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La présente étude s’inscrit dans la continuité du suivi topo-morphologique du Sillon de Talbert initié en
2003 a la demande de la commune de Pleubian et du Conservatoire du Littoral (voir section 6 —
références bibliographiques). L'objectif est d’analyser les modalités d’évolution de la fleche de galets,
classée en Réserve Naturelle Régionale depuis 2006. Dans le cadre de ce rapport, nous présentons les
principaux changements morphologiques survenus entre les levés topographiques effectués aux mois de
septembre 2023 et de septembre 2024 a I’échelle du Sillon dans un premier temps, puis dans le secteur
de la breche dans un second temps. Enfin, nous présenterons les résultats obtenus sur la période a
partir des levés réalisés par Julien Houron le long des profils transversaux au cordon.

A I’échelle du Sillon, la méthode que nous avons employée pour reconstituer la topographie de I'estran
reste inchangée par rapport a I'année précédente. Elle s’appuie sur un traitement photogrammétrique
d’images aériennes acquises au drone. Ces vues aériennes ont été réalisées le 18 septembre 2024 a
partir d’'un drone Mavik 3 Pro survolant le Sillon a une altitude moyenne de 110 m. Un total de 2171
images a été obtenu durant les survols, couvrant une superficie de 1,76 km?2. A partir de ces prises de
vue, la topographie a été reconstituée selon le principe de la stéréo-photogrammeétrie sous le logiciel
Agisoft Metashape. Le procédé employé suppose que les prises de vue se recoupent entre elles. Lors de
nos survols, un taux de recouvrement de 80% entre les images a été prédéfini. La différence
d’inclinaison des différents clichés a été utilisée par le logiciel pour générer un nuage de points
topographiques de tres forte densité.

Avant les survols, 42 cibles ont été positionnées au sol et leur position a été relevée au DGPS. Les
mesures au DGPS ont été réalisées a partir d’'une station fixe installée sur un repére d’arpentage
implanté au sommet du rocher de Roc’h Gwen. Ce repére a été géoréférencé a partir d’'une borne IGN
située sur le sémaphore de Créac’h Maout, dont les coordonnées géodésiques sont accessibles sur le
site de I'lGN (www.ign.fr/rubrique Géodésie). L’altitude de cette borne a été revue a partir d’'un procédé
de post-traitement des données GPS et se situe a 42,81 m NGF. Ainsi, I'ensemble des cibles a été
positionnée dans le systeme de référence Lambert 93 (EPSG:2154) et raccordé au niveau altitudinal
NGF.

Les coordonnées de ces cibles ont été utilisées pour géoréférencer les prises de vue et les nuages de
points topographiques produits. Cette méthode a permis de produire trois principaux jeux de données :
(i) une orthophotographie de la zone survolée ; (ii) un nuage de points de trés forte densité comptant
plus de 510 millions de points (soit 309 points/m?2) ; (iii) un Modéle Numérique de Terrain d’une
résolution de 10x10 cm (fig. 1). Les calculs ont été réalisés sur le supercalculateur de la TGIR HUMANUM
du CNRS.

Il faut noter qu’en dépit de leur tres haute résolution, les MNT reconstruits a partir des survols au drone
peuvent parfois présenter des erreurs significatives en raison d’'un mauvais recoupement des
photographies aériennes et/ou d’'une mauvaise qualité des images. Pour limiter ces erreurs, une
procédure de vérification de la qualité des images a été réalisée sous le logiciel Agisoft Metashape et un
filtrage des points servant a reconstruire la topographie a permis d’éliminer le maximum de bruit. En
définitive, les erreurs de positionnement sont estimées a 1,6 cm en X et Y, et a 3 cm en Z. Cette
incertitude est trés faible puisqu’elle correspond a la taille du pixel en X-Y et a I'erreur de la mesure au
DGPS en Z. Notons enfin que le couvert végétal et les laisses de mer peuvent aussi poser probléme
localement. En effet, cette méthode considére la végétation et le goémon comme une surface
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topographique (on parle alors de « sursol »), tandis que la topographie du sol n’est pas reconstruite.
Dans notre cas, cela concerne les zones végétalisées de la racine et de la partie proximale du Sillon dont
I’élévation a pu étre surestimée, en particulier la ou se développent de belles touffes d’oyat. Par chance,
les laisses de mer présentes sur la plage lors de nos survols étaient peu volumineuses et ne sont pas en
mesure de baiser nos estimations de bilans sédimentaires.

Une partie de ce rapport porte également sur le suivi topo-morphologique de la bréche ouverte en mars
2018 dans la partie proximale du Sillon, a 'emplacement de I'ancienne zone appelée « taille de guépe ».
Depuis le mois de mars 2018, ce secteur fait I'objet de relevés a une fréquence plus importante (environ
un levé topographique tous les 2-3 mois) afin de suivre au plus prés les changements. La encore, la
méthode utilisée pour réaliser ces relevés s’appuie sur des survols au drone et |'acquisition d’'images
aériennes dont le traitement photogrammétrique est réalisé a I'aide du logiciel Agisoft Metashape. Le
détail des différentes missions réalisées entre septembre 2023 et septembre 2024 est donné dans le
tableau 1. L’annexe 1 présente les rapports issus des traitements photogrammeétriques réalisés.

Nombre de points  Nombre de points

) . o Précision Précision Superficie . . L Résolution du
T e e L el T
28/09/2023 drone Mavik 3 Pro +-0.0226 +-0.0109 1.69 »10° =10° 0.1
18/12/2023 drone Mavik 3 Pro +/-0.007% +/-0.0214 0.274 »10% =10° 0.034
20/02/2024 drone Mavik 3 Pro +/- 0.0054 +/-0.0139 0.293 »10% =10° 0.033
18/09/2024 drone Mavik 3 Pro +/-0.0158 +/-0.0304 1.76 »10% =10° 0,1

Tableau 1 : Inventaire des campagnes de mesures topo-morphologiques réalisées dans le secteur de la
breche entre septembre 2023 et septembre 2024.

Enfin, le travail mené depuis 2012 sur les dynamiques hydro-morphologiques a été poursuivis sur la
période. Les conditions météo-marines ont été analysées a partir de mesures de pressions réalisées a
I'aide du capteur OSSI installé sur I'estran. En paralléle, les suivis topographiques ont été réalisés par
Julien Houron durant I'année le long des différents profils. Ces données prolongent le suivi des
conditions de vagues au plus pres du Sillon.

L'année 2024 a également été consacrée a la valorisation des résultats obtenus dans le cadre de I'étude
d’incidence de la breche. Un article scientifigue a été publié dans la revue internationale
Geomorphology. Cet article est livré en Annexe 2 du présent rapport.

2.1. Vue d’ensemble

Les changements morphologiques mesurés sur le Sillon de Talbert entre septembre 2023 et septembre
2024 sont de faible ampleur et refletent des conditions météo-marines peu morphogénes sur
I'ensemble de la période. Ce constat est assez similaire a celui que nous avions dressé dans nos deux
précédents rapports (Stéphan et al., 2023, 2024) portant sur la période allant de septembre 2021 a



septembre 2023. Aucune tempéte significative ou épisode de fortes vagues n’a été enregistré durant
cette période. Le Sillon n’a pas connu de larges franchissements susceptibles de le faire reculer. Par
conséquent, les valeurs de recul sont trés faibles (fig. 8) et reflétent soit des franchissements de
tempéte trés localisés (zones n°3 et 4, fig. 8), soit un remodelage du revers par les vagues de nord-est
(zone n°2, fig. 8). La période a donc été dominée par les transits longitudinaux dirigés vers le NE sur la
face exposée du Sillon et vers le SW sur le revers. La période a également été dominée par une
remontée des sédiments vers la créte et I'engraissement de bermes en haut de plage. Dans la partie
médiane du sillon, la créte s’est exhaussée de 22 cm en moyenne (entre les profils PO65 et P100, figs. 4
et 6), avec une valeur maximale de +43 cm au niveau du profil P070. Cela suggére un ou plusieurs
événements constructifs associant de fortes vagues a une marée de vive-eau moyenne. Comme en 2022
et 2023, le secteur qui a enregistré le plus d’érosion est la plage de la partie proximale (fig. 3). A
I'inverse, le secteur qui a bénéficié le plus d’apports sédimentaires est la créte et le revers de la spatule.

2.2. Vue de détails

Les principales modifications morphologiques sont synthétisées dans la figure 3 et sont décrites comme
suit :

(1, fig. 3) : un léger excedent sédimentaire sur la plage du Chouck

La plage du Chouck a enregistré de faibles évolutions morphologiques sur la période. Toutefois, elle
présente un bilan sédimentaire excédentaire d’environ +400 m* entre septembre 2023 et septembre
2024. Les volumes érodés représentent -230 m® et correspondent a un léger creusement de la partie
basse de la plage, tandis que les volumes déposés sont de +660 m? et ont bénéficié a la partie haute de
la plage et au pied de dune. Notons que la partie sud de la plage du Chouck n’a pas pu étre survolée le
18/09/2024. Ce bilan volumique est donc partiel.

(2, fig. 3) : une érosion limitée de la bréche

Dans son ensemble, le secteur environnant la bréche a connu une érosion limitée sur la période. Aucun
élargissement significatif de la bréche n’a été mesuré (figures 9 a 12). La rive ouest a perdu -340 m3 de
sédiment environ, tandis que la rive orientale a bénéficié d’'un apport de +880 m3. Cet apport s’est
accompagné d’un déplacement de la rive vers le sud et d’un recul limité du revers inférieur a 2 m (n°1,
fig. 8). Le fond de la bréche ne s’est pas incisé davantage. L’altitude la plus basse relevée dans le fond de
la breche est de 7,2 m Cote Marine. Cette cote n’a quasiment pas changé depuis septembre 2022 et
traduit une situation d’équilibre. Dans le marais de Mer Melen, les sédiments qui forment le delta de
flot ont été remaniés et étalés davantage vers le sud. Pres de 1000 m3 de sable ont été transportés
jusqu’au chenal de marée principal qui draine le marais. Ces volumes ont probablement été exportés
vers l'aval. Enfin, plaguée contre I'enrochement, la petite plage du Chouck n’a pas connu de
changements importants.

(3, fig. 3) : I'érosion de la plage dans la partie proximale

Dans la partie proximale, la plage de la face exposée du Sillon montre un bilan sédimentaire déficitaire
de -8750 m3 au total. Une partie de ce matériel a été déplacé vers la bréche et a permis I'engraissement
de la rive orientale de la bréche. Une autre partie a été transportée au sommet du cordon sous I'effet du
vent ou les buttes d’oyat ont piégé prés de 920 m3 de sable. Une autre partie a été transférée sur le
revers lors d’'un ou de plusieurs épisodes de franchissement. Dans ce secteur, les dunes embryonnaires
sont individualisées par une série de dépressions inter-dunaires paralleles entre elles qui canalisent les



flux d’eau et de sédiment lors des franchissements. Ce transfert sédimentaire se traduit par la formation
de petits lobes d’overwash a leur débouché sur le revers.

(4, fig. 3) le redressement du profil par overtopping dans les parties médiane et distale

Durant la période, les conditions météo-marines relativement clémentes ont favorisé I'exhaussement de
la créte du Sillon, I'action des vagues ayant été portée a un niveau suffisamment haut lors de grands
coefficients de marée. Plusieurs épisodes météo-marins ont été constructifs pour le Sillon, permettant
un exhaussement de la créte de 20 a 50 cm par endroits (figs. 4 et 6). D’'une fagon générale, c’est toute
la créte des partie médiane et distale qui a bénéficié d’apports sédimentaires estimés a +7.000 m3. Cet
engraissement du sommet s’est effectué au dépend de la plage dont le profil s’est creusé et ou les
bermes de haut de cordon ont migré vers le haut.

(5, fig. 3) transit par la dérive sédimentaire

D’aprés les bilans présentés plus haut, on peut estimer qu’environ 2500 m3 de sédiments ont été
déplacés le long de la plage vers la pointe. Ce transit est légérement inférieur au volume moyen mis en
mouvement le long du Sillon depuis 2002.

(6, fig. 3) : lobe de jusant et pointe du Sillon

Sur le lobe de jusant, les changements morphologiques sont caractéristiques d’une période de calme
morphogénique. Les déplacements sédimentaires ont été principalement contrélés par les courants de
marée. Les courants de jusant ont repoussé prés de 1500 m3 de sédiment vers le nord-ouest. A la pointe
du Sillon, environ 3500 m? de galets ont été déplacés sur le revers de la spatule.

(7, fig. 3) : le revers de la spatule

Le revers de la spatule est le secteur ou s’accumulent tous les sédiments que la dérive de plage a mis en
mouvement sur la face exposée du Sillon. Sur la période, ce secteur a bénéficié d’un apport d’environ
+2500 m? de sédiments. Une partie de ce matériel a permis un exhaussement de la créte de quelques
décimetres.

(8, fig. 3) : transits sédimentaires sur le revers de la partie médiane

Sur le revers de la partie médiane, c’est environ 1000 m3 de galets qui ont été mis en mouvement le
long du revers et déplacés vers le sud-ouest. Ce transit sédimentaire, dont le sens est inverse par
rapport a celui observé sur la face exposée sur Sillon, s’opére par le biais de rides. Il se traduit par
I’accentuation des sinuosités ou se juxtaposent des secteurs en érosion et des secteurs en accrétion. A
nouveau, ce type d’évolution morphologique est caractéristique d’une période faible activité
morphogene que I'on mesure depuis septembre 2021.

(9 et 10, fig. 3) : transferts sur le revers par débordement (overwash)

Enfin, sur le revers de la partie proximale, le Sillon a été franchi par les vagues de tempétes la ou la créte
est la plus basse. Un recul de 4 m en moyenne a été mesuré le long du revers entre les profils PO30 et
P032 (n°3, fig. 8). Entre les points de mesure P052 et P0O57, le recul atteint 2 m. Les volumes totaux
déversés sur le revers a ces deux endroits sont estimés a +2.700 m3,



Les figures 9 a 12 présentent les résultats du suivi mis en place a I'issue de I'ouverture de la bréche dans
la partie proximale du Sillon de Talbert. Les résultats sont les suivants :

Périodes Commentaires
Septembre 2017 — | Entre les mois de septembre 2017 et mars 2018, les relevés
7 mars 2018 montrent tout d’abord I'impact de la tempéte Eleanor des 2-3

janvier 2018 qui entraine une érosion importante de la face
exposée du cordon et un dépot de sédiment sur le revers
(dynamique de rollover). Le second événement qui marque
cette période est I'ouverture de la breche (deux jours avant le
relevé du mois de mars 2018) qui s’élargit trés rapidement.
L’érosion provoquée par les courants de marée empruntant la
bréche conduit a la formation d’un delta de jusant en bas de

plage.
7 mars 2018 — Durant cette courte période de temps (15 jours), les évolutions
22 mars 2018 morphologiques sont peu marquées. Le delta de jusant est

repris par les vagues et déplacé vers I'est. Ce stock tend a
remonter vers le sommet du cordon.

22 mars 2018 — Cette période (28 jours) est marquée par une marée de vive-
17 avril 2018 eau (coefficients supérieurs a 100 du 31 mars au 02 avril 2018)
qui génére de forts courants de flot et de jusant dans la
bréche. Les courants de jusant semblent prédominer. La
présence de I'enrochement résiduel oblige les courants de
jusant a s’orienter vers I'ouest au débouché de la bréche sur la
plage. Leur vitesse est donc renforcée sur la rive concave (rive
ouest) de la breche et entraine une érosion de la dune basse
dans ce secteur. Le front de dune est taillé en micro-falaise et
recule de 6 m par endroits. L’ancien lobe de jusant qui s’était
constitué en mars 2018 poursuit sa remontée vers le haut de la
plage et vers la dune sommitale.

