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1. GENERAL DESCRIPTION OF THE AREA

The Rhone delta is located on the north-western coast of the Mediterranean, at about
latitude 43°30 N. The deltaic plain covers an area of 1,740 km2 and is situated downstream
of an extensive catchment area (95,500 km=2).

1.1 Physical process level

1.1.1 Classification

> General: deltaic sandy coast
> CORINE: beaches
> Coastal guide: coastal plain.

The coast of the Rhone delta has a lobate shape, characteristic of wave-dominated deltas in
the classification of Galloway. The total coastline length is 90 km, of which 85% is equipped
with coastal protection.
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Fig. 1: Site location.

1.1.2 Geology

The Rhone delta has been built up over the last 7,000 years by the progradation of several
lobes associated with wandering river channels. The western lobe (Saint Ferréol system) is
the oldest (4,000-1,500 yrs BP), while the Eastern lobe (Bras de Fer and Roustan system)
was built up between the 15™ and 20™ century). Subsurface deposits typically consist of
unconsolidated sand and silt. The cohesive river silts exhumed by coastal erosion form
resistant levels. Characteristic sediments of the beaches are fine sand, typically with Dgg =
0.2 mm.
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1.1.3 Morphology of the coast

The delta is associated with a very broad continental shelf (50 km wide), with a slope
varying from 0.5% to 0.3% (Gulf of Lyons). The sandy beaches are dominated by
discontinuous and relatively low dunes, which border brackish ponds/lakes (Fig. 2). The
submerged part of the shoreface exhibits a profile of longshore bars (two to six in number)
that corresponds to the “Longshore-Bar-Trough” or “Dissipative” category (Fig. 3) in the
classification of Wright and Short. The sectors undergoing erosion make up a major part of
the coastline (60 km), supplying sediment to two spits with open hooks (Beauduc and
I'Espiguette). The sandy input of the Rhone supplies the Gracieuse spit to the east of the
delta. Those sectors inhabited, cultivated or necessary for industrial activities (salt
production, Autonomous Port of Marseilles) are protected by artificial dams or dune ridges.
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Fig. 2: Beach morphology description.
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Fig. 3: Morphodynamic classification of the beaches (Wright and Short, 1984).

1.1.4 Physical processes

Along the Rhone delta coast, the tidal range is about 0.3 m. The driving forces behind
erosion include waves and storms events involving the short-term evolution of cross-shore
transport. The medium and long-term evolution is controlled by a decline in sedimentary
fluxes as well as variations in the position of the closure depth (long-shore transport) and
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sea-level rise (2 mm/yr since 1905, see Fig. 5). For the long-term evolution, it is of outmost
importance to know the mechanism and rate of erosion in the upper near-shore (surf zone).
Aeolian transport is limited to the main sandy spits, where the transport is of small

magnitude in comparison to the surf zone.
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Fig. 5: Rise in sea level in the Camargue.
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1.1.5 Erosion: distribution of coastal units

The coastline shows erosion and accretion in different places, with different trends in erosion
and sedimentation as a function of time over the last 60 years. The pattern of sedimentary
transport can be described in four elementary units or cells. The residual transport
directions are divergent towards the east (Gracieuse spit) and towards the west (I'Espiguette
spit). A central cell is characterized by a convergence, which gives rise to accumulation (spit
and gulf of Beauduc). The Rhone mouth is an accretion zone (2.0 M.m>/years since the
beginning if the 20™ century) that does not appear to supply the coastline. The global
transport rate is in deficit (2.4 M.m®/yr). The sedimentary losses are directed towards the
deeper part of the near-shore zone, as well as towards the dune system by aeolian transport
on the spits.
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Fig. 6: Distribution of longshore drift cells.

Cause of erosion

The lowering in fluvial sedimentary fluxes could be a significant forcing agent in extending
the area of eroded coast (1.7 M.m2/yr between 1944 and 1989). However, the localisation of
the major erosion zones is correlated with the spatial distribution of wave energy and the
longshore gradient in sediment transport, which seems to be the primary cause of erosion
(Fig.7). The long term sea-level rise probably causes 10 % of the shoreline retreat. Lastly,
transport by winds from the land (Mistral, Tramontane) also causes a deflation of the dunes,
which are being eroded on E-W trending sections of the beaches.
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Fig. 7: Wave breaking height: dispersion along the Rhone delta shoreline.

1.2 Socio-economics aspects

The Rhone delta is an area of low population density (5 inhabitants/km?Z2).

