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Management of dredged marine sediments in southern France: main keys to large-scale beneficial re-use

) make some recommendations on future policy options for the sustainable management of dredged sediments.

• A sustainable approach towards managing dredged sediments requires a change of view rather than a waste; dredged materials need to be seen as valuable resources.

• Perception issues remain crucial challenges to those promoting sustainable sediments management through the dredging process and activities.

• National level support will be necessary for helping to change attitudes and to promote sustainable dredged sediments management within the existing policy framework or introducing a new policy to succeed the mission.

• An effective and favorable policy would be accomplished to achieve the sustainable utilization of dredged sediments for different applications and valuable products.

• It may be expected that sediment management may change in the future, requiring more sustainable and circular approaches to dredged sediment management.

Introduction Conclusion

The presence of anthropogenic activities throughout the globe and the harbors generate an enormous amount of dredged sediments. Various research studies [START_REF] Slimanou | Harbor Dredged Sediment as raw material in fired clay brick production: Characterization and properties[END_REF][START_REF] Yoobanpot | Multiscale laboratory investigation of the mechanical and microstructural properties of dredged sediments stabilized with cement and fly ash[END_REF][START_REF] Zheng | Framework for determining optimal strategy for sustainable remediation of contaminated sediment: A case study in Northern Taiwan[END_REF][START_REF] Bagarani | The reuse of sediments dredged from artificial reservoirs for beach nourishment: technical and economic feasibility[END_REF][START_REF] Baptist | Beneficial Use of Dredged Sediment to Enhance Salt Marsh Development by Applying A 'Mud Motor': Evaluation Based on Monitoring[END_REF][START_REF] Ulibarri | Barriers and opportunities for beneficial reuse of sediment to support coastal resilience[END_REF][START_REF] Balkaya | Beneficial use of dredged materials in geotechnical engineering[END_REF][START_REF] Houlihan | Geoenvironmental Evaluation of RCA-Stabilized Dredged Marine Sediments as Embankment Material[END_REF][START_REF] Bianchini | Sediment management in coastal infrastructures: Technoeconomic and environmental impact assessment of alternative technologies to dredging[END_REF][START_REF] Wang | Recycling dredged sediment into fill materials, partition blocks, and paving blocks: Technical and economic assessment[END_REF][START_REF] Cezarino | Diving into emerging economies bottleneck:Industry 4.0 and implications for circular economy[END_REF][START_REF] Tessier | Study of the spatial and historical distribution of sediment inorganic contamination in the Toulon bay (France)[END_REF] developed process technology to recycled contaminated dredged sediments, and it seems that there is the potential of value proposition and economic viability of the products. The integrated life cycle assessment (LCA) [START_REF] Soleimani | Environmental, economic and experimental assessment of the valorization of dredged sediment through sand substitution in concrete[END_REF], life cycle cost assessment (LCC) are also involved in economic analysis to provide insight for early stage decision-making on the valorization of the dredged sediments.

The development of technology to produce valuable materials from contaminated dredged sediments offers an opportunity to use it as an alternative to virgin resources that could save energy and optimize resource efficiency resource utilization, reduce emissions and potentially contribute to a circular economy. The choice of recycling option for dredged sediments is essential in economic, environmental, sustainability terms and the perspective of the circular economy.

4. An economic approach towards recycling dredged sediments for sustainable development 

*Respect for the principle of proximity and economic aspects/realities

Managing waste with proper disposal facilities became a crucial challenge [START_REF] Lirer | Mechanical and chemical properties of composite materials made of dredged sediments in a fly-ash based geopolymer[END_REF][START_REF] Kamali | Marine dredged sediments as new materials resource for road construction[END_REF][START_REF] Norén | Integrated assessment of management strategies for metal-contaminated dredged sediments?[END_REF][START_REF] Marmin | Ocean & coastal management collaborative approach for the management of harbour-dredged sediment in the bay of seine (France)[END_REF][START_REF] Slimanou | Harbor Dredged Sediment as raw material in fired clay brick production: Characterization and properties[END_REF][START_REF] Yoobanpot | Multiscale laboratory investigation of the mechanical and microstructural properties of dredged sediments stabilized with cement and fly ash[END_REF][START_REF] Zheng | Framework for determining optimal strategy for sustainable remediation of contaminated sediment: A case study in Northern Taiwan[END_REF][START_REF] Bagarani | The reuse of sediments dredged from artificial reservoirs for beach nourishment: technical and economic feasibility[END_REF][START_REF] Baptist | Beneficial Use of Dredged Sediment to Enhance Salt Marsh Development by Applying A 'Mud Motor': Evaluation Based on Monitoring[END_REF]. Due to a shortage of land, the cost of waste dumping gradually increases. Unmanaged dumping of dredged sediments leads to damage to environmental and ecological systems. Using dredged sediments through the recycling process is a sustainable approach towards supplementing natural resources, reducing pollution and greenhouse gas (GHG), energy optimization, enhancing economic development [START_REF] Soleimani | Environmental, economic and experimental assessment of the valorization of dredged sediment through sand substitution in concrete[END_REF], improve sustainability on marine ecosystems.