17 avril 2018 — Cette période (91 jours) est a nouveau marquée par plusieurs
17 juillet 2018 marées de vive-eau en (fin avril, mi-mai, mi-juin 2018). La rive
ouest de la bréche subit une érosion importante. Le front de
dune recul de 3,5 m. Un nouveau lobe de jusant s’édifie a
I’extrémité de I'’enrochement résiduel, sur le bas de la plage.

17 juillet 2018 — Cette période (58 jours) reste dominée par les dynamiques
13 septembre 2018 | érosives liées aux courants de jusant qui érodent la rive
occidentale de la bréche (recul du front de dune de 8,5 m) et
entraine I'accumulation de sable a I'exutoire de la bréche, sur
le bas de plage. Deux marées de vive-eau (mi-aolt et début
septembre) sont responsables de ces changements. A I'est de
la breche, le haut de plage poursuit son engraissement.

13 septembre 2018 | Durant cette période, I'érosion de la rive ouest de la bréche se
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21 novembre 2018

poursuit (recul de 3 m du front de dune). Le delta de jusant est
également érodé. Le matériel est redistribué sur le bas de
plage, vers I'est. Les données sont quelque peu biaisées par la
présence de grandes quantités d’algues de rive échouées sur la
plage. Sur le revers, des changements morphologiques sont
également observés sous l'effet d’une reprise du transit
longitudinal causé par le renforcement des houles a I'approche
de la période hivernale.

21 novembre 2018

05 février 2019

La comparaison du relevé du 05 février 2019 avec les levés
précédents est a nouveau partiellement biaisée par les
accumulations d’algues d’échouage sur la face exposée du
cordon. On note néanmoins une érosion modérée de la plage,
le déplacement du delta de jusant vers le nord-est par la dérive
littorale, une érosion de la rive occidentale de la bréeche (avec
un recul du front de dune de 3,8 m). Enfin, on observe pour la
premiere fois I'accumulation de sédiments dans la partie
interne de la bréche et 'amorce de formation d’un delta de
flot.

05 février 2019 —
08 mars 2019

Durant cette période hivernale (31 jours), le chenal de marée
qui emprunte désormais la breche est remanié par les
courants de flot et de jusant qui déplace les bancs de sables
sur le fond. La rive ouest de la bréeche recule de 2,8 m. Sur le
sillon, on assiste a un engraissement de la face exposée du
cordon. A I'emplacement précédent du delta de jusant, le bas
de plage enregistre une érosion liée a un déplacement du
stock sédimentaire vers le nord-est.

08 mars 2019 —

Les deux rives de la bréeche sont érodées. Le matériel

21 mai 2019 s’accumule en partie sur le delta de flot, et en partie sur le
delta de jusant. Sur le Sillon, la partie basse de la plage subit
également une érosion.

21 mai 2019 — Durant cette période (120 jours), les principaux changements

18 septembre 2019

morphologiques sont observés au niveau de la bréche. Les
bancs tidaux sont déplacés vers les parties internes (delta de
flot) et externe (delta de jusant) de la breche.

18 septembre 2019

17 décembre 2019

Cette période (90 jours) est caractérisée par plusieurs épisodes
tempétueux marqués par de fortes houles. Les changements
morphologiques sont importants : une trés forte érosion de la
rive occidentale de la bréche (recul du front de dune de 4,5 m),
une accumulation de matériel sur la rive orientale

17 décembre 2019

23 janvier 2020

Durant cette courte période (37 jours), les conditions météo-
marines sont restées relativement clémentes et les
changements morphologiques ont été de faible ampleur. On
note une érosion modérée de la rive occidentale de la bréche.
Taillée en micro-falaise, la dune enregistre un recul vers I'ouest
de 1 m en moyenne. A l'inverse, la rive orientale connait un
apport de sédiments, provoquant une légére migration
latérale du chenal de marée dans le fond de la breche.




23 janvier 2020 -
26 mai 2020

Cette période est marquée par les tempétes Ciara et Inés,
entre le 09 et le 13 février 2020. Ces deux épisodes
correspondent aux événements les plus morphogénes
enregistrés depuis le début de ce suivi. Sur la rive orientale, les
vagues de tempéte font reculer d’environ 5 m la micro-falaise
d’érosion. Sur la rive occidentale, I'ensemble du sillon recule
vers le sud sur une distance de 10 a 15 m (fig. 12). Dans les
bilans sédimentaires, ce recul par rollover se traduit par un
transfert des sédiments depuis le haut de la plage exposée
vers le revers. Le fond de la bréche s’élargit également,
principalement au dépend de la rive occidentale. Le matériel
est en grande partie exporté en direction du marais de Mer
Melen ou se forme un vaste lobe de flot.

26 mai 2020-
07 septembre 2020

Cette période est peu morphogéne. Les évolutions
morphologiques traduisent une tendance a la reconstruction
du sillon. Le haut de plage s’engraisse, ainsi que la rive
orientale.

07 septembre 2020

17 novembre 2020

La encore, sous des conditions morphogéne (méme limitées),
liées a I'épisode de la Toussaint 2020, la rive orientale a
bénéficié  d’apports sédimentaires, tandis que le
franchissement du cordon par les vagues de tempéte a
entrainé une érosion de la plage et un transfert du matériel sur
le revers. Sur la rive occidentale de la bréche, la dune a reculé
de 2 m environ.

17 novembre 2020

Durant cette période, la rive occidentale de la bréeche a été
érodée par les courants de marée, mais le front de dune n’a

26 mai 2021 pas reculé. Sur la rive orientale de la béche, on note que la
plage s’est légérement engraissée et que la pente du revers
s’est rééquilibrée (érosion en haut de pente, accrétion en bas
de pente).

26 mai 2021 Cette période estivale est marquée par des changements

22 septembre 2021

morphologiques de tres faire ampleur, en I'absence d’épisodes
morphogenes et de marée de vive-eau.

22 septembre 2021

15 décembre 2021

Seule la queue du Sillon a enregistré des changements
morphologiques significatifs qui se sont traduits par une
érosion de la plage et un dép6t de matériel sédimentaire sur la
rive orientale de la bréeche.

15 décembre 2021

Durant cette période hivernale, la rive orientale de la bréeche a

— 04 mai 2022 été érodée dans sa partie basse et le matériel a été transféré a
son débouché sur I’estran pour former un lobe de jusant.
04 mai 2022 - Au cours du printemps et de I'été 2022, les changements

15 septembre 2022

morphologiques ont été de faible ampleur. Le flanc est de la
bréche s’est érodé de facon générale. A I'ouest de la breche, le
sillon a été érodé dans sa partie haute, probablement sous
I'effet des courants de jusant, lors des forts coefficients de




marée d’équinoxe.

15 septembre 2022
—02 mars 2023

Durant I'automne 2022 et I'hiver 2023, la rive ouest de la
bréche a subi une érosion et le replat dunaire a reculé de
plusieurs metres. Toutefois, ce recul a été contrebalancé par
un engraissement important de la rive orientale. Cela explique
que la largeur de la bréche s’est réduite, passant de 52 a 43 m
(fig. 11).

02 mars 2023 —
05 mai 2023

Durant cette période marquée par de forts coefficients de
marée, la rive ouest a reculé de fagon importante par érosion
du replat dunaire. La rive opposée a également été érodée. Les
vagues ont franchi le sommet du Sillon comme le montrent les
petits lobes d’overwash déposés sur le revers au débouché de
petits couloirs situées entre les dunes embryonnaires.

05 mai 2023 -
28 septembre 2023

Les évolutions morphologiques ont été peu significatives
durant cette période marquée par de faibles coefficients de
marée et des conditions météo-marines peu énergétiques.

28 septembre 2023
— 18 décembre
2023

Les changements morphologiques sont relativement
importants de part et dautre de la breche. Sur la rive
occidentale, le talus dunaire a reculé de 2,5 m en moyenne. A
I'inverse, la rive orientale s’est engraissée. Cela signe |’action
de vagues assez morphogenes. En effet, cette période a été
marquée par une série de tempétes. Toutefois, celles-ci sont
survenues par faibles coefficients de marée. C'est le cas de la
tempéte Ciaran du 2 novembre 2023 qui n’a pas conduit au
franchissement massif du Sillon par les vagues, malgré la forte
du vent et une hauteur significative de la houle au large
comprise entre 10 et 11 m.

18 décembre 2023
— 20 février 2024

Les changements morphologiques sont faibles. On note la
formation d’une accumulation de sable dans le prolongement
de I'enrochement (lobe de jusant) et une faible érosion de la
rive est de la breche. Cette période est caractérisée par
quelques franchissements sur la section mobile du Sillon
comme |'atteste le dép6t de sédiments sur le revers sous la
forme de lobe doverwash. Ces lobes se situent
systématiquement au débouché des dépressions inter-
dunaires qui ont canalisé les paquets de vagues. lls sont
probablement mis en place lors de la tempéte Karlotta du 10-
11 février 2024 (voir section 4 de ce rapport).

20 février 2024 -
18 septembre 2024

Les évolutions morphologiques sont peu significatives durant
cette période. Les changements morphologiques les plus
importants sont observés sur la partie mobile du Sillon ou le
haut de plage a connu un engraissement a la faveur des houles
constructives du printemps et de I'automne. Sur la rive ouest
de la bréche, le talus dunaire s’est érodé modérément.

Entre septembre 2023 et septembre 2024, le secteur de la bréche a connu une relative stabilité
morphologique. La breche ne s’est pas élargie et ne s’est pas approfondie. La figure 11 montre que la
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morphologie générale de la béche (largeur, profondeur) est relativement stable depuis 2021 et traduit
une situation d’équilibre avec les forcages hydrodynamiques. On note que les variations de largueur
présentent un comportement saisonnier. En hiver, la breche tend a se rétrécir. Les vagues sont plus
fortes et transportent de plus grandes quantités de sédiments depuis la plage vers la rive orientale de la
bréche ou ils s"accumulent. En été, en revanche, I'action des courants de jusant prédomine sur celle des
vagues et la rive occidentale est érodée, ce qui conduit a I'élargissement de la bréche.

4- Bilan du suivi topo-morphologique a haute fréquence de profils
de plage du sillon de Talbert pour I’'année 2024

Depuis le mois de septembre 2012, un suivi morphologique a haute fréquence a été mis en place en
paralléle du suivi topo-morphologique annuel de I'’ensemble du sillon (effectué quant a lui depuis 2006).
Ce suivi repose sur (i) des levés topographiques mensuels réalisés le long de trois radiales localisées
dans les parties les plus mobiles du sillon (le secteur de la bréche, et les sections proximale et médiane
de la fleche), (ii) des mesures des conditions hydrodynamiques (houle et niveau d’eau) a partir d’'un
capteur de pression installé dans la zone intertidale au droit du profil B (fig. A).

profil C.
Figure A. Localisation ds trois profils emesures topo-morphologique et du capteur OSSI de pression de houle et de

niveaux d’eau. Ce dernier est installé dans la zone intertidale a -0,461 m NGF. Le fond de carte correspond a I'ortho-
photographie IGN de 2012, la bréche ouverte au mois de mars 2018 n’est pas présente).

N 7 =
N %

L’objectif de ce suivi a haute fréquence est de mesurer et de quantifier I'impact de tous les épisodes
tempétueux agissant a une échelle épisodique et/ou d’évaluer les processus de régénération (en
période de temps calme) agissant la encore a des échelles courtes (mensuelle a épisodique). Ainsi,
durant I'année 2024, une campagne mensuelle de mesures de profils de plage a été réalisée (fig. B).
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Figure B. Enveloppe de profils topo-morphologiques des profils A, B, et C entre les mois de janvier 2024 et février 2025.
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L'analyse de ces données morphologiques sur I'ensemble de I'année 2024, et pour les 3 profils, montre
une grande stabilité. Aucun changement majeur n’est observé quelle que soit la section de la fleche.
Quelques migrations de gradins sont observées sur la plage avant des profils A et B. Ces changements
morphologiques restent toutefois classiques du fonctionnement morphosédimentaire des cordons de
galets. Pour le profil C, on observe un petit transfert de sédiment de I'avant vers I'arriere du profil, lié a
la migration de cette section de la fleche située dans le secteur de la breche. Ces dynamiques reflétent
les changements morphosédimentaires mesurés par le suivi de la breche au drone (figs. 9 a 12).

Lors de la tempéte Karlotta du 10-11 février 2024, la hauteur de la houle au large Hs était d’environ 5 m
pour un coefficient 107 lors de pleine mer de 8h du matin (fig C). Le décalage entre la PM et les plus
fortes houles explique I'absence de submersion et de changement morphologique enregistré durant cet
épisode tempétueux.

Hauteur significative et direction des vagues Hauteur significative et direction des vagues
le 11/02/2024 04:00 (heure |égale] mise 3 jour du 12/02/2024 07h08 le 11/02/2024 05:00 (heure Iégale) mise 3 jour du 12/02/2024 0708

3msw 3m0w amsw 30w 315w 30w 35w 3w 33w 330w 325w 20w 315w ERIA 305W 3w

4355

4880

3w 3w azsw azow B 30w 3TTW 2w 3w 30w i 3w g 3w avew B

0001 02505 075 10 125 15 175 20 225 25 275 10 325 35 175 40 45 50 55 60 70 80 90 08 110 120 130 140 150 =
Unité:m

op mmer R : OR mr-emer WAVENATCH I (R - ARG W
Figure C. Simulations numériques des conditions de houle pour la matinée du 11 février 2024 (tempéte Karlotta), entre 4h et
5h du matin a partir du modele WW3 développé par le LOPS-Ifremer (base de données MARC : Modélisation et Analyse pour

la Recherche Cotiere).

Lors de la tempéte Pierrick du 9 avril 2024, les hauteurs de la houle au large ont atteint 7 m entre Oh et
1h du matin, alors que le coefficient de marée était de 112 lors de la pleine mer du matin a 8h (fig D).
Durant la PM du soir (20h), les hauteurs de la houle avaient considérablement baissé (entre 3 et 3,5 m).

Hauteur significative et direction des vagues Hauteur significative et direction des vagues
le 09/04/2024 00200 (heure |2gale) mise 3 jour du 0310472024 19h45 le 09/04/2024 01:00 (heurs 1gals) mis= 3 jour du 05042024 15ha5
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2555 N

AEE0NY
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N e . i
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L |
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Ui
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Figure D. Simulations numériques des conditions de houle pour la matinée du 9 avril 2024 (tempéte Pierrick), entre Oh et 1h
du matin a partir du modele WW3 développé par le LOPS-Ifremer (base de données MARC : Modélisation et Analyse pour la
Recherche Cotiere).
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En conclusion, les deux tempétes majeures combinées a des fortes marées survenues en 2024 n’ont
généré aucun changement morphologique significatif car la hauteur des houles n’était pas suffisamment
importante. La faible énergie de la houle, malgré des coefficients de marée élevés (> 100 a 110) n’a pas
été morphogene. A cela s’ajoute le fait que les hauteurs les plus importantes de la houle n’ont pas été
atteintes lors des pleines mers. Ainsi, le suivi topo-morphologique a haute fréquence le long des trois
profils de plage pour I'année 2024 n’a montré aucun changement morphologique majeur.
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Figure 1 : Résultats du traitement photogrammeétrique des prises de vues aériennes par drone réalisées le 18
septembre 2024 sur le Sillon de Talbert. A. Orthophotographie du secteur. B. Modele numérique d’élévation
obtenu aprés traitement des données.
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Figure 3 : Dynamiques morphosédimentaires sur le Sillon de Talbert entre septembre 2023 et septembre 2024.
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Figure 5 : valeurs du recul et de la hauteur du sillon de Talbert depuis le début des suivis en 2002.
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Suivi morphologique du Sillon de Talbert — Pleubian — Période 2023-2024
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Figure 6 : Variations de I'altitude de la créte du Sillon de Talbert entre septembre 2023 et septembre 2024.
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Suivi morphologique du Sillon de Talbert — Pleubian — Période 2023-2024
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Figure 7 : Evolution des profils transversaux du sillon de Talbert.
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Suivi morphologique du Sillon de Talbert — Pleubian — Période 2023-2024
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Figure 8 : Recul de la base du revers du Sillon de Talbert entre septembre 2023 et septembre 2024.