The land-use functions of the coastal zone are diversified (Figure 10):

> Salt production: two sites of production, the Petite Camargue (10,000 ha) and
the Salin de Giraud (12,000 ha, Figure 8). The production company is the
Compagnie des Salins du Midi et Salines de I'Est (CSMSE). The annual average
production is approximately 1.5 Mt. The salt-extraction basins are located near
coasts in rapid retreat. They are protected by front embankments/seawalls,
associated with groynes.

Fig. 8: Industrial salt extraction activity
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Industrial harbour activities: the ore and tanker terminal of Fos-sur-Mer
(Autonomous Port of Marseilles, 96 Mt/yr), the oil complexes and the Sollac iron
and steel works represent an important industrial centre to the east of the delta.

Tourism and recreation: tourism is primarily focused on seaside resort activities,
around Saintes-Maries-de-la-Mer (40,000 tourists/yr), on both sides of the mouth
of the Grand Rhone (Piémanson and Gracieuse beaches) and at the artificial marina
of Port Camargue to the west of the delta (20,000 tourists, 4,400 boats). The
practice of unregulated camping leads to serious degradation of the dunes (Figure
9). In the Gulf of Beauduc, 400 semi-permanent dwellings have been built illegally.
The town, the port and the beaches of Saintes-Maries-de-la-Mer are greatly
threatened by the retreat of the coast and have been equipped with major public
works for coastal defence. The ecological richness (birds and flora) and important
heritage (traditional stock-farming of horses and bulls) of the delta also generates
“green” tourism, within the framework of the Regional Natural Reserve, the
National Reserve of the Camargue and the Coastal and Lake Environment
Conservancy.

Fig. 9: Over-use of dunes and beaches by tourists

Fisheries and agriculture: farms are of local economic importance, principally
located in the “Petite Camargue ” (on the western part of the coast) and in the
northern part of the delta. The dominant production is rice (64% of useful
agricultural area). On the coast, the collecting of seashells is also practised by a
few tens of families.
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Fig. 10: Spatial distribution of activities on the Rhone delta.

1.2.1 Coastal risk

Along the Rhone delta coast, erosion leads to a higher risk of coastal retreat and flooding.
Generally, erosion reduces the beach width and poses a threat for the dunes (Figure 11). It
is threatening the industrial salt pans at Faraman and in the Petite Camargue: during the
winter of 1997, a breach in the dykes produced extensive flooding in the Faraman basins.
On the Petite Camargue, erosion has separated the groynes from the beach (Figure 12) and
is threatening the farms and salt pans. In the medium term (30 years), coastal retreat
combined with flooding and the predicted rise in sea level could cut off the town of Saintes-
Maries from areas farther inland (Fig.19).

Francols Sebatie:

Fig. 11: Erosion of dunes by storms.
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Fig. 12: Battery of groynes in the Petite Camargue.

In France, flood damages are to be insured by house owners (obligatory insurance), but if a
flood is classified by governmental decision as a "natural catastrophic event"”, the "CAT-NAT
law" (fast compensation for victims, and protection of the public and existing property)
takes over from private insurers to compensate victims.
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2. PROBLEM DESCRIPTION

Five sites illustrating the different techniques of protection are selected in order to describe
the erosion and its impact (Fig. 1).

Site of the Gracieuse sand spit (Fig.13)

The formation of the Gracieuse sand spit is due to the retreat of an old mouth of the Rhone
(the “Pégoulier” Rhone) and the erosion of its fossil prodelta. Sands derived from this
erosion were taken up again by SW-NE longshore drift, and have led naturally to the
construction of the spit. The elongation of this spit towards the north has provided protection
against storm swell for the Port of Marseilles, which is especially occupied with the transit of
hydrocarbons. From the 1970s onwards, the continuous retreat of the central part of the
spit and the occurrence of many breaches has endangered the permanence/sustainability of
this structure.

Sabatier

Fig. 13: La Gracieuse spit evolution.

