a mutual distance of

200 m.

Table F.1 (continued )

Location Year Length

(m)

Volume

(103 m3)

Unit

volume

(m3/m)

D50

native/borrow

(mm)

Fill

type

Purpose/

problem

Borrow

site

Supporting

measure

Performance

Portobello 1988 1500 100 67 n/a/1.35 Bay Top up Dredged

(nearshore)

Six groynes n/a

Seaford 1987 1450 2500 580 n/a/ < 1.0 Linear Reaction Dredged

(offshore)

Terminal

groyne and

recycling

>100% left after

10 years

Hurst spit 1996 3000 300 100 n/a/1.0 Linear Reaction Dredged

(nearshore)

Recycling n/a

Sand Bay 1983/84 2200 320 145 n/a/>1 Linear Reaction Dredged

(offshore)

Sand fencing No loss after

7 years and

little since then

Mablethorpe

Skegness

1996/1998 24,000 7500 312 n/a/0.3 Linear Reaction Dredged

(offshore)

n/a n/a

n/a = not available.

Appendix G. Details on selected Danish sites
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Dette, H.H., Gärtner, J., 1987. Erfahrungen mit der Versuchssand-

vorspülung vor Hörnum im Jahre 1983. Die Küste, Heft 45 (in
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