Suivi morphologique du Sillon de Talbert — Pleubian — Période 2023-2024
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Suivi morphologique du Sillon de Talbert — Pleubian — Période 2023-2024
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Figure 10 : Evolution du profil transversal de la breche. L’axe de ce profil est localisé sur la Figure 12.
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Figure 11 : Largeur et altitude de la bréche (partie proximale du Sillon de Talbert) entre septembre 2017 et
septembre 2023. La largeur de la bréche a la distance minimale qui sépare la ligne des pleines-mers de vive eau de
part et d’autre de la bréche. L’incision est mesurée en considérant la plus basse altitude mesurée dans la bréeche.
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Suivi morphologique du Sillon de Talbert — Pleubian — Période 2023-2024
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Figure 12 : Evolution du trait de céte au niveau de la bréche entre mars 2018 et septembre 2024.
Seuls quelques traits de cote représentatifs ont été figurés et correspondent a la ligne des pleines mers de vive-
eau.
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Annexe 1

Détail des traitements photogrammeriques (rapports des traitements
réalisés a partir du logiciel Agisoft Metashape).
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Données du levé

100 m

m>9
mo
ms

me

m2
mi

Fig. 1. Emplacements des caméras et chevauchement des images.

Nombre d'images: 655
Altitude de vol: 63.2 m
Résolution au sol: 1.67 cm/px

Zone de couverture: 0.274 km?2

Stations de caméras: 655

Points de liaison:

Projections:

468,253

5,313,309
Erreur de reprojection: 0.476 px

Modeéle de caméra

Résolution

Longueur focale

Taille de pixel

Précalibré

M3E (12.29mm)

5280 x 3956

12.29 mm

3.36 X 3.36 pm

Oui

Tableau 1. Caméras.
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Calibration de la caméra
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Fig. 2. Résiduelles des points de liaison pour M3E (12.29mm).

M3E (12.29mm)

655 images, Précalibré

Type Résolution Longueur focale Taille de pixel
Cadre 5280 x 3956 12.29 mm 3.36 x 3.36 pm
Valeur Erreur | F Cx Cy Bl B2 K1 K2 K3 K4 P1 P2

F 3620.23 0.51 1.00 { 0.54 | 0.45 | -0.01 | 0.02 | -0.91 | -0.80 | 0.89 | -0.95 | -0.54 | -0.43
Cx | -4.48233 0.016 1.00 | 0.22 | -0.04 | -0.00 | -0.49 | -0.43 | 0.48 | -0.51 | -0.90 | -0.21
Cy | -21.1754 0.015 1.00 | 0.01 | -0.03 | -0.41 | -0.37 | 0.41 | -0.43 | -0.22 | -0.91
Bl | -0.117467 0.0016 1.00 | 0.02 (0.02 |-0.01|0.00 |0.00 |0.03 |-0.01
B2 | 0.0527739 0.0016 1.00 | -0.02 | -0.01 | 0.02 | -0.02 [ -0.01 | 0.02
K1 | -0.0806681 2.5e-05 1.00 [ 0.49 |-0.64|0.75 | 0.49 | 0.39
K2 | -0.102088 7.2e-05 1.00 | -0.98 | 0.95 | 0.43 [ 0.35
K3 | 0.160259 0.00015 1.00 | -0.99 | -0.48 | -0.39
K4 | -0.0973055 0.00012 1.00 | 0.51 | 0.41
P1 | -8.17042e-05 | 5.9e-07 1.00 | 0.21
P2 | 2.03249e-05 | 5.2e-07 1.00

Tableau 2. Coefficients de calibration et matrice de corrélation.
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Points de controle au sol

*\‘
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® Points de controle

cseos{coeor)e

T Points de vérification

L'erreur Z est représentée
par la couleur de I'ellipse. Les erreurs X et Y sont représentées par la forme de I'ellipse.

Les emplacements estimés des points de contréle au sol sont marqués d'un point ou d'une

Croix.

@ 4.5cm
© 3.6cm

100 m

O 2.7cm
O 1.8cm
O 0.9cm
o 0cm

O -0.9cm
O -1.8cm
© -2.7cm
@ -3.6cm
@ 45cm

x 2000

Fig. 3. Emplacements des points de controle au sol et estimations d'erreur.

Nombre

Erreur X (cm)

Erreur Y (cm)

Erreur Z (cm)

Erreur XY (cm)

Total (cm)

14

0.452408

0.52334

2.02384

0.691778

2.13881

Tableau 3. Points de controle RMSE.

X - Est, Y - Nord, Z - Altitude.
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Etiquette | Erreur X (cm) | Erreur Y (cm) | Erreur Z (cm) | Total (cm) | Image (px)
cible13 -0.672402 1.0501 -2.95476 3.20709 0.806 (18)
cible12 -0.0186742 -0.693513 -2.53862 2.63171 0.728 (17)
cible01 0.804718 0.329864 1.19745 1.47995 0.799 (18)
cible14 -0.049948 0.875385 2.02401 2.20577 1.042 (22)
cible08 -0.17045 -0.354882 -2.16211 2.19766 0.672 (16)
cible03 0.244314 0.0679504 -1.57571 1.59599 0.735 (20)
cible07 0.470833 0.0275444 -0.748051 0.88432 0.522 (15)
cible09 -0.668498 -0.17421 0.341194 0.770488 |0.843 (18)
cible06 -0.412212 0.0511528 -0.406821 0.581411 0.506 (18)
cible05 0.888837 0.0421173 -0.425396 0.98629 0.474 (17)
cible04 -0.0916453 0.327085 -0.608372 0.696778 | 0.535 (16)
cible11 -0.114836 -0.831628 0.43747 0.946663 1.230 (23)
cible10 -0.13643 -0.0810452 3.27985 3.28369 1.273 (19)
cible02 -0.0736074 -0.635919 4.13987 4.18907 1.023 (20)
Total 0.452408 0.52334 2.02384 2.13881 0.861

Tableau 4. Points de controle.
X - Est, Y - Nord, Z - Altitude.
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Modele Numeérique d'élévation

10m

-2m

100 m

Fig. 4. Modéle numérique d'élévation reconstruit.

Résolution: 3.49 cm/px
Densité des points: 819 points/m?2
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Parametres de traitement

Général
Caméras 655
Caméras alignées 655
Repéres 14
Systéme de coordonnées RGF93 / Lambert-93 (EPSG::2154)
Angles de rotation Lacet, Tangage, Roulis
Nuage de point
Points 468,253 de 686,316
Erreur RMS de reprojection 0.186196 (0.476328 px)
Erreur Max de reprojection 1.37035 (4.95863 px)
Taille moyenne de point 2.62716 px
Couleurs des points 3 bandes, uint8
Points-clé 3.10 GB
Multiplicité moyenne des points de liaison 10.1967
Parameétres d'alignement
Précision Haute
Présélection générique Oui
Présélection par références Source
Limite de points 60,000
Limite de points-clé par Mpx 60,000
Limite de points de liaison 10,000
Exclure les points de liaison fixes Non
Correspondance d'images guidée Non
Ajustement progressif du modéle de la caméra Non
Temps de concordance 10 minutes 53 secondes
Utilisation de la mémoire de correspondance 857.67 MB
Temps d'alignement 8 minutes 29 secondes
Utilisation de la mémoire d'alignement 784.96 MB
Parameétres d'optimisation
Paramétres f, b1, b2, cx, cy, ki-k4, p1, p2
Ajustement progressif du modéle de la caméra Oui
Durée d'optimisation 27 secondes
Date de création 2023:12:19 11:01:42
Version du programme 1.8.5.15709
Taille du fichier 146.26 MB
Cartes de profondeur
Nombre 655
Paramétres de génération des cartes de profondeur
Qualité Haute
Mode de filtrage Agressif
Max voisins 16
Temps de traitement 41 minutes 10 secondes
Utilisation de la mémoire 5.64 GB
Date de création 2023:12:19 13:45:07
Version du programme 1.8.5.15709
Taille du fichier 5.13GB
Nuage de points dense
Points 260,159,966
Couleurs des points 3 bandes, uint8

Paramétres de génération des cartes de profondeur
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Qualité Haute

Mode de filtrage Agressif
Max voisins 16
Temps de traitement 41 minutes 10 secondes
Utilisation de la mémoire 5.64 GB
Parameétres de génération du nuage de points dense
Temps de traitement 1 heure 10 minutes
Utilisation de la mémoire 9.05 GB
Date de création 2023:12:19 14:55:11
Version du programme 1.8.5.15709
Taille du fichier 3.67 GB
MNE
Taille 20,684 x 16,804
Systéme de coordonnées RGF93 / Lambert-93 (EPSG::2154)
Paramétres de génération des cartes de profondeur
Qualité Haute
Mode de filtrage Agressif
Max voisins 16
Temps de traitement 41 minutes 10 secondes
Utilisation de la mémoire 5.64 GB
Parameétres de reconstruction
Données source Cartes de profondeur
Interpolation Activé
Temps de traitement 51 minutes 10 secondes
Utilisation de la mémoire 11.66 GB
Date de création 2023:12:20 09:35:06
Version du programme 1.8.5.15709
Taille du fichier 1.10 GB
Orthomosaique
Taille 41,368 x 33,608
Systeme de coordonnées RGF93 / Lambert-93 (EPSG::2154)
Couleurs 3 bandes, uint8
Parameétres de reconstruction
Mode de fusion Mosaique
Surface MNE
Activer le remplissage des trous Oui
Activer le filtre fantome Non
Temps de traitement 15 minutes 58 secondes
Utilisation de la mémoire 1.69 GB
Date de création 2023:12:20 09:53:21
Version du programme 1.8.5.15709
Taille du fichier 14.59 GB
Systéme
Nom du programme Agisoft Metashape Professional
Version du programme 1.8.5 build 15709
Systéme d'exploitation Windows 64 bit
RAM 31.72 GB
CPU Intel(R) Xeon(R) W-1250P CPU @ 4.10GHz
GPU(s) NVIDIA GeForce RTX 2060 SUPER
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Sillon de Talbert - relevé du 20 février
2024
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Données du levé

200 m

m>9

Fig. 1. Emplacements des caméras et chevauchement des images.

Nombre d'images: 810
Altitude de vol: 65.3 m
Résolution au sol: 1.66 cm/px

Zone de couverture:  0.293 km?2

Stations de caméras: 700

Points de liaison:

Projections:

288,329

2,568,086
Erreur de reprojection: 0.558 px

Modeéle de caméra

Résolution

Longueur focale

Taille de pixel

Précalibré

M3E (12.29mm)

5280 x 3956

12.29 mm

3.36 X 3.36 pm

Non

Tableau 1. Caméras.
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Calibration de la caméra
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Fig. 2. Résiduelles des points de liaison pour M3E (12.29mm).

M3E (12.29mm)

3.36 x 3.36 pm

810 images

Type Résolution Longueur focale Taille de pixel

Cadre 5280 x 3956 12.29 mm

Valeur Erreur | F Cx Cy K1 K2 K3 P1 P2

F 3740.84 0.55 1.00 [ 0.49 | 0.33 | -0.97 | 0.28 | -0.79 | -0.49 | -0.33
Cx | -2.47014 0.03 1.00 | 0.15 | -0.48 | 0.15 | -0.40 | -0.91 | -0.16
Cy | -19.3867 0.026 1.00 | -0.32 | 0.08 |[-0.25 | -0.16 | -0.89
K1 | -0.113188 3.5e-05 1.00 |-0.50 [ 0.90 |0.49 |0.32
K2 | 0.0109696 2.3e-05 1.00 |-0.80 | -0.18 | -0.09
K3 | -0.0247128 2.7e-05 1.00 [ 0.41 | 0.26
P1 | -0.000146523 | 1.1e-06 1.00 | 0.16
P2 | -4.22142e-05 | 9.2e-07 1.00

Tableau 2. Coefficients de calibration et matrice de corrélation.
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Positions de caméra

@50m
©40m
O 30m
O 20m
O 10m
o 0m
O -10m
O -20m
© -30m
@ -40m
@ 50m

x 10

200 m

Fig. 3. Emplacements de la caméra et estimations d'erreur.

L'erreur Z est représentée
par la couleur de l'ellipse. Les erreurs X et Y sont représentées par la forme de I'ellipse.

Les emplacements estimés des caméras sont identifiés par un point noir.

Erreur X (m) | Erreur Y (m) | Erreur Z (m) | Erreur XY (m) | Erreur totale (m)

1.6809 0.642546 48.4136 1.79952 48.4471

Tableau 3. Erreur moyenne d'emplacement de la caméra.
X - Est, Y - Nord, Z - Altitude.
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Points de controle au sol

oo

® Points de controle

T Points de vérification T

L'erreur Z
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m

-
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est représentée

200 m

O 0.42cm
o 0cm

0 -0.42cm
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x 2000

Fig. 4. Emplacements des points de controle au sol et estimations d'erreur.

par la couleur de I'ellipse. Les erreurs X et Y sont représentées par la forme de I'ellipse.
Les emplacements estimés des points de contréle au sol sont marqués d'un point ou d'une

Croix.

Nombre

Erreur X (cm)

Erreur Y (cm)

Erreur Z (cm)

Erreur XY (cm)

Total (cm)

20

0.622273

0.717156

1.02113

0.949493

1.39436

Tableau 4. Points de controle RMSE.

X - Est, Y - Nord, Z - Altitude.
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Etiquette | Erreur X (cm) | Erreur Y (cm) | Erreur Z (cm) | Total (cm) | Image (px)
cible01 -0.449125 -0.541262 -0.0683094 0.706642 |0.429 (17)
cible02 -0.597078 -0.378596 -1.31644 1.49427 0.471 (22)
cible04 -1.76734 1.2412 -0.142716 2.16436 0.278 (22)
cible03 -0.737418 -0.227293 0.587775 0.970014 |0.142 (23)
cible05 -0.777307 0.352723 0.0893888 0.85826 0.254 (23)
cible06 0.229647 0.72771 -0.585423 0.96178 0.392 (22)
cible07 0.383985 0.0801965 0.0664781 0.397864 | 0.506 (14)
cible08 0.776878 -0.421681 0.0433601 0.885005 |0.358 (22)
cible09 -0.461651 0.68196 1.90581 2.07612 0.477 (21)
cible10 0.545858 0.826915 1.11484 1.49152 0.428 (16)
ciblel1 -0.0725435 0.785688 2.04941 2.19605 0.346 (22)
cible12 0.261634 -0.304874 -1.01897 1.09531 0.546 (16)
cible13 0.673824 0.137458 -1.34627 1.51174 0.404 (15)
cible14 0.58134 -0.680819 -0.838471 1.22658 0.209 (21)
cible15 0.0396447 1.02184 0.035295 1.02322 0.160 (20)
cible16 0.601589 -0.986308 0.225952 1.17719 0.458 (20)
cible1l7 0.241819 0.182412 1.57854 1.60734 0.467 (21)
cible18 0.381323 -0.264268 0.407055 0.617202 | 0.299 (21)
cible19 0.362571 -1.59096 -1.73585 2.38239 0.597 (12)
cible20 -0.188231 -0.653261 -0.204215 0.709848 |0.304 (17)
Total 0.622273 0.717156 1.02113 1.39436 0.384

Tableau 5. Points de controle.
X - Est, Y - Nord, Z - Altitude.
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Modele Numeérique d'élévation

11m

200 m

Fig. 5. Modéle numérique d'élévation reconstruit.