Piémanson beach

The beach of Piémanson is partially protected from storm swell and is practically stable,
being located near the mouth of the Rhone and supplied by longshore drift from the west.
This sector is particularly subject to the pressure of summer tourists, which results in the
destructive trampling of small dunes on the lower foreshore and a considerable traffic of
vehicles on the beach.
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The intensely eroded shore between Faraman and Saint-Anne (Fig. 14)

The Faraman sector corresponds to the most salient/protruding segment of the delta coast,
being related to an old mouth of the Rhone active between 1586 and 1711. The sediment
brought in by the Rhone has allowed the construction of a prodelta lobe. At the present day,
this produces a concentration of swell orthogonals (wave rays) that focuses the force of the
breakers. Before the installation of protective measures, the retreat of the shoreline at
certain points reached —8 m/yr. This retreat gradually reduces the working area of the ponds
behind the dune ridge (evaporation basins of the CSMSE). Moreover, many breaches in the
dune ridge have led to incursions that perturb the salinity of the water.
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Fig. 14: Retreat of the shoreline at Faraman.

The beaches and the urban site of Saintes-Maries-de-la-Mer (Fig. 15)

The low level of sedimentary input from the Petit Rhone explains the fast retreat of this zone
around the old mouth. In front of the village, the shoreline was retreating by approximately
-8 m/yr before the construction of the coastal defences. The protection of the shore dates
back many years, beginning in the 1930s with wooden structures (groynes). However, it
was only during the 1980s that a policy of massive rip-rap was undertaken to protect the
village, which is threatened by temporary flooding during storm surges.
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Fig. 15: Retreat of the shoreline at Saintes-Maries-de-la-Mer.
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Retreating beaches of the Petite Camargue (Fig. 16)

The coast of the Petite Camargue, which is subjected to oblique swell and poorly supplied
with sediments by the Petit Rhone, has been in fast retreat for several decades (- 2 with -8
m/yr before installations). This shoreline retreat is associated with overwash phenomena but
with a reduction in the width of the beach. The retreat of this zone contributes to the
advance of the Espiguette spit to the west. As on the Faraman shore, the back beach area is
used for salt extraction activities.
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Fig. 16: Retreat of the shoreline and reduction of beach width in the Petite Camargue.
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3. SOLUTIONS/MEASURES

3.1 Policy options

Along the inhabited sectors (Saintes-Maries-de-la-Mer) or in areas intended for salt
production, the adopted policy option is to “Hold the Line”, with the help of public financing.

In the sectors belonging to the regional Natural Reserve and the National Reserve, the policy
option is to “Do Nothing” on the stable beaches, or carry out limited operations
(“ganivelles”) on the slow retreating coasts.

3.2 Strategy

3.2.1 Approach in relation to the problem

The engineering actions are diverse. On inhabited or industrial coastlines, hard (robust)
solutions are applied to prevent local erosion (front embankments, groynes and break-
waters). This choice is necessary because of the economic value of the property to be
protected and the risks incurred by inhabitants in sectors that have lost their natural
capacity of shore defence (due to sedimentary deficit or highly destructive swell). On the
windward coast, east of Saintes-Maries and along the Gracieuse spit, dunes are protected by
a wind-break (“ganivelle”). This choice depends on the existence of a system still being fed
by sand, allowing cross-shore sedimentary exchanges. However, near Saintes-Maries, the
retreat of the beach threatens the dunes equipped with ganivelles: future rebuilding-up
operations are considered here. In the 1970s, a dyke with geotextile revetment was built
on the almost-stable Piemanson beach, which is threatened by over-use by tourists.
Recently, ganivelles were built on the beach itself, to limit the traffic of vehicles.

3.3 Measures

3.3.1 Historical measures

Locally, some technical measures were taken during the period from 1930 to 1950: wood
groynes were built around Saintes-Maries-de-la-Mer and Faraman. These structures are
nowadays destroyed.

3.3.2 Type

Artificial structures to stop or reduce erosion are listed here in relation to the major eroded
sites, along with the period in which they were built and/or maintained

Reinforcement of the Gracieuse dune ridge by ganivelles.

The Autonomous Port of Marseilles decided to consolidate the Gracieuse spit (rebuilding of
the dune ridge on a network of ganivelles) and to control the advance of its tip (19 m/yr),
which threatened the navigation channel at the entry of the port (immersion of barges on
the sand bank). Work proceeded from 1988 to 1993. The rebuilding of the ridge involved

13
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moving 55,200 m? of sand. The artificial dune has total length of 3,450 m. the cost was FF
6,684,000 (approximately 1 M euros) (Figure 17).

& Cliche Mare COTTE (P.A.M.)

Fig. 17: Rebuilding the dune ridge of the Gracieuse spit.

Construction of a dune ridge on the middle foreshore of Piéanson beach (Fig. 18).

A “soft” solution was chosen, considering the mediocre performance of the old stone seawall
with geotextile revetment. Between July 1997 and 1999, in order to limit the access of
vehicles to the beach, 1 500 m of ganivelles were installed at between 30 and 100 m from
the shoreline, that is to say between the dune and the berm.