Exploring the required mechanical, chemical, and physical properties of dredged sediments would lead to a most appropriate option for different applications:

The beneficial use of dredged sediments for various applications

Method: literature review on the subject 1. Production of dredged marine sediments in France and abroad

Recommendation on future policy options for the management of dredged sediments

The future policy options available with the policymakers for managing dredged sediments are to promote necessary schemes and facilities within the framework of policy and regulation by different nationals with the alliance of industry partners. The problems related to the management of dredged sediments that need to be resolved as soon as possible to promote sustainable development through dredged sediments management are the following:

Keywords

"dredging" OR "marine sediments", "management", "waste recycling", "chemical compositions", "regulatory aspect", "disposal" AND "potential recovery". ▪ Policy for limiting the use of certain unsustainable methods or technology to specific industries ▪ The particular policy required for penalties wherever applicable ▪ Unfavorable market forces ▪ Legal/policy/governance challenges at the international and national ▪ Disposal capacity and process ▪ Critical barrier on transporting of dredged sediments to a different location regarding cost, safety, physicochemical properties, environmental issues, etc. ▪ Major investments ▪ Lack of government initiative in respect of promoting mission zero waste and to make realize that dredged sediments is wealth ▪ Delay in necessary approval and responses from the government official pertaining to dealing of dredged sediments ▪ Lack of policy frameworks, especially in the context of managing dredged sediments ▪ Transparency of information systems among the government and industry partner ▪ Introduce code and standards on the secondary product from dredged sediments so that users can use the products.

▪ Facilities for transportation of enormous amount of sediments

Major bottlenecks [START_REF] Ulibarri | Barriers and opportunities for beneficial reuse of sediment to support coastal resilience[END_REF] towards managing bulk usage of the dredged sediments are as follows. 

Potential applications for reuse of dredged sediments

Example below of the strategy developed for the management of dredged marine sediments from harbor Carnon (south of France)

In France, the decision on sediment suitability for sea dumping or land disposal is primarily based on chemical findings, being the ecotoxicological analyses only advised to be done on guidelines. According to the concentration limits of the required chemical parameters (such as metals, trace elements and organic micropollutants), N1 (high quality, low pollutant concentrations) and N2 (medium quality, mid pollutant concentrations) levels are legally defined. Only in the cases where any of the compounds exceeds the N2 threshold, a biological characterization of sediments is needed to define their ecotoxicity [START_REF] Ospar | Oslo and Paris Conventions[END_REF][START_REF] Harrington | Economic modelling of the management of dredged marine sediments[END_REF][START_REF] Abidi | Characterization of dredged sediments of Bouhanifia dam: potential use as a raw material[END_REF][START_REF] Tessier | Study of the spatial and historical distribution of sediment inorganic contamination in the Toulon bay (France)[END_REF].

Management options

(Based on concentration limits of some physical and chemical parameters such as particle size, metals, organic micropollutants)

Land management = Waste (ICPE thresholds)

Dredging operation and geotube dewatering, @ Carnon 2023 90% 10%

5. Bottleneck preventing bulk re-use of dredged sediments References 2 .

 2 French regulatory framework for the management of dredged sediments is complex Dredged sediments (France) Regulatory characterization ▪ Environmental Code, annex I of article L541-8 ▪ Regulation 1357/2014/EU (Waste hazard properties) ▪ Order of February 15, 2016 ▪ Order of June 30, 2020

▪

  Flexible licensing systems to process dredged sediments ▪ Safely policy ▪ Insurance scheme ▪ Startup facilities ▪ Financing facilities to set up a plant ▪ Emerging circular economic concept ▪ Approach to introduce code and standard ▪ Policy to design life cycle assessment (LCA) to reduce sediments ▪ Policy for compulsory use of sediments as secondary products wherever applicable ▪ Policy for restricting the use of natural resources

▪

  Physical, chemical and biological characterizationOther requirements▪ Determination of nitrogen and phosphorus for sediment discharged in sensitive areas; ▪ Faecal contamination to avoid impacts on shellfish, mariculture, or bathing areas. ▪ Biological characterization of the affected site in case of sediment immersion, if at least one element exceeds the N2 threshold. ▪ The particle size has to be considered in case of reuse for nourishment. ▪ Leaching test to define land storage options, ICPE thresholds