Résolution: 3.32 cm/px
Densité des points: 907 points/m?2

Page 7



Parametres de traitement

Général
Caméras 810
Caméras alignées 700
Repéres 20
Systéme de coordonnées RGF93 / Lambert-93 (EPSG::2154)
Angles de rotation Lacet, Tangage, Roulis
Nuage de point
Points 288,329 de 968,732
Erreur RMS de reprojection 0.192052 (0.557509 px)
Erreur Max de reprojection 0.713072 (5.05134 px)
Taille moyenne de point 3.09792 px
Couleurs des points 3 bandes, uint8
Points-clé Non
Multiplicité moyenne des points de liaison 8.80413
Parameétres d'alignement
Précision La plus haute
Présélection générique Oui
Présélection par références Non
Limite de points 40,000
Limite de points-clé par Mpx 60,000
Limite de points de liaison 10,000
Exclure les points de liaison fixes Oui
Correspondance d'images guidée Non
Ajustement progressif du modéle de la caméra Non
Temps de concordance 23 minutes 1 seconde
Utilisation de la mémoire de correspondance 1.51 GB
Temps d'alignement 44 minutes 15 secondes
Utilisation de la mémoire d'alignement 2.12 GB
Parameétres d'optimisation
Paramétres f, cx, cy, k1-k3, p1, p2
Ajustement progressif du modéle de la caméra Non
Durée d'optimisation 32 secondes
Date de création 2024:04:02 09:52:50
Version du programme 1.8.5.15709
Taille du fichier 139.62 MB
Cartes de profondeur
Nombre 700
Paramétres de génération des cartes de profondeur
Qualité Haute
Mode de filtrage Modéré
Max voisins 16
Temps de traitement 35 minutes 2 secondes
Utilisation de la mémoire 13.50 GB
Date de création 2024:04:02 12:45:26
Version du programme 1.8.5.15709
Taille du fichier 5.64 GB
Nuage de points dense
Points 282,775,917
Couleurs des points Aucun

Paramétres de génération des cartes de profondeur
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Qualité Haute

Mode de fitrage Modéré
Max voisins 16
Temps de traitement 35 minutes 2 secondes
Utilisation de la mémoire 13.50 GB
Parameétres de génération du nuage de points dense
Temps de traitement 39 minutes 8 secondes
Utilisation de la mémoire 10.63 GB
Date de création 2024:04:02 13:24:38
Version du programme 1.8.5.15709
Taille du fichier 2.58 GB
MNE
Taille 23,795 x 16,009
Systéme de coordonnées RGF93 / Lambert-93 (EPSG::2154)
Parameétres de reconstruction
Données source Nuage dense
Interpolation Activé
Temps de tratement 3 minutes 2 secondes
Utilisation de la mémoire 342.89 MB
Date de création 2024:04:02 13:27:44
Version du programme 1.8.5.15709
Taille du fichier 1.17 GB
Orthomosaique
Taille 47,590 x 32,018
Systeme de coordonnées RGF93 / Lambert-93 (EPSG::2154)
Couleurs 3 bandes, uint8
Parameétres de reconstruction
Mode de fusion Mosaique
Surface MNE
Activer le remplissage des trous Oui
Activer le filtre fantome Non
Temps de traitement 20 minutes 2 secondes
Utilisation de la mémoire 2.58 GB
Date de création 2024:04:02 13:36:30
Version du programme 1.8.5.15709
Taille du fichier 15.91 GB
Systéme
Nom du programme Agisoft Metashape Professional
Version du programme 1.8.5 build 15709
Systéme d'exploitation Windows 64 bit
RAM 15.82 GB
CPU Intel(R) Core(TM) i7-8665U CPU @ 1.90GHz
GPU(s) Aucun
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Données du levé

500 m

Fig. 1. Emplacements des caméras et chevauchement des images.

Nombre d'images: 2,171 Stations de caméras: 2,171
Altitude de vol: 113 m Points de liaison: 759,435
Résolution au sol: 2.85 cm/px Projections: 13,543,930
Zone de couverture:  1.76 km2 Erreur de reprojection: 0.76 px

Modeéle de caméra | Résolution | Longueur focale | Taille de pixel | Précalibré

M3E (12.29mm) 5280 x 3956 | 12.29 mm 3.36 x 3.36 pym | Non

Tableau 1. Caméras.
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Calibration de la caméra
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Fig. 2. Résiduelles des points de liaison pour M3E (12.29mm).

M3E (12.29mm)

2171 images
Type Résolution Longueur focale Taille de pixel
Cadre 5280 x 3956 12.29 mm 3.36 x 3.36 pm
Valeur Erreur | F Cx Cy K1 K2 K3 P1 P2

F 3807.48 0.28 1.00 | 0.02 | -0.89 | -0.96 | -0.07 | -0.54 | 0.04 | 0.89

Cx | 1.07569 0.012 1.00 | -0.00 | -0.01 | -0.06 | 0.05 | -0.82 | 0.00

Cy | -24.9203 0.027 1.00 |0.85 |0.07 |0.47 |-0.06 |-0.97

K1 | -0.111392 1.7e-05 1.00 |-0.21 [ 0.74 | -0.04 | -0.85

K2 | -0.00187606 | 1.4e-05 1.00 | -0.79 | 0.00 | -0.06

K3 | -0.0171128 | 1.3e-05 1.00 |-0.03 | -0.48

P1 | 0.000312752 | 4.5e-07 1.00 | 0.06

P2 | 0.000411139 | 9.4e-07 1.00

Tableau 2. Coefficients de calibration et matrice de corrélation.
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Points de controle au sol
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Fig. 3. Emplacements des points de controle au sol et estimations d'erreur.

L'erreur Z est représentée
par la couleur de I'ellipse. Les erreurs X et Y sont représentées par la forme de I'ellipse

Les emplacements estimés des points de contréle au sol sont marqués d'un point ou d'une

Croix.
Nombre | Erreur X (cm) | Erreur Y (cm) | Erreur Z (cm) | Erreur XY (cm) | Total (cm)
42 1.05712 1.17841 3.04246 1.58309 3.42968

Tableau 3. Points de controle RMSE.
Nord, Z - Altitude.

X-Est Y -
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Etiquette Erreur X (cm) | Erreur Y (cm) | Erreur Z (cm) | Total (cm) | Image (px)
cible-serge... | 0.407855 0.994811 -3.76554 3.91603 1.355 (30)
cible-serge... | -1.26259 -0.247382 -0.654144 1.44334 0.627 (33)
cible-serge... | 0.365 -0.304293 -3.5591 3.59068 1.034 (32)
cible-isa-13 | 0.197548 2.29637 4.29183 4.87156 1.241 (33)
cible-isa-14 | -0.630485 -0.968638 2.07597 2.37601 0.761 (32)
cible-pierr... |0.907274 -0.487365 0.103621 1.03509 0.659 (34)
cible-pierr... | 0.752279 -1.26469 -2.12139 2.58179 1.101 (36)
cible-isa-12 | -3.14684 -1.04801 4.39156 5.50334 1.032 (28)
cible-pierr... |0.552517 -0.396221 -1.66498 1.79845 0.549 (35)
cible-isa-11 | -0.150986 -0.681964 2.6018 2.69393 0.660 (25)
cible-serge... | 0.202097 2.33196 -3.43048 4.15296 0.812 (35)
cible-isa-10 |-0.580277 -0.962268 2.90201 3.11197 1.143 (30)
cible-pierr... |0.118426 0.717358 -4.40691 4.46648 1.223 (30)
cible-serge... |-0.152753 0.0569928 -5.72025 5.72257 1.519 (33)
cible-serge... | 1.76935 -0.197422 -4.19154 4.55397 0.750 (36)
cible-isa-09 |-0.567298 -0.995521 4.86771 5.00075 1.223 (26)
cible-pierr... |0.243785 -1.83642 -2.82916 3.38171 0.801 (31)
cible-serge... | 0.92535 0.163247 -2.48738 2.65894 0.997 (32)
cible-pierr... |1.17616 -0.314069 1.7258 2.11196 0.610 (33)
cible-serge... | 0.795644 1.36907 -0.353468 1.62245 0.368 (36)
cible-isa-08 | -0.282601 0.976317 7.53758 7.6058 1.437 (31)
cible-pierr... |-0.00337389 |1.11457 -2.7111 2.93126 0.988 (31)
cible-isa-07 | -0.81383 -2.09415 -0.836531 2.39741 0.959 (27)
cible-serge... |-0.692288 -0.462291 -1.34744 1.58384 0.678 (35)
cible-isa-06 |-1.71347 0.716096 3.85941 4.28297 0.812 (35)
cible-pierr... |-0.719312 1.14789 -1.4202 1.96266 0.489 (34)
cible-serge... | 1.42444 -0.395033 -1.56502 2.15275 0.797 (30)
cible-isa-05 |-1.06723 -1.36753 1.97753 2.63054 0.867 (34)
cible-pierr... |1.4081 -1.31979 -4.26693 4.68308 0.796 (34)
cible-serge... | 0.0647878 2.59482 0.97462 2.77257 0.484 (36)
cible-isa-03 | -0.183228 -1.81076 0.698364 1.9494 0.765 (28)
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Etiquette Erreur X (cm) | Erreur Y (cm) | Erreur Z (cm) | Total (cm) | Image (px)
cible-pierr... |0.487014 -0.284913 -3.07567 3.12699 0.771 (32)
cible-serge... | -0.226564 1.01294 0.560304 1.17954 1.063 (32)
cible-chou... |1.03692 1.14342 1.47557 2.1354 1.187 (32)
cible-serge... | -0.794127 0.181052 1.05718 1.33456 0.532 (29)
cible-chou... | 0.519096 1.41929 -0.873314 1.74543 0.836 (31)
cible-pierr... |-0.135251 -0.349947 1.08657 1.14952 0.350 (24)
cible-isa-01 | 0.434769 -1.40043 4.57786 4.80698 1.029 (30)
cible-isa-02 | -2.60441 -0.649541 0.672708 2.7672 0.914 (32)
cible-pierr... |-1.16179 -1.26175 -4.7974 5.09478 1.025 (35)
cible-pierr... |2.37907 -0.66509 -1.78626 3.04845 1.853 (6)
cible-serge... | 0.242524 1.64941 1.52273 2.25789 0.883 (16)
Total 1.05712 1.17841 3.04246 3.42968 0.927

Tableau 4. Points de controle.
X - Est, Y - Nord, Z - Altitude.
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Modele Numeérique d'élévation

10m

500 m

Fig. 4. Modéle numérique d'élévation reconstruit.

Résolution: 5.69 cm/px
Densité des points: 309 points/m?2
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Parametres de traitement

Général
Caméras 2171
Caméras alignées 2171
Repéres 42
Systéme de coordonnées RGF93 / Lambert-93 (EPSG::2154)
Angles de rotation Lacet, Tangage, Roulis
Nuage de point
Points 759,435 de 1,570,270
Erreur RMS de reprojection 0.311078 (0.760425 px)
Erreur Max de reprojection 1.48913 (8.99367 px)
Taille moyenne de point 2.55334 px
Couleurs des points 3 bandes, uint8
Points-clé Non
Multiplicité moyenne des points de liaison 14.8141
Parameétres d'alignement
Précision Haute
Présélection générique Oui
Présélection par références Non
Limite de points 60,000
Limite de points-clé par Mpx 60,000
Limite de points de liaison 10,000
Exclure les points de liaison fixes Non
Correspondance d'images guidée Non
Ajustement progressif du modéle de la caméra Non
Temps de concordance 1 heure 30 minutes
Utilisation de la mémoire de correspondance 3.36 GB
Temps d'alignement 39 minutes 12 secondes
Utilisation de la mémoire d'alignement 1.87 GB
Parameétres d'optimisation
Paramétres f, cx, cy, k1-k3, p1, p2
Ajustement progressif du modéle de la caméra Non
Durée d'optimisation 2 minutes 6 secondes
Date de création 2024:09:20 14:20:04
Version du programme 1.8.5.15709
Taille du fichier 377.11 MB
Cartes de profondeur
Nombre 2167
Paramétres de génération des cartes de profondeur
Qualité Haute
Mode de filtrage Modéré
Max voisins 16
Temps de traitement 2 heures 23 minutes
Utilisation de la mémoire 11.09 GB
Date de création 2024:09:21 01:02:39
Version du programme 1.8.5.15709
Taille du fichier 16.28 GB
Nuage de points dense
Points 510,486,224
Couleurs des points Aucun

Paramétres de génération des cartes de profondeur
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Qualité Haute

Mode de fitrage Modéré
Max voisins 16
Temps de traitement 2 heures 23 minutes
Utilisation de la mémoire 11.09 GB
Parameétres de génération du nuage de points dense
Temps de traitement 2 heures 41 minutes
Utilisation de la mémoire 13.94 GB
Date de création 2024:09:21 03:43:59
Version du programme 1.8.5.15709
Taille du fichier 4.58 GB
MNE
Taille 44,138 x 39,223
Systéme de coordonnées RGF93 / Lambert-93 (EPSG::2154)
Parameétres de reconstruction
Données source Nuage dense
Interpolation Activé
Temps de tratement 8 minutes 15 secondes
Utilisation de la mémoire 337.81 MB
Date de création 2024:09:21 03:52:19
Version du programme 1.8.5.15709
Taille du fichier 2.53 GB
Orthomosaique
Taille 25,120 x 22,323
Systeme de coordonnées RGF93 / Lambert-93 (EPSG::2154)
Couleurs 3 bandes, uint8
Parameétres de reconstruction
Mode de fusion Mosaique
Surface MNE
Activer le remplissage des trous Oui
Activer le filtre fantome Non
Temps de traitement 22 minutes 46 secondes
Utilisation de la mémoire 2.01 GB
Date de création 2024:09:21 04:07:37
Version du programme 1.8.5.15709
Taille du fichier 7.95 GB
Systéme
Nom du programme Agisoft Metashape Professional
Version du programme 1.8.5 build 15709
Systéme d'exploitation Windows 64 bit
RAM 15.82 GB
CPU Intel(R) Core(TM) i7-8665U CPU @ 1.90GHz
GPU(s) Aucun
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ARTICLE INFO ABSTRACT

Keywords: Coastal barriers are a natural defence against the marine submersion of low-lying back-barrier areas. In March
Gravel spit 2018, a breach opened up in the proximal section of the Sillon de Talbert spit barrier (North Brittany, France),
Bread? ) causing great concern among local residents and elected representatives. A study to assess the risk of submersion
FMlZZ:iﬁigmk of the low-lying areas of the Laneros Peninsula, located behind the barrier, was carried out in 2020. Hydrody-

namic conditions (waves, currents, and water levels) were modeled using Telemac-2D coupled with the phase-
averaged wave model TOMAWAC. Simulations were compiled for the storm of February 1, 2014, corresponding
to the most morphogenic event to occur in the last two decades. Five topomorphological configurations were
considered for the numerical simulations: configurations #1 and #2 correspond to the ante-breach and post-
breach morphological settings, while configurations #3, #4, and #5 correspond to hypothetical scenarios,
from the enlargement of the breach (from 300 to 500 m width), to complete crest lowering of the barrier after a
complete removing of the crest due to catastrophic overwash events. The results show that the breach accelerates
the draining of the back-barrier sandflat, thereby reducing the height of extreme water levels at the coastline.
This is mainly due to different tidal impacts on either side of the barrier, with a higher water level and the tidal
peak occurring 15 min later and the on the back-barrier than on the ocean-side zone. As a result, ebb currents
begin to flow before the high tide level is reached, inducing a significant draining with a lowering of the extreme
water level at the back-barrier zone. However, these simulations do not take into account the effects of climate
change over the coming years, in particular the future rise in sea level and/or the acceleration of erosion pro-
cesses already underway.