14
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Fig. 18: Localization of ganivelles on Piémanson beach.

Breakwaters at Faraman-Sainte-Anne (Fig. 19)

At the end of the 1980s, a policy of reinforcement by dams and groynes was undertaken on
7 km of coastline (total cost: FF 37,336,000 or 57 M euros). A test breakwater was
established between two groynes in 1993. This work is located at 60 m from the original
shoreline and measures 80 m in length. Its overall height of top of foundation is 1.5 m NGF,
but this does not prevent the swell from crossing over during storms.
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Fig. 19: Ripraps at Faraman.

Protection of the Saintes-Maries-de-la-Mer sector (Fig. 20)

Since the 1980s, several dykes, groynes and breakwaters were built modifying the aspect of
the beaches and dividing up their operation/use into sectors. The cost was FF 39,864,000
(60 M euros), before the recent construction of a new seawall. On the beaches to the west

and east, the dunes were protected by ganivelles.
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Fig. 20: Ripraps at Saintes-Maries-de-la-Mer.

Battery of groynes in the Petite Camargue (Fig. 21)

From the 1980s onwards, 122 groynes were built on 8 km of coastline. The groynes are
spaced at intervals of 200 m and are 75 m long. At first, 25 m of each groyne was situated
on the beach and 50 m extended out to sea. A seawall at the bottom of the beach
reinforces these works locally. The investment by the CSMSE amounts to FF 30,221,000 (4.6

M euros) (Figure 22).
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Fig. 21: Battery of groynes in the Petite Camargue.

Fig. 22: Seawall and battery of groynes in the Petite Camargue.
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4. EFFECTS AND LESSONS LEARNT

4.1 Effects related to erosion

Structural erosion is apparently halted by the “hard” type of equipment, but the surf zone
and the upper shoreface continues to evolve in a negative manner. Soft solutions are only
locally effective.

Gracieuse spit (Fig. 23)
The coastline has been stabilized at the same position since 1995. Storm-breaches were

closed. For many years, dune maintenance has been carried out. A spontaneous vegetation
is now covering the inward face of the dune.

v
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Sabatier, modiied Port Autonome de Marseaille

Fig. 23: Reconstructing the dune ridge using ganivelles.

Ganivelles in the middle of Piemanson beach (Fig. 24)

The ganivelles established on the middle part of the beach have led to the build-up of a
small dune ridge and a sedimentary gain of between 10 and 20 m3/m. It seems that the
shoreline has also advanced, but it is however too early to determine if this accumulation
could have destabilized the sedimentary budget of the beach. Moreover, tourist activities
are nowadays concentrated in the area between the ganivelles and the dune ridge (camp-
sites, caravanning). This zone corresponds to a relative depression where overflow storm
waters remain during the winter months, thus modifying the environment by creating a
temporary lagoon (Figure 25).

17
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Fig. 24: Reinforcement of a berm using ganivelles

Fig. 25: Temporary lagoon formed by installation of ganivelles in middle of beach.
Breakwaters at Faraman-Sainte-Anne

The breakwaters have allowed the creation of a tombolo and a sand input of approximately
1500 m3 (Figure 26). For ten years, the sedimentary budget of the tombolo has been stable
in spite of important seasonal variations. Back currents against the groynes have however

been identified as being able to compromise the sedimentary stability around the tombolo in

the long term. But it is also possible that the presence of the nearby groynes has a positive
impact on stability.
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Fig. 26: Breakwaters at St-Anne (1996)
Sector of Saintes-Maries-de-la-Mer (Fig. 27)

Overall, the works have made it possible to stop the retreat of the shoreline, even leading to
a certain amount of advance related to the creation of a tombolo due to a breakwater.
Without these works, the town of Saintes-Maries-de-la-Mer would now be submerged by the
sea. Nevertheless, despite these structures, underwater erosion has continued and no
measurements are available allowing an estimation of its importance. The effect of the works
is thus limited in time. By blocking a large part of the sedimentary transport, the works
deprive the eastern beaches of sedimentary input related to the eastward longshore drift.

e

e

Sehaton 2005

Fig. 27: Prediction (2000 and 2030) of the position of the shoreline at Saintes-Maries-de-la-Mer
Beaches of the Petite Camargue (Fig. 28)