Coastal management, Brittany

1. Introduction

Coastal barriers provide an effective coastal defence for the low-lying
back-barrier areas (Schoonees et al., 1998; Hartley and Pontee, 2008;
Pye and Blott, 2009; Dornbusch, 2017). Therefore, they act as natural
coastal protection feature since they may significantly dissipate ener-
getic storm wave energy related to overwash and flooding hazards
(Plomaritis et al., 2018; Pollard et al., 2021). Coastal barriers (including
barrier-spits and barrier-islands) are widely spread along the world's

* Corresponding author.

coastline. While they are mainly composed of sand, a few proportion of
gravel-dominated barriers are concentrated in formerly glaciated areas
in mid- and upper-latitudes (Forbes et al., 1995; Orford et al., 1995,
2002). Due to the steep beach sea-face related to the coarse sediments
composing these coastal landforms, gravel barrier morphodynamics are
mainly dominated by highly reflective processes (Carter and Orford,
1984; Jennings and Shulmeister, 2002; Buscombe and Masselink, 2006),
and occasionally by infragravity waves (Bertin et al., 2018; Billson et al.,
2019). Therefore, during storm wave conditions, energetic swash

E-mail addresses: pierre.stephan@univ-brest.fr (P. Stéphan), serge.suanez@univ-brest.fr (S. Suanez), thomas.guerin@bw-cge.fr (T. Guérin), aurelie.rivier@
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motions generated by waves breaking close to -and/or on- the lower
beach face induce frequent overtopping/overwashing of the barrier
crest (Carter and Orford, 1981; Poate et al., 2013; Almeida et al., 2015).

For swash-aligned barriers, overtopping to overwashing processes
affecting gravel barriers mainly occur during extreme storm conditions.
However, according to the storm-impact scaling model of Orford and
Carter (1982), the morphological responses of the barriers to storm
impact are ranged into four distinct regimes: (i) swash overtopping
inducing crest raising, (ii) discrete overwash inducing crest lowering, (iii)
sluicing overwash inducing barrier landward migration through rollover,
and (iv) exceptionally catastrophic overwash inducing barrier breaching.
These different barrier responses to storm events are controlled by the
elevation difference between the extreme water level (including runup)
and the barrier crest, which is known as freeboard (Orford and Anthony,
2011). When the extreme water level does not exceed the crest height (i.
e., positive freeboard), regime of energetic swash processes induce the
raising of the barrier. In contrast, as the extreme water level starts to
exceed the crest height (i.e., negative freeboard), the top of barrier starts
to erode and sediments are displaced to the back-barrier slope. As the
extreme water level and swash flows increase even more, overtopping is
replaced by catastrophic overwashing that may open a breach along the
barrier (Orford and Carter, 1995).

The breaching process also impacts the drift-aligned barriers, which
are very sensitive to longshore sediment supply (Orford et al., 1991).
The scarcity of sediment generally induces an erosion of the barrier in
the updrift (proximal) zone. Along the barrier, selective sediment
transports tend to lead to the formation of distinct erosion/accretion
cells, and even sub-cells. Within each cell or sub-cell, sediment is eroded
updrift to be accumulated downdrift (sink zone) where the shoreline is
prograding. With time, these processes lead to a thinning of the updrift
eroded zone (weaker point), eventually resulting in a breaching of the
barrier (Orford et al., 1996).

The study of sandy- and gravel-dominated barrier breaching pro-
cesses and the related environmental and socio-economic consequences
has been the subject of numerous studies (Kraus and Wamsley, 2003;
Wamsley and Kraus, 2005; Stockdon et al., 2007; Dornbusch, 2017;
Plomaritis et al., 2018). The East and Gulf Coasts of the United States (i.
e., from Florida to New York States), which are regularly impacted by
severe hurricanes, have clearly been the most studied areas in the world
for barrier breaches, particularly those of barrier-islands (Plant et al.,
2010; Plant and Stockdon, 2012; Stockdon et al., 2012, 2013). In natural
areas with no human settlements, the consequences are essentially
environmental due to the modification of hydrologic exchanges between
the sea and the back-barrier lagoons (Kraus et al., 2002). These modi-
fications can result in increased water levels linked to the inflow of
marine water (Elsayed and Oumeraci, 2016), inducing saltwater intru-
sion to the deeper freshwater aquifers (Elsayed and Oumeraci, 2018).
Under these conditions, the biodiversity of the coastal wetland
ecosystem is affected by the changes in the salinity of the surface water
(Li et al., 2020). In terms of morphological features, overwashing flows
causing erosion and barrier breaching generally lead to inlet formation
(Leatherman, 1979a; Nienhuis et al., 2021). The removed sediments can
then be deposited and form washover fans (Leatherman, 1979b; Carter
and Orford, 1981, 1984). However, the most significant risk generated
by the opening of breaches in the coastal barriers deals with flood hazard
management and habitat conservation (Pye and Blott, 2009; Durand
etal., 2010; Pollard et al., 2021). The threats to coastal communities due
to the damage of property (including loss in life) have led to an in-depth
assessment of the storm overwash induced breaching hazards on coastal
barriers (Schoonees et al., 1998; Kraus et al., 2002; Plant et al., 2010;
Plant and Stockdon, 2012; Stockdon et al., 2012, 2013; Plomaritis et al.,
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2018).

This present study deals with the assessment of the flooding risk of a
low-lying inhabited area of the Laneros Peninsula after the opening of a
breach in the Sillon de Talbert spit barrier (North Brittany). This breach
opened in March 2018 in the proximal section of the barrier spit (Suanez
etal., 2018a), leading the inhabitants and politicians of the municipality
to fear the possibility of coastal flooding. While the scientific council of
the Sillon de Talbert Natural Reserve refused any engineering inter-
vention (such as those proposed by Stéphan et al., 2018a) aimed at
filling the breach with sediment replenishment, the mayor of Pleubian
wished to carry out a study on the coastal flooding risk of the low-lying
zone of the Laneros Peninsula located behind the breach. Besides the
purely scientific aspects, the objective of this study was also to give the
potentially impacted inhabitants accurate information on the potential
flooding. This study was carried out between 2020 and 2021 with the
help of a consulting company specializing in hydrodynamic modelling,
taking into account several hypothetical scenarios of morphological
evolution of the breach and/or the barrier in its proximal part.

2. Study area
2.1. Geomorphologic and hydrodynamic setting

The gravel barrier spit of the Sillon de Talbert is located on the
northern coast of Brittany in the department of Cotes d'Armor (Fig. 1).
This coast experiences a megatidal range of up to ~11 m for the highest
astronomical tide (SHOM, 2016). The most frequent swells come from
the WNW with a resultant vector of around 303°N (Fig. 1b). Conse-
quently, the waves break with an angle according to the average
coastline's orientation (~50°N). Therefore, this non-parallel swash
alignment generates a longshore current oriented from the SW to the NE.
The most frequent offshore wave heights (Hp,o) range between 1 and 1.5
m, and between 9 and 10 s for wave period (Tp,). During storms, wave
heights can reach 9 m with periods of 20 s (Suanez et al., 2022).

The Sillon de Talbert gravel barrier spit stretches over 3.5 km long
and it is composed of a volume reaching 1.23 x 10° m® of sandy-gravel
sediment (Stéphan et al., 2012). This barrier shelters a large intertidal
zone corresponding to a sandflat scattered with reefs and some Pleis-
tocene marine deposits. The highest parts of the sandflat are covered
with a dense halophyte vegetation, particularly in the La Petite Greve
area towards the back of the proximal part of the spit (Fig. 2b). The
barrier spit is driven by both longshore and cross-shore dynamics
(Stéphan et al., 2018a; Suanez et al., 2018a), however, since cross-shore
sediment transfers are dominant as compared to longshore sediment
transfers (430,000 m® vs 52,000 m? between 2002 and 2019) (Suanez
et al., 2020), the Sillon de Talbert is considered to be a single-ridge
swash-aligned barrier. According to the morphological and sedimen-
tary features, Stéphan et al. (2012) have subdivided the barrier into four
distinct morphosedimentary units (Fig. 1c), from the proximal sandy
dune section (Unit 1) to the gravel distal section (Unit 4). These two
sections are the most stable in terms of shoreline dynamics, while the
last two sections, corresponding to the proximal gravel section (Unit 2)
and the gravel median section (Unit 3), have displayed the largest
retreat since 1930, up to —160 m and —150 m, respectively (Stéphan
et al., 2012, 2018a; Suanez et al., 2018a). The long-term morphological
evolution of the Sillon de Talbert indicates that at the beginning of the
18th century its morphology has changed from a barrier anchored at
both ends, to a barrier spit disconnected from the islets of the Olone
archipelago located in the NE (Fig. 1c) (Stéphan et al.,, 2012). This
change of morphology increased the longshore sediment transport
through a cannibalization process, mainly throughout the 19th and 20th
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Fig. 1. Location map. (a) regional scale; (b) local scale. Wave rose established from the data obtained by the ANEMOC numerical model over the period of
1979-2002 (source: Laboratoire National d'Hydrolique et d'Environnement, LNHE-EDF Chatou, and CEREMA-Brest) at the calculation point 3°12.66' W; 48°56.28' N;
depth of 36.1 m. (c) Different longshore morphological units of the spit and representative beach profiles of the four units (after Suanez et al., 2018a, modified).

centuries with the sediment depletion and rollover of the landward
displacement of the barrier spit. As indicated above, Stéphan et al.
(2012) calculated an average of landward migration rate of up to —1.1
m.yr~! between 1930 and 2010. More recently, Stéphan et al. (2018a)
and Suanez et al. (2018a) indicated an increase of this averaged rate
over the last fifteen years (2002-2017), reaching —2 m.yr'. A recent

study based on a high frequency survey carried out along two beach
profiles between 2012 and 2019 shows a landward migration rate
reaching —3.3 to —4.3 m.yr ! (Suanez et al., 2022). Both longshore and
cross-shore dynamics affecting sediment transport and spit barrier
migration lead to the opening of a breach on March 2018 on the prox-
imal section of the spit barrier (Suanez et al., 2018a).
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Fig. 2. Anthropogenic features. (a) Protected areas of the “Conservatoire du Littoral” (yellow) and nature reserve (red). (b) Map of human settlements in habitats along
the Laneros Peninsula coastline. Source: DEM is a merge of the 2012 LiDAR data from the Service Hydrographique et Océanographique de la Marine database Litto3D®
(SHOM, 2008) and a drone measurement of the breach section achieved in 2019. Cadastral data on building locations for the entire study area come from the French
government's open access database (https://cadastre.data.gouv.fr/). (c) and (d) Aerial photos of La Petite Greve (photo credit: J. Ammann 2023-03-02). (d) Aerial
photography of La Petite Greve and Mer Melen-Laneros, respectively (photo credit: J. Ammann, 2023-03-02).

2.2. Management policy and human settlement setting

The Sillon de Talbert is part of a protected natural area called
“Réserve Naturelle Régionale du Sillon de Talbert” (https://www.reserve
s-naturelles.org/sillon-de-talbert) created in 2006 by the Brittany re-
gion and the French State. The perimeter of this nature reserve covers
around 205 ha (Fig. 2a). In addition, the “Conservatoire du Littoral” has
established a preemption area on the privately owned lands bordering
the southern limit of the Nature Reserve, which was extended to include
the archipelago of Olone in 2018 (Fig. 2a). Three stakeholders have
established a management plan for a period of five years: the Brittany
region, Conservatoire du Littoral, and the local authorities (municipality
of Pleubian). The latter is in charge of the implementation of the man-
agement actions, which are defined and voted on by the scientific
council of the Nature Reserve. Therefore, the municipality of Pleubian,
through the authority of the mayor, cannot carry out any intervention on
the morphology of the Sillon de Talbert barrier spit —especially in terms
of engineering works— without the agreement of the scientific council of
the nature reserve.

The gravel spit barrier acts as a “natural structure” for coastal
defence. It mainly protects the Laneros Peninsula located behind the
proximal section of the spit (Fig. 1). The role of coastal defence is even
more important as this peninsula is urbanized (Fig. 2b). Though most of
the housing is located in the south of the peninsula, there are still a few

isolated houses close to the shoreline on the north coast. As indicated in
the paragraph above (Section 2.1), the question of the risk of coastal
flooding, even if very limited in this area, arose when the breach opened
in March 2018 in the proximal section of spit.

Fig. 2b illustrates the morphological and hydrodynamic context
taking into account the Mean High Water Spring tide (MHWS) which
reaches 4.83 m asl, and the Highest Astronomical Tide (HAT), which
reaches 5.89 m asl (above sea level —asl- used throughout the text refers
to the topographic reference level corresponding to the French geodetic
Datum NGF-IGN69). We can see that on the north coast of the peninsula,
about ten houses near the shoreline are potentially subject to the risk of
coastal flooding. Indeed, the highest astronomical tide level (HAT) is
very close to these houses, especially in the sector of La Petite Greve
(Fig. 2¢) and Mer Mélen (Fig. 2d), between the neighborhoods of Le
Québo to the west, and Laneros to the east. This sector is low-lying and
oriented from the north to the south, which extends to the very dense
housing zone located to the south. It is mainly in this sector that the risk
of coastal flooding is of the greatest concern for the local population.

3. Opening and morphological evolution of the breach
The opening of the breach in the proximal part of the Sillon de Tal-

bert took place between the 3rd and 4th of March 2018, during a high
spring tide (tide level decreased from 5.54 to 5.18 m asl between March
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Fig. 3. (a) Aerial photo of the Sillon de Talbert before the opening of the breach (Photo credit: D. Halleux, September 23, 2009). (b) Aerial photo of the breach on the
proximal section of the Sillon de Talbert 6 months after the opening (Photo credit: J. Ammann, September 14, 2018). Both photos show coastal defence structures and
longshore currents. Numbers correspond to the houses built on the coastline. (c) Shoreline changes of the proximal section between 2002 and 2018. The limit of the
shoreline is defined by the highest astronomical tide level (HAT) extracted from DEMs produced from 2002 to 2018.

3rd and 4th, and surge from 0.39 to 0.34 m) and fair offshore wave
conditions (significant wave height from 1.22 to 0.40 m) (Fig. 3a and b).
The breach opening was therefore due to the barrier flooding by a tide
with strong ebb tide current, not by energetic waves. As indicated above,
this rupture was part of a long process of erosion of the proximal part of
the barrier through a cannibalization phenomenon (Suanez et al.,
2018a). This evolution resulted in a very significant reduction in the
width of the barrier in this weakened sector (Fig. 3c), which the authors
described as a “wasp's waist” (Stéphan et al., 2018a).

The significant morphological evolution of the breach was extremely
rapid and significant during the first year after it opened. The topo-
morphological survey undertaken from February 2018 using KAP (Kite
Aerial Photography) and UAVs (Unmanned Aerial Vehicle) indicated
wide-spread morphological changes (Fig. 4a). Between February 2018
and May 2023, the breach gradually widened by about 50 m and
deepened of about 3 to 3.5 m (Fig. 4b). The evolution of the coastline in
the area of the breach shows that the retreat of the western bank has
been continuous over time, following an east-west progression (Fig. 4c).

The evolution of the eastern bank is more complicated. It has resulted in
a lowering of the beach profile of up to 2.5 m due to the landward
migration through a rollover process (Fig. 4b, c).

However, since the end of 2019 and beginning of 2020, the breach
channel incision has stopped with the complete removal of the soft
sedimentary accumulation of the barrier (sands and pebbles). Much of
this sandy material actually built up a large flood lobe that accumulated
as a washover fan in the back-barrier salt marsh, which grew over time
(Fig. 5a, b, c). Beyond the morphosedimentary and hydrodynamic as-
pects, the accumulation of this sandy washover fan has also had an
impact on the marsh's ecological environment, particularly in terms of
flora. Since 2020, the erosive dynamics have impacted the compact and
resistant Pleistocene hard clay layer, which significantly limits the
incision of the channel through the breach (Fig. 5d). Currently, the
current main evolution of the breach is a continuous retreat of its
western bank, and a displacement by rollover of its eastern bank, which
tends to flatten through a spreading of the material (Fig. 4b, c).
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Fig. 4. Morphological evolution of the breach based on elevation changes between September 2017 and December 2021 (a). (b) Morphological changes of the breach
along the cross-shore profile A-B. (c) Shoreline changes on the breach area since it opened (from 07/03/2018 to 15/12/2021).
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Fig. 5. Morphological changes of the breach zone between 2018 and 2023. a) Morphology of the breach six months after opening. No washover fan has yet
accumulated (Photo credit: Jérome Ammann - 13/09/2018). b) Washover fan corresponding to the sandy flood lobe accumulated on the back-barrier salt marsh
through the breach of the Sillon the Talbert (Photo credit: Jérome Ammann - 18/09/2019). c) Five years after the opening of the breach, the enlargement of the
washover fan is linked to the widening of the breach, which favors more intense sediment transport (Photo credit: Jérome Ammann - 02/03/2023). d) Photo taken on
July 14, 2023 showing of the hard clay layer on the bottom of the breach (Photo credit: Julien Houron).

4. Data and methods

The numerical modelling system employed in the present study to
further analyse the effect of the Sillon de Talbert gravel barrier
breaching on the hydrodynamics of the area is described in this section,
along with the required data and forcing processess.

4.1. Dataset

4.1.1. Topo-bathymetric data

The topo-bathymetric setting used in the modelling system corre-
sponds to a merging from three different sources. The first dataset is a
high resolution (1 x 1 m) topo-bathymetric digital elevation model
(DEM) produced by IFREMER using airborne LiDAR measurements from
October 2002 (Boersma and Hoenderkamp, 2003). These data cover
both the terrestrial and the intertidal zone up to a depth of —5 m asl,
from the Jaudy estuary in the west to the Bréhat archipelago in the east.
The second dataset corresponds to the DEMs (ante- and post-breach
opening, i.e. September 2017 and October 2019, respectively) pro-
duced as a part of the topo-morphological survey of the Sillon de Talbert
(Stéphan et al., 2018b, 2023). These data were collected using DGPS
measurements in Real Time Kinematics mode. The third dataset consists
of the bathymetry, extended from the tidal zone to the shelf platform,
corresponding to the DEM HOMONIM provided by the Service Hydro-
graphique et Océanographique de la Marine (SHOM), with a resolution of
~100 m.

4.1.2. Tidal, wave and atmospheric forcing

The predicted astronomical tides were obtained from the tidal
database FES 2014 (finite element solution), produced by Noveltis,
Legos, and CLS and distributed by Aviso+, with support from Cnes
(Carrere et al., 2016), using 34 harmonic tidal constituents with a spatial

resolution of 1/16°.

Offshore wave data from 1994 to 2016 were obtained from the
HOMERE hindcast dataset (Boudiere et al., 2013). This hindcast was
generated with the WAVEWATCH III® (WW3) spectral model (Roland
and Ardhuin, 2014; Tolman and the WAVEWATCH III® Development
Group, 2014). The model is based on an unstructured grid covering the
Channel - Bay of Biscay area with a spatial resolution of ~250 m in the
coastal zone. The model was forced by wind fields from the NCEP-CFSR
(NOAA) reanalysis with a spatial resolution ranging from 0.25° to 0.5°
(Saha et al., 2010) and by the surface currents generated from an atlas of
harmonic tidal constituents obtained from outputs of the MARS circu-
lation model (Lazure and Dumas, 2008).

Wind (speed and direction) and atmospheric pressure fields were
accounted for the hydrodynamic part of the numerical modelling system
in order to represent storm surge, wind-induced currents, and their ef-
fects on wave fields. They were obtained from the CFSR (Climate
Forecast System Reanalysis) database produced by the NCEP and based
on a global model that uses observations from data sources including
surface observations, upper air balloon observations, aircraft observa-
tions, and satellite observations (Saha et al., 2010).

4.2. Model description

The numerical modelling system uses the hydrodynamic model
Telemac-2D (Ata, 2018), coupled with the phase-averaged wave model
TOMAWAC (Fouquet, 2018).

4.2.1. Telemac-2D for hydrodynamic modelling

The Telemac-2D model, developed by the “Laboratoire National
d'Hydraulique et Environnement” (LNHE), was used to simulate hy-
drodynamic conditions. Telemac-2D solves the shallow-water (Saint-
Venant) hydrodynamic equations using finite-element or finite-volume
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methods on unstructured computational meshes. These equations ex-
press the conservation of mass (continuity equation) and the conserva-
tion of momentum (dynamic equations) in the two horizontal space
directions (2DH) at any point of the computational domain. Telemac-2D
has been frequently used to simulate hydrodynamic conditions in
coastal, river, and estuarine zones (Breugem, 2020) as it deals with non-
permanent free surface flows in shallow water. The model uses un-
structured meshes, which are skilled in representing complex geometries
by locally refining the resolution of the computational grid near the
shoreline (Galland et al., 1991).

Telemac-2D takes into account the meteorological effects by inte-
grating wind and atmospheric pressure, and calculates wave-induced
currents, and wave setup based on the concept of radiation stress. The
model can also simulate hydrodynamic conditions on the intertidal
zones alternatively covered and uncovered by the water over time.

4.2.2. TOMAWAC for wave propagation

The TOMAWAC simulation module is used to model spectral wave
progradation in coastal areas. It is based on the wave action density
evolution equation (i.e. the energy density divided by the pulsation).
Since TOMAWAC is a “third generation” model, it does not impose any
parameterization on the spectral or directional distribution of the wave
energy (or wave action). The simulation includes various processes such
as (i) wave-bottom interaction (including refraction, shoaling, bottom

140/000)
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friction, and breaking depth effects), (ii) wave-atmosphere interaction
(including wind-to-wave energy transfer, white capping, nonlinear en-
ergy transfers between frequency quadruplets effects), (iii) wave-current
interaction (including refraction, shoaling, counter-current breaking),
and (iv) wave-tide interaction.

4.2.3. Wave-currents interactions

The interactions between currents and waves can lead to variations
in the wave direction, frequency, and amplitude (Ardhuin et al., 2012;
Villas Boas et al., 2020). In the macro to megatidal environments, the
effects of currents on waves are emphasised by the tide. The dissipation
of waves by strong currents (wave blocking effect) is parameterized
according to the formulation by van der Westhuysen et al. (2012). When
wave propagation is impeded by an opposing current, wave height and
steepness increase and can break. An energy transfer within the wave
spectrum can then be observed in areas with strong currents. These ef-
fects are simulated by coupling Telemac-2D and TOMAWAC data every
1 min, in order to provide information to each other, i.e., water depth
and current from Telemac-2D to TOMAWAC and radiation stresses from
TOMAWAC to Telemac-2D.

4.2.4. Model domain and boundary conditions

The employed numerical modelling system is based on a finite
element method (FEM) using a unique unstructured grid (triangular
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Fig. 6. Model setup based on a single unstructured grid, from coarse (G1: 2-3 km), to medium (G2: 500-200 m, and G3: 100-50 m), to small (G4: 5-2 m) spatial
resolution. The yellow circles in (a) indicate the location of the HOMERE wave data extraction points used for wave forcing at the grid boundary. White crosses in (a)
represent the location of the four calculation points used for the validation of the current velocity and direction between the Telemac-2D model and the predictions
achieved by the SHOM. Yellow stars in (b) correspond to the three locations of tide predictions by the SHOM to validate the Telemac-2D simulated water levels.
Yellow and green triangles (c) correspond respectively to wave measurement and modelling (WW3 HOMERE) points used in Section 4.5.
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meshes) for both hydrodynamic and wave modules. Unlike regular
grids, the meshes associated with unstructured grids can be coarse in a
wide zone far from the study area, becoming finer the closer you get to
the area of interest. In this study, a single grid was used consisting of
56,175 nodes and 110,642 triangular elements. In order to correctly
represent large-scale hydrodynamic processes such as tide propagation,

Geomorphology 461 (2024) 109302

the computational grid extends over ~108 km along the west-east di-
rection, from the Primel Cap (Plougasnou town) to the Fréhel Cap, and
extends up to 35 km offshore to the north of the Sillon de Talbert
(Fig. 6a). The offshore limit of the computational grid has been defined
in such a way that the positions of the 2D sea-state spectra (frequency/
direction) in the HOMERE database (yellow circles in Fig. 6a)
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Fig. 7. Comparison of water levels (m asl) between the Telemac-2D model (curves in blue) and the SHOM predictions (curves in red), for three tide conditions: (a)
mean high water neap (MHWN) corresponding to the French tide coefficient 45, (b) mean high water spring (MHWS) corresponding to the French tide coefficient 95,
and (c) high astronomical tide (HAT) corresponding to the French tide coefficient 115, for the three reference ports of Port Béni, Les Héaux-de-Bréhat, and Bréhat
Men Joliguet (see Fig. 6b). Comparison of tidal currents (in m.s 1) between the Telemac-2D model (curves in blue) and the SHOM tidal current predictions (curves in
red) for a mean high water neap (d) and mean high water spring (d) at four different location extraction points (see Fig. 6a). Comparison of situ pressure sensor
(0SSI) and WW3-simulated (HOMERE) wave heights (Hy,o) over the period 2012-2016 (f). Q-Q graph of the entire wave dataset (g). Comparison of both wave

datasets for tide levels above MHWS (h) and HAT (i).
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approximatively correspond approximately with nodes of the grid
boundary. Offshore, the coarser mesh resolution is about 2-3 km (see G1
in Fig. 6a). The resolution of the mesh progressively decreases from 500
m to 200 m between Ile-Grande and Minard Cap (see G2 in Fig. 6b), then
from 100 m between the Trieux and the Jaudy Rivers (see G3 in Fig. 6¢)
to ~50 m in front of the Sillon de Talbert (from Crec’h Maout Cap to
Laneros Peninsula) (Fig. 6¢), and from 5 m to 2 m in the tidal zone and
the breach, respectively (see G4 in Fig. 6d).

The model used tidal elevation forcing data from the FES 2014 tidal
database and hourly wave spectra from the WW3 HOMERE database
(see Section 4.1.2). Output locations bordering the offshore boundary of
the model domain were used to force the TOMAWAC model by inter-
polating the wave spectra along the offshore nodes of the model
boundary. For the nodes forming the terrestrial boundary of the model, a
“free evolution of the flow” condition was specified. In addition, CFSR
atmospheric data (wind and pressure, see Section 4.1.2) were been
considered for the wind-driven currents, the storm surge, and the wind-
driven wave generation modelling.

Several tests were conducted and focused on the bottom friction law
(Strickler, roughness length, etc.) and the associated friction coefficient.
This parameterization was carried out mainly on water levels, and to a
lesser extent on currents (not shown). The optimal parameterization
deduced from this step led to the use of Strickler's Law with a coefficient
of 25 for the friction on the bottom, and the Smagorinsky parameteri-
zation for the turbulence.

4.3. Hydrodynamic validation

4.3.1. Water level validation

Validation of the water level produced by Telemac-2D was
completed by the comparison to the predicted tide levels calculated by
the SHOM at three different locations (i.e. Port Béni in the west, Les
Héaux-de-Bréhat to the north, and Bréhat Men Joliguet in the east) (see
Fig. 6b), and for three tide conditions (i.e., mean high water neap -
MHWN, mean high water spring - MHWS, and highest astronomic tide -
HAT). SHOM reference data used here are neither measurements nor
numerical model outputs, but result from a tidal harmonic analysis
carried out over available in-situ measurements, followed by a recom-
position on MHWN, MHWS, HAT tide conditions (SHOM, 2005). Esti-
mated from in-situ measurements during MHWS condition, the mean
(normalized) errors on harmonic tidal prediction provided in SHOM
(2005) is <15 % for the maximum current velocities, and <30 min for
the average phase lag. In the three reference ports of Port Béni, Les
Héaux-de-Bréhat, and Bréhat Men Joliguet (see Fig. 6b), the validation
of water level also based on tidal harmonic analysis indicates the RMSE
is between 10 and 12 cm, i.e. about 1 % of the total water level. These
predictions and associated errors are derived from few days of in-situ
observations (respectively 181, 132, and 72 days at Bréhat Men Joli-
guet, Les Héaux-de-Bréhat, and Port Béni). These values are in line with
those given in previous studies (Giloy et al., 2023).

The validation of Telemac-2D outputs showed that the amplitude
and phase of the tide were accurately reproduced for the three tide
conditions with R? of 0.99 and RMSE increasing from 0.04 m to 0.14 m
from MHWN condition to HAT condition, respectively (Fig. 7a, b, c).
These margins of error are negligible in comparison with the tidal range
(around 1-2 %).

4.3.2. Tidal current validation

Validation of the current velocity and orientation obtained by the
Telemac-2D model was also carried out by comparing the model results
with the predictions made by the SHOM (2005) at four different loca-
tions in the studied area (Fig. 6a). These data correspond to the hourly
values of current velocity and orientation associated with the MHWN
and MHWS conditions. The comparison we conducted showed that the
Telemac-2D model is less consistent, with R? (ranging from 0.68 to 0.95)
and RMSE tending to increase, the closer we get to the coast. Thus, at
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point #1, the largest error margins are between 0.18 and 0.25 m.s™};

and they decrease significantly at point #4 to reach 0.07 and 0.12 m.s
(Fig. 7d, e). However, the maximum of velocity magnitudes in both
directions are close to those from the SHOM model. The slight phase
shift is mainly due to the differences in the temporal resolution of tide
predictions, hourly and every 15 min for the SHOM model and Telemac-
2D model, respectively. Differences could also be attributable to the
different bathymetric data, bottom friction, or resolution used by the
SHOM model and that of our study, especially in the shallow zone.
Despite these uncertainties, the Telemac-2D model reproduces current
directions and velocities satisfactorily.

4.3.3. Wave validation

Validation of the WW3 HOMERE dataset was carried out using re-
cords from a pressure sensor OSSI 010-003C (Ocean Sensor Systems Inc.
®, 1.5 cm accuracy) installed in the intertidal zone at coordinates
48°52'34.4554" N; —3°4'58.9127", and at a depth of —0.461 m asl depth
(see Fig. 6¢) (Suanez et al., 2018b). Correlation between both in-situ and
WW3-simulated wave heights (Hp) was achieved over the period
2012-2016, using a dataset extracted at the point #65423 (i.e., model
node from WW3 HOMERE database) located at 48°52'36" N; —3°4'52"
W, and at a depth of —0.56 m asl (see Fig. 7f). The choice of this
extraction point was conditioned by the fact that it was the closest of the
OSSI pressure sensor location. The results show a good agreement be-
tween the two datasets, with R? of 0.77 and RMSE of 0.24 m, despite a
slight global overestimation of Hyo (WW3) compared with in-situ Hpo
(0OSSI) as shown by Q-Q plot graph (Fig. 7g). Comparison of the two
datasets also shows an underestimation of the highest WW3-simulated
wave height. It is a systematic bias of the WW3 model, which has dif-
ficulty in reproducing the most extreme events (Mureau et al., 2022).
The biases observed between the two series for extreme values are also
related to in-situ recordings, as the pressure sensor is installed in the
intertidal zone. Thus, when the depth of the water column is at a min-
imum while the tide is rising or falling, aberrant water level values are
recorded. Therefore, all recordings at +1 h and —1 h before or after the
sensor is submerged are removed as they are considered outliers. When
the correlation is restricted to wave records associated with tide levels
above MHWS (i.e., 4.83 m asl) and HAT (i.e., 5.89 m asl), the fits are
significantly improved, with R? increasing from 0.86 to 0.93, respec-
tively, and an RMSE of 0.29 m (Fig. 7h, i).

4.4. Modelling strategy

The approach followed in this study was to model an extreme hy-
drodynamic event likely to generate significant coastal flooding. The
associated simulations were based on five topo-morphological configu-
rations for the gravel spit. Three of them correspond to hypothetic sce-
narios for the future morphological evolution of spit.

4.4.1. Extreme event selection

The choice of the most significant hydrodynamic event to model was
based on the morphological and hydrodynamic monitoring of the Sillon
de Talbert over the last two decades. Based on the analysis of the
morphological changes extracted from annual DEMs measurements, and
the hydrodynamic conditions (wave and water level) over the period
2002-2017, Suanez et al. (2018a) identified 11 significant morphoge-
netic events combining extreme wave height and water levels. Wave
height was thresholded using the 2 % exceedance offshore wave height
of 3.15 m, and the highest water level using the 2 % exceedance water
level of 5.5 m (Table 1).