The effectiveness of the coastal protection works is limited because of geotechnical
deficiencies (groynes are too short and too widely spaced) and the generally weak
sedimentary inputs. The skirting of groynes is now inducing a resumption of erosion, after a
relative stabilization in the 1990s. In 1998, most of the groynes were lengthened with the
aim of obtaining a certain degree of effectiveness. The length/spacing ratio of the groynes
was unfavourable during their construction, but this was improved by the recent extension
work. However, there is still great uncertainty on the long-term effectiveness of groynes.
Indeed, we can observe backflow currents against the works that could favour sediment

19
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transport towards the open sea. In all the cases, however, the groynes are able to delay the
retreat of the shoreline (3 to 10 years), while they have no action on underwater erosion in

the breaker zone. Moreover, they induce erosion farther downstream along the drift over
nearly 800 m (Figure 29).
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Fig. 28: Undermining and backflow currents against groynes

Fig. 29: Erosion downstream from a battery of groynes along the drift direction
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4.2 Effects related to socio-economics aspects

Hard measures of coastal protection are momentarily effective for industrial activities (salt
extraction) and population safety in the inhabited zones. Soft protection on the Gracieuse
spit is also effective concerning the protection of Fos harbour. Hard protection produces
negative impacts on open coastal landscapes, and then on touristic activities and natural
area conservation. There have been several meetings and discussions between the Regional
Natural reserve, the Coastal and Lake Environment Conservancy, the National Reserve of
the Camargue, the town of Saintes-Maries-de-la-Mer and the CSMSE factory in order to
combine functions such as safety and preservation of natural dynamics.

4.3 Relation with ICZM

Up to now, there has been no consistent/rational management of the coast of the Rhone
delta. This is because of the diversity of interests present on the coastline and the multitude
of socio-economic actors/stakeholders.

4.4 Conclusions

In the Rhone delta, the risks are of different nature and highly variable from one sector to
another, requiring an adaptation to each situation according to the physical constraints and
social demands. The planning solutions ultimately concern political choices: is it necessary
to accept the retreat or to resist it? Must we protect the Rhone delta, and, if so, how?

Effectiveness

The protection methods used until the end of the 1990s privilege artificial riprap structures
(groynes, dykes and breakwaters), with landscape and ecological impacts that are not very
compatible with the image of the Camargue.

> Dykes and groynes constructions have stopped local retreat of the coastline. The
effectiveness of these works is very variable, their "life-expectancy” being
estimated at three to ten years. In places, they have halted or slowed down the
visible retreat of the shoreline. Breakwater constructions (Sainte-Anne/Faraman
and Saintes-Maries-de-la-Mer) are rapidly effective and more durable.

> Dunes management with ganivelles is effective provided the natural sedimentary
input is sufficient. If not, coastal retreat will destroy the ganivelles in the medium
term.

Possible undesirable effects

> Effects in neighbouring countries/areas: hard constructions (dykes, groynes
and breakwaters) lead to erosion in the nearshore zone and along the direction of
the longshore drift currents. Erosion is displaced towards the underwater shoreface
affected by currents flowing out to sea, as well as farther downstream along the
drift due to the interruption of longitudinal transport. Thus, a deep knowledge of
the system is absolutely essential for the successful application of hard defence.

> Landscape degradation by dykes, breakwaters and groynes.
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Gaps in information:

> Sedimentary balance, with regard to precise river input in the delta.

> Economic balance between the estimated value of endangered property and
activities (tourism, salt extraction) and the cost of coastal defences.

Perspectives and discussion

The functioning of the delta coast system must be analysed as a whole, by taking account of
the interactions between present-day dynamics and long-term tendencies. However, the
risk management is necessarily local and immediate, being a function of the required level of
protection of people and property. Major works are effective on some sectors with high
economic value, where their use is necessary to block coastal erosion. On several sectors,
however, the choice of less expensive techniques (ganivelles) can also be effective (if
sedimentary input is sufficient) or lead to a temporary slowing down in the retreat.
Nevertheless, it is necessary to test innovative techniques: artificial nourishment and
sedimentary by-passing via the river course. Lastly, some of the flood waters loaded with
sediment may be released onto the deltaic plain in order to combat the rise in water level.
Locally, a fallback/regression of the shoreline may prove indispensable in the medium term
(a few years) if structural erosion becomes too important. But this fallback solution cannot
be applied without evaluating its natural and economic consequences, i.e.: threats on
maintaining salt extraction, agricultural activities and the urban site of Saintes-Maries-de-
la-Mer.
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