As shown in Table 1, storm Anne on February 1-2, 2014 was the most
energetic event recorded over these 15 years of survey data. This high-
energy storm exhibited a long wave period (T},) of up to 18.2 s combined
with high Hg;, values up to 4.2 m. This event led to major morphological
changes, as the maximum landward migration of the spit barrier reached
between —30 to —20 m. These observations were confirmed by the study
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Table 1
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Inventory of the major morphogenetic events combining extreme storm wave heights and water levels (after Suanez et al., 2018a, modified). The shaded line
correspond to the simulated storm event of February 1, 2014 (storm Anne). The wave energy flux is calculated using the formulation (F) according to Barnard et al.

2
(2017) as follow: F — 28

mH,ZnOT (1) where F is expressed per unit crest length of the wave (in J.m ™ s71), p = 1025 kg.m is the density of seawater, and g = 9.81 m.s~

2

is the gravitational acceleration, Hy, is the significant wave height, and T is the wave period.

Date Storm name Hgig (m) Wave dir. Ty (s) Water level (m asl) time Wave energy
@m s
28/02/2002 * 3.2 300° 13.5 5.63 6:00 AM 6.784 x 107
20/03/2007 * 3.4 344° 7.6 5.56 6:00 AM 4.273 x 107
10/03/2008 Johanna 3.4 296° 13.7 5.95 7:00 AM 7.578 x 107
31/03/2010 * 3.8 302° 11.2 5.7 6:00 AM 7.898 x 107
01/02/2014 Anne 3.3 295° 12.3 5.98 6:00 AM 6.471 x 107
01/02/2014 Anne 4.2 298° 18.2 5.66 19:00 PM 15.750 x 107
02/02/2014 Anne 3.4 297° 16.7 5.89 7:00 AM 9.329 x 107
09/02/2016 Ruzica/Imogen 3.3 296° 16.4 5.54 6:00 AM 8.687 x 107
09/03/2016 * 3.2 302° 9.3 5.54 6:00 AM 4.620 x 107
03/01/2018 Eleanor 4.6 303° 13.1 5.61 6:00 AM 13.530 x 107
04/01/2018 Eleanor 3.4 300° 14.7 5.58 7:00 AM 8.344 x 107
of morphological changes carried out using higher-frequency moni- 0.5 m.

toring, based on monthly measurements of beach profiles (Suanez et al.,
2022). For this study, covering the period 2012-2019, the analysis of
morphological changes was also complemented by a study of the hy-
drodynamic conditions (wave and water level), which showed that the
February 1, 2014 event generated the highest catastrophic overwash of
the barrier spit with a water flow exceeding the crest by between 0.8 and

253500

252500

253000

Fig. 8.

Elevation (m asl)

Elevation (m asl)

11

For modelling, the observed tide levels recorded for this event were
increased by around 80 to 90 cm at the model boundaries. This addi-
tional height makes it possible to reach the extreme water levels for a
100-year return period (i.e. between 6.4 and 6.6 m NGF) that have been
statistically calculated by SHOM for the Sillon de Talbert area (SHOM/
CETMEF, 2012). These centennial water levels are used to consider the
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Five morphological configurations used for the hydrodynamic modelling (a-e). (f) Elevation cross-shore and longshore profils.
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exceptional nature of an extreme event, which constitutes the reference
level in the methodological approach recommended by the French
government for mapping the risk of marine flooding (Azzam et al.,
2014).

4.5. Five morphological configurations for modelling

Hydrodynamic conditions (water level including tide, surge, and
wave setup, and associated currents) were modeled taking into account
five topo-morphological configurations (Fig. 8). Configurations #1 and
#2 correspond to the ante-breach and post-breach morphological set-
tings. They consist of the DEMs of 1 x 1 m resolution from September
2017 (i.e. 6 months before the barrier breaching; see Fig. 8a) and
October 2019 (i.e. 18 months after the barrier breaching; see Fig. 8b),
respectively. As indicated previously (i.e. Section 4.1.1), these data
come from DEM measurements of the entire barrier spit carried out as
part of the annual survey of morphological changes of the Sillon de
Talbert (Stéphan et al., 2018b, 2023). Configurations #3, #4, and #5,
are based on prospective scenarios. They take into account a barrier spit
morphology based on the DEM of October 2019, which was deliberately
modified.

Configuration #3 (Fig. 8c) illustrates a moderate breaching scenario,
with the breach widening up to 300 m and a deepening up to 2.7 m asl
over the next few years (~2025). The widening of the breach in this
scenario was achieved by (i) eroding the western bank of the breach
(value corresponding to this erosion was calculated by linear regression
from measurements taken between March 2018 and December 2019),
and (ii) by lowering the crest of the eastern bank of the breach of up to
4.20 m asl (below the MHWS tide level of 4.83 m asl) over a length of
300 m. This prospective scenario was also based on measurements taken
during March 2018 to December 2019 (see Fig. 4c). The 2.7 m elevation
of the deepening of the breach channel corresponds to the Pleistocene
clay forming a hard non-erodible layer (see Fig. 5d). Finally, this
configuration also took into account the nearly 10 m landward migra-
tion of the eastern bank of the breach, after the evolution of this section
between March 2018 and December 2019 (see Fig. 4c).

Configuration #4 (Fig. 8d) illustrates the widening breaching sce-
nario up to of 500 m. The same prospective approach as the configu-
ration # 3 was used for the erosion of the western bank. For the eastern
bank, we just considered the lowering of up to 4.83 m (corresponding to
the MHWS tide level) of this section over a longer distance, as being the
consequence of the medium term (i.e. 5 to 10 years) landward
displacement of the barrier in the context of sediment depletion.

Finally, configuration #5 (crest lowering scenario) illustrates a
complete lowering of the barrier after a complete removal of the crest
due to catastrophic overwash events (Fig. 8e). The DEM constructed to
simulate hydrodynamic conditions under this fictitious configuration
corresponds to a modified version of the DEM from October 2019. The
crest elevation was defined at 4.83 m asl because it corresponds to both
the MHWS tide level and the lowest post-storm elevation measured
along the barrier crest over the period 2002-2020. In this configuration,
we also assumed a cross-shore sediment transfer from the crest to the
back-barrier area, leading to a retreat by rollover and a widening of the
crest. The volume of this cross-shore sediment was taken into account to
estimate the corresponding retreat values of the barrier. Volumetric
calculations were performed along 70 cross-sections using Surfer 10
software®. The retreat of the barrier (r) was then estimated using the
following formulation:

Vv

LI*H 2)

r=

where V is the volume of sediment above the MHWS tide level, L is the
length of the section, and H is the difference between the elevation of the
back-barrier area and the MHWS tide level.
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5. Results
5.1. High spring tide water levels and currents

Water levels and tidal current velocities associated with a tidal co-
efficient of 115 (i.e., near HAT condition) were first simulated for topo-
morphological configurations #1 and #2, corresponding to the ante-
breaching DEM of September 2017, and the post-breaching DEM of
September 2019, respectively, without considering wave and atmo-
spheric (wind and pressure) forcings (Fig. 9). At this stage, only tide
effects were simulated in real conditions, without including the water
level increase of around 80 to 90 cm corresponding to a 100-year event.
The simulated water levels clearly show differences between the NW
ocean side and the SE back-barrier sandflat. One hour before high tide
(HT-1 h), the water level simulated on the ocean-side is only a few
centimeters higher than on the back-barrier side (~5 cm), inducing tidal
currents flowing north-eastwards along the spit until they reach the tip
where the velocity increases as the water penetrates into the sandflat
area (Fig. 10a). This tidal circulation pattern is observed under config-
urations #1 and #2. However, in configuration #2, southward tidal
currents are flowing through the breach channel with a maximum ve-
locity of 0.75 m.s! (Fig. 10b, c).

During high tide (HT), the water level simulated on the back-barrier
side appears ~25 cm higher than on the ocean side (Fig. 9) while ebb
tide currents (oriented north to north-west) increase in flow velocity at
the tip of the gravel spit (Fig. 10d). The circulation pattern of the tidal
currents is similar for configurations #1 and #2. However, in configu-
ration #2, the difference in water level on either side of the barrier in-
duces strong outflow tidal currents through the breach, where flow
velocities reach about 2.2 m.s ! (Fig. 10e, f).

One hour after high tide (HT + 1 h), water levels are higher, up to 37
cm in the back-barrier area (Fig. 9). In this case, the highest tidal current
velocities are located at the tip of the spit for configuration #1
(Fig. 10g). For configuration #2, strong outflow tidal currents are
flowing through the breach channel, again with velocities of 2.2 m.s ™!
(Fig. 10h, i).

5.2. Extreme event simulations of 1st February 2014 storm

5.2.1. Post-breach situation: configuration #2

For configuration #2, the significant wave heights simulated at high
tide reach 2.9 m at 500 m offshore the gravel barrier (Fig. 11a). Wave
heights decrease to about 2.2 m as they propagate to the beach face due
to wave energy dissipation on the reef platform. In the back-barrier area,
simulated wave heights along the shoreline are <0.5 m from Le Québo in
the west to Laneros in the east (Fig. 11b). The simulations show no
significant increase in wave height in the back-barrier zone, leading to
negligible wave setup (<0.02 m) (Fig. 11b).

One hour before high tide (HT-1 h), the simulated currents through
the breach are oriented southwards (onshore) and reach a velocity of
1.8 m.s! (Fig. 12a). At high tide (HT) and at the beginning of the ebb
tide (HT + 1 h), the currents are oriented offshore through the breach
before flowing north-eastward along the spit at about 1 m.s ™! (Fig. 12b,

o).

5.2.2. 300 m length breach enlargement: configuration#3

For configuration #3, the Hs and wave setup simulated at high tide
on the back-barrier side reach 1 m and 0.08 m, respectively. The highest
simulated H; values in this area are located in front of the locality of Run
Traou (Fig. 11b). Despite the enhanced wave height in the back-barrier
area between configurations #2 and #3 due to the enlargement of the
breach, simulated HT water levels are 5 cm lower in configuration #3
(Fig. 13a). In this case, the lower water level is linked to an increased
draining of the sandflat area through a larger section of the breach.
Similarly, the reduction in flood and ebb tide current velocities between
configuration #3 and configuration #2 can be explained by the
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Fig. 9. Simulated spring-high water levels around the Sillon de Talbert at three different times of high tide for configuration#1 and configuration#2. Water levels
values are given for the three points A, B and C (white dots) located offshore, and on both sides of the breach, respectively. Maps on the left, centre and right show
simulated water levels 1 h before the high tide (HT-1 h), at high tide (HT) and 1 h after the high tide (HT + 1 h), respectively.

enlargement of the breach (Fig. 12).

5.2.3. 500 m long breach enlargement: configuration #4

The simulation for configuration #4 are quite similar to those for
configuration #3. The significant wave height and wave setup along the
back-barrier are <1 m and 0.1 m, respectively. The highest simulated Hg
values are located along the inhabited coastline of Mer Melen (Fig. 11b).
The current circulation pattern is also close to that observed in config-
uration #3. Simulated HT water levels in the back-barrier are 0.025 to
0.05 m lower than for configuration #2, also due to increased draining
of the sandflat (Fig. 13b).

5.2.4. Crest lowering situation: configuration #5

Despite the complete overwash of the barrier, the simulated wave
heights for configuration #5 do not exceed 0.8 m above the crest before
decreasing on the back-barrier area, except in front of the Pen Vir
promontory, where Hy values reach about 1 m (Fig. 11b). Wave setup
never exceeds 0.1 m along the back-barrier area shoreline (Fig. 11a).
Similarly to the results obtained for configurations #3 and #4, the
simulated HT water levels are about 0.05 m lower than for configuration
#2 (Fig. 13c).

The simulated currents show two main differences compared with
configuration #2. Firstly, the HT currents are oriented onshore despite
the difference in water levels on either side of the barrier (Fig. 12k).
These currents are no longer linked to the tide, but to the predominance
of waves overwashing the complete barrier. Secondly, the decrease of
the flood and ebb current velocities is linked to a lower difference in
water level on either side of the barrier when completely flooded.

6. Discussion
6.1. Uncertainties in the modelling approach

The model simulations were based on the extreme storm event of 1
February 2014, which is considered to be the most morphogenic event
that has impacted the Sillon de Talbert over the last 20 years (Suanez
et al., 2018a, 2022). The severe morphological impacts of this storm
were also reported in other coastal zones of Brittany, where topo-
morphological monitoring has been carried out for several years, or
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even decades (Blaise et al., 2015; Stéphan et al., 2018b, 2019; Suanez
etal., 2022, 2023). The realistic hydrodynamic conditions for this event
were numerically reproduced except for the tide level, which was
increased in order to correspond to a 100-year return period water level.
In this sense, the methodological approach adopted is in line with
government recommendations, which state that the most extreme event
should be taken into account when assessing the risk of coastal flooding
(Perherin et al., 2012; Azzam et al., 2014). However, as indicated by
Pirazzoli (2000) when analysing datasets from three tide gauges located
on the west and north coasts of Brittany, “the highest sea surges [due to
storm events] of the last decades did not occur at the time of spring high
tide”. Therefore, this approach introduces a degree of uncertainty given
by the fact that when we compare the wave characteristics at the peak of
the storm at the time of high tide, i.e., February 1, 2014 at 7:00 pm, the
simulations at the pressure sensor location indicate that Hyg and Tioy
are ~2.7 m and ~10.9 s, for a centennial water depth of ~6.5 m. In
comparison, in-situ recordings from the OSSI pressure sensor indicate a
wave height and period of ~2.1 m and ~10.9 s, for a “real” water depth
of ~5.8 m. The artificially increased water level at the model boundary
contributes to explain these higher modeled Hy,( values compared with
in-situ measurements (Hpo-oss1), but it still goes in the direction of a
conservative modelling strategy regarding flooding risk.

Uncertainties in the modelling approach depend on a number of
different factors including the model inputs, the accuracy of the model
calibration, the boundary conditions, the bathymetric grid resolution,
the forcing data, and the simulated physical processes. As indicated
above, if the validation of the model simulations showed good agree-
ment between the simulated and measured tide water levels with high
correlations (R? > 0.99) and low errors (RMSE between 0.04 and 0.16
m), the errors between the simulated and measured tide currents were
larger, with RMSE ranging from 0.07 to 0.25 m.s™! (see Fig. 7). The
mentioned above, the slight phase shift is due to differences in temporal
resolution between the two SHOM data sets and the Telemac-2D simu-
lations. As it is often the case with hydrodynamic modelling, the accu-
racy of the bathymetric data, which affects the reliability of simulated
physical processes such as currents or bottom friction, particularly in the
shallow water zone, is also a determining factor (Jacob and Stanev,
2021; Alday et al., 2022; Umgiesser et al., 2022).

The input wave conditions are obtained from WW3 simulations at
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Fig. 10. Simulated tidal currents around the Sillon de Talbert at three different times of high tide for configuration#1 and configuration#2. (a), (b), and (c) show
simulated tidal currents 1 h before the high tide (HT-1 h). (d), (e), and (f) represent simulated tidal currents at high tide (HT). (g), (h), and (i) show simulated tidal

currents 1 h after the high tide (HT + 1 h).

grid points located at different water depths along the open boundary of
the model (see Fig. 6a), without any knowledge of the errors between
the in-situ wave height and the simulated wave height at these locations.
However, the estimated RMSE and bias from Boudiere et al. (2013) were
0.13 and 0.05 m, respectively, measured at the Pierres Noires wave buoy
(situated off the west coast of Brittany) located at a depth of ~60 m.
More recently, a study assessing the scales of spatial representativeness
of the sea state parameters recorded by 11 buoys along the French
Atlantic coastline (including a buoy located north of the study site) was
carried out using retrospective simulations from the WW3 wave model
hindcast (Mureau et al., 2022). The statistical errors (RMSE and bias) for
wave height (H) computed between the model and in-situ data at each
buoy location reach average of 0.25 m and 0.08 m respectively, up to
0.37 m and 0.27-0.33 m for both buoys located off the Brittany coast.
The authors attribute this coastal sea state variability to several envi-
ronmental factors, such as the presence of islands, shoals and rugged
coastline, the amplified tidal currents and sea level variations over the
shelf, and the intermediate to shallow water conditions together with
the strong bathymetric gradients. The role of these environmental fac-
tors, in particular the complexity of the bathymetry of the platform, in
altering the accuracy of numerical simulations is also highlighted by
Dissanayake et al. (2021). As indicated by the authors, even if the un-
structured grid allows to increase the spatial resolution from the offshore
to the shallow zone, the bathymetric variations may not be always
represented accurately.
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Modelling uncertainties depend also on the topo-morphological
configurations used in the different simulation scenarios that put into
consideration the high mobility of the barrier of the Sillon de Talbert in
time and space. As shown by Matias et al. (2012), based on wave flume
experiments (Barrier Dynamics Experiment: BARDEX), the sensitivity of
barriers to flooding depends essentially on wave conditions, sedimen-
tological characteristics (including porosity, permeability and sediment
size) and the morphological state of the barrier before the storm.
Therefore, during a single overwash event, gravel barriers experiment
successively crestal building, lowering and/or complete removal, which,
through feedback, induce a change in hydrodynamic conditions (Matias
et al., 2014). However, these studies are still highly experimental, and
do not provide general statements on the hydro-morphosedimentary
functioning that can be extrapolated to all barriers. In any case, these
elements have not been taken into account in the modelling carried out
as part of this study. In this paper, three configurations have considered
a continuation of the erosive evolution trends measured in recent years,
from the widening of the breach (configurations #3 and #4) to the
complete levelling of the barrier (configuration #5). These topo-
morphological configurations can have great uncertainties when
considering the expected climate changes (including meteorological
conditions) in the coming years. Hartley and Pontee (2008) distinguish
two categories of uncertainties inherent in predicting future coastal
evolution: (i) epistemic uncertainties, which relate to a lack of appro-
priate data or knowledge, and (ii) random uncertainties, which relate to
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Fig. 12. Simulated currents at three different times of high tide for configuration#1 to #5. (a), (d), (g), and (i) show simulated currents 1 h before the high tide (HT-
1 h). (b), (e), (h), and (k) represent simulated currents at high tide (HT). (c), (f), (i), and (1) show simulated currents 1 h after the high tide (HT + 1 h).

stochastic behaviour of coastal barriers leading to the formation and
evolution of breaches. One of the greatest uncertainties associated with
breaching processes is the rate of expansion of breaches once formed,
which depends on the combination of forcing factors and existing beach
states. Given this, the simulations presented in this paper should only be
considered only as a tool for reflection and decision-making for coastal
management in terms of flooding hazard.

Also, the use of a phase-averaged model in the present study did not
allow us to investigate the potential effect of infragravity (IG) waves
(Bertin et al., 2018) and swash dynamics at the back-barrier shoreline in
the context of a breach enlargement. While the conservative approach
employed in the present study (i.e., increasing by ~1 m the water level

16

at the open boundary for the extreme event simulations, leading to an
offshore high tide level up to ~70 cm higher than the HAT level) should
mostly compensate for the lack of IG waves in the model (in terms of
their potential effect on high water levels reached in the back-barrier
area at the IG time scale), applying a phase-resolving model to this
very specific site, or at least a model accounting for the dynamics of IG
waves (such as XBeach model in ‘surf beat’ mode), would surely be a
relevant perspective for future work. In the meantime, it is worth noting
that choosing the most extreme event in terms of wave forcing will not
necessarily induce the highest flooding risk in all circumstances, as for
instance shown by Bertin et al. (2014). That is partly why, in the present
study, the selection of an extreme event is combined with the fact of
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Fig. 13. Simulated water levels (WL) on the back of the Sillon de Talbert barrier for configurations #2 to #5 (see point C on Fig. 9 for location of the simulation
point). Histograms represent water level differences between configurations #2 and #3 (a), #2 and #4 (b), #2 and #5 (c).

significantly increasing the water level at the open boundary to reach a
conservative enough modelling strategy. It has been also shown that
‘extreme’ washover deposits can be mostly related to the presence of
large IG waves but not necessarily to large storm surges (Baumann et al.,
2017), which adds to the discussion about selecting an extreme event.

Finally, it should be pointed out that the methodological approach
used in this study does not take into account the impact of climate
change on future sea-level rise. As previously mentioned, the reference
water level used in this study was indeed defined on the basis of an
extreme tide water level for a 100-year return period + wave setup
(centennial water level: CWL), in line with government recommenda-
tions for assessing the risk of submersion (Azzam et al., 2014). However,
these recommendations indicate that the centennial water level should
be raised by 0.2 m to take account of sea-level rise in 10 to 20 years' time.
The short-term hazard is therefore calculated as RSL1g.20yrs = CWL +
0.2 m. Secondly, it is also recommended to take into account the future
sea level rise for the year 2100, by raising the centennial level by 0.6 cm.
The 100-year reference water level is thus calculated as follows
RSL2100 = CWL + 0.6 m. The value of 0.6 m corresponds to the pro-
jections formulated by the IPCC in its 5th report of 2013, indicating, for
the worst-case scenario, a rise in sea level of between 0.45 and 0.82 m,
with an average value of 0.62 m (IPCC, 2013). Thus, using this approach
for our study area, RSL10.20yrs €quals 6.80 m asl and RSLa;09 equals 7.2 m
asl. As can be seen, these reference water levels are well above the
extreme water levels simulated for the February 1, 2014 event, which do
not exceed 6.38 & 0.14 m asl on the back of the Sillon de Talbert barrier,
particularly on the breach area. In any case, these reference water levels
must now be reviewed, as the sixth IPCC report has revised the future
rise in sea level upwards for the year 2100, giving an average value of
around +1.30 m for the worst-case scenario RCE8.5 (Oppenheimer
et al., 2019; IPCC, 2023).

6.2. Impact on flood hazards along the inhabited back-barrier shoreline

The model simulations clearly show that the Sillon de Talbert forms a
physical boundary separating two water bodies (i.e. the ocean-side vs
the back-barrier) characterized by specific tidal dynamics, with a time
lag of about 15 min in the tidal peak and a difference of about 25 cm in
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high tide level. The difference in tide water levels on either side of the
barrier becomes more pronounced at the beginning of the ebb tide and
can reach 30 cm during spring tides. This tidal characteristic is specific
to the south-west coast of the English Channel, where the main semi-
diurnal tidal component (M2) propagates from west to east with an
increasing tidal range that is locally accentuated due to resonance
phenomena (linked to the M4 tidal component) in response to the
morphological configuration of the shoreface/foreshore zone (Pingree
and Maddock, 1978). This specific phenomenon occurs in our study
area, where a broad, gently sloping platform extends over a ~10 km
offshore distance, from the shoreline to —10 m asl depth. Propagating
eastwards, the tidal wave bypasses the tip of spit (including the reefs of
the Olone archipelago), and progresses into the back-barrier zone where
it is locally amplified due to the shallow water. Therefore, in the back-
barrier sandflat, the tidal peak occurs 15 min later and the high tide
water level is higher than on the ocean-side zone. As a result, ebb cur-
rents begin to flow before the high tide level is reached. The asymmetry
between the ebb and flood currents is significant at the tip of the spit,
where the high flow velocities have accumulated a large ebb gravel lobe
in N-NW direction (Fig. 1c).

This tidal pattern is quite specific to the Sillon de Talbert, considering
that for most of coastal barrier systems, back-barrier areas are affected
by low amplitude tide-induced water level fluctuations due to limited
hydrological connectivity between the ocean-side and the lagoon-side
(Kraus and Wamsley, 2003; Kraus et al., 2008; Austin et al., 2013).
However, barrier breaching enhances the water exchanges between the
ocean-side and the back-barrier areas, which, in turn, may modify the
hydrodynamics functioning of the tidal inlets. Velasquez Montoya et al.
(2018) recently simulated the effects of sea-level rise, and subsequent
tidal inlet morphodynamics, due to the surge of hurricane Sandy
(October 29, 2012) on the lagoon-side at the Pea Island barrier-system
(North Carolina) breaching. They showed that the rise of water level
rise at the lagoon-side also increased the water level gradients between
the ocean-side and the lagoon-side and strengthened the ebb currents in
the tidal inlet.

The simulations carried out in the ante- and post-breach configura-
tions (configurations #1 and #2, respectively) indicate that the Sillon de
Talbert breaching currently has no significant impact in terms of tide
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water level condition changes (Fig. 9). However, in hypothetical con-
figurations #3 to #5, the breach widening and/or the barrier crest
lowering induces a decrease in the water level gradient on either side of
the gravel barrier and reduces the high tide water levels (including wave
setup) by a few centimeters (up to 5 cm) on the back-barrier zone. By
draining part of the tidal prism, the breach acts as a communicating
vessel, particularly in the back-barrier salt marsh where discharge cur-
rents directed offshore are simulated at high tide. The survey of
morphological changes of the breach area undertaken from March 2018
also confirms the predominant role of ebb currents in the sediment
transfers through the breach (Fig. 4). Most of the sediment eroded in the
breach section was transferred northwards to the lower beach face of the
spit, then remobilized by the waves. Therefore, while a flood delta has
accumulated on the back-barrier salt marsh since the breach opening
(see Section 3), it concerns a small volume of sediment when compared
to the volume of ebb current sediment transfer.

The modelling indicates that widening the breach (i.e. configurations
#3 and #4) tends to reduce the risk of coastal flooding in the low-lying
areas of the Lanéros Peninsula by decreasing the water levels reached at
high tide in the back-barrier area. Importantly, the lowering of high tide
water level largely counterbalances the wave setup induced by wave
propagation in the back-barrier zone through the breach. Thus, the total
water level (i.e. tide + wave setup) simulated on the back-barrier for
configurations #3 to #5 remains lower than (or almost equal to) the
water level reached in the current topo-morphological configuration #2.
These results therefore show that the breach has no significant effect on
the coastal flooding hazards in the short term. It seems unlikely that this
situation will change significantly in the next few years.

6.3. Impact on erosion hazards along the inhabited back-barrier shoreline

Hydrodynamic simulations showed that during extreme event con-
ditions, the storm wave propagation (i) through the breach channel and/
or (ii) overtop the inundated section of the barrier, is relatively limited
despite breach widening or crest lowering considerations in future sce-
narios. For configurations #3 to #5, simulated wave heights reach a
maximum height of ~1 m along a limited section of the back-barrier
shoreline during the energy peak of storm event. This value decreases
by 25 % to 50 % 1 h before and after high tide. Therefore, we can assume
that barrier breaching should not lead to significantly more energetic
hydrodynamic conditions and increased erosion hazards along the
inhabited coastline in the coming years. The morphodynamic of this
back-barrier zone is expected to be more controlled by local wind-
generated waves, rather than energetic offshore storm waves, which
remain occasional as indicated by Suanez et al. (2018a, 2022).

While the configuration #5, which considers a very low barrier
profile, including a crest of 60 to 90 m wide and lowered to the MHST
level, remains the worst case hypothetical scenario, it is based on the
topo-morphological measurements taken after several intense morpho-
genic events inducing significant catastrophic overwash (Stéphan et al.,
2010; Suanez et al., 2022). Therefore, this scenario might be represen-
tative of the future (decades to centuries) significant morphological
changes of the Sillon de Talbert considering the long-term retreat of the
spit over the last decades (Stéphan et al., 2012) and centuries (Pinot,
1994). This configuration allows us to assess whether the barrier still
plays a significant role in storm wave attenuation for such a simulation.
Simulations for configuration #5 show that even if the barrier crest is
completely inundated at high tide, the barrier “body” still plays a major
role in wave attenuation. However, the wave height at the crest, up to a
maximum of 0.80 m, is still high, given that extreme water levels > of
0.45 m lead to sluicing-to-catastrophic overwash regimes responsible for
significant landward displacements of the spit by rollover (Suanez et al.,
2022). This element needs to be taken into account in the coastal
management strategy, as the catastrophic flooding of single-ridge bar-
riers (such as the Sillon de Talbert) is often a source of concern for local
residents and/or elected representatives, particularly when the back-
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barrier zones are urbanized. In such cases, managed realignment mea-
sures or nature-based soft management solutions can be vigorously
challenged. As mentioned by Hudson and Baily (2018) in the case of
Porlock beach in UK, monitoring of overwash events then appears as
essential in understanding geomorphological evolution, but also to
reassure the public and inform coastal managers in relation to the long-
term stability of the barrier features.

6.4. A new strategy in terms of coastal risk management

As mentioned above, the refusal of the scientific council of the Sillon
de Talbert nature reserve to artificially fill the breach through an engi-
neering operation contrasts radically with the coastline management
policies that have been implemented for decades on this site (Pinot,
1994; de Beaulieu, 2000; Stéphan et al., 2012).

In 1969, the management of the Sillon de Talbert, which was then a
private domain of the State, was transferred to an inter-municipal syn-
dicate to which the commune of Pleubian belonged (syndicat mixte
intercommunal pour la sauvegarde et la protection du sillon de Talbert).
From the early 1970s, the management strategy aimed to fix the
shoreline in order to prevent the chronic retreat of the spit. Between
1974 and 1975, over 1,100 m of frontal rip-rap and a groin were
installed on the proximal section, in the Chouck beach area (Fig. 3a). In
1982, the frontal rip-rap was extended to the median section, reaching
1,400 m, while some lowered sections of the spit were reprofiled using
bulldozers until 1987 (de Beaulieu, 2000). In 1988, the local authorities
even attempted to enclose the pebbles in fishing nets which were quickly
destroyed by storms. For most cases, these expensive interventions (up
to 1,000,000 euros in 1988, corresponding to ~2,000,000 euros in
2024) were carried out hastily, without any prior scientific study to
support them.

Faced with these failures, the choice of a new nature-based man-
agement strategy was made by the Nature Reserve's newly created sci-
entific council in the early 2000s (Houron, 2018). Most of the riprap was
removed and scientific monitoring of the morphological evolution of the
spit was undertaken (Stéphan et al., 2012). Thus, when the breach was
opened in 2018, the choice of scientific expertise (such as that of the
present study) was preferred to an engineering intervention.

The solution currently being considered for naturally filling the
breach is to remove the last riprap (i.e. the Chouk groin and the two
frontal riprap on either side) (see Fig. 3a). In this way, the retreat of the
shoreline would deliver sediment to the longshore drift, which could
naturally fill the breach (Stéphan et al., 2018a). However, this solution
presupposes that the last private homes on the seafront are bought out
and demolished by the Conservatoire du Littoral. At present, houses #3,
#4 and #5 have been purchased (see Fig. 3a), and house #3 will be
demolished by the end of 2024. Houses #1 and #2 have yet to be ac-
quired by the Conservatoire, but they are still not for sale.

7. Conclusion

This modelling study has showns that the recent opening of the
breach, which impacted the Sillon de Talbert spit barrier, has no sig-
nificant or immediate consequences in terms of flooding risk in the low-
lying urbanized area at the back-barrier. The results obtained for
different topo-morphological configurations underline the fact that hy-
drodynamic changes in the area behind the barrier show no significant
rise in maximal water levels, while the very flat topography of the salt
marsh results in a significant decrease in wave energy conditions
propagating through the breach (i.e. even for worst-case scenarios
involving widening of the breach or severe erosion of the coastal bar-
rier). This study, commissioned by local authorities and coastal man-
agers, was instrumental in reassuring the local population living in the
low-lying areas of the Laneros Peninsula. It also supports the new
coastal management strategy adopted almost two decades ago by the
Nature Reserve and the Conservatoire du Littoral. In western France, the
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management of coastal erosion very often still leads to the use of hard
defence structures, making the Sillon de Talbert spit one of the few
coastal sites where a sustainable and adaptive management approach
has been implemented. By removing the hard defence structures along
the spit in 2002, coastal managers adopted an erosion management
approach based on natural dynamics. However, in the coming decades
(looking ahead to the 2100 s), this nature-based solution will need to be
complemented by a more ambitious spatial planning strategy, particu-
larly for built-up areas, to face future sea-level rise and mitigate the risk
of marine flooding in low-lying areas at the back-barrier